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Background: Non-injurious falls (NIFs) and fall-related injuries (FRI) among older adults are 

common and impose substantial health burdens. Risks include health and health behavior factors, 

medications, and environmental hazards. Non-injurious falls (NIFs) and fall-related injuries 

(FRIs) may particularly compromise older adults’ ability to engage in social and recreational 

activities and activities of daily living and can generate chronic stress, resulting in depressive 

symptoms. Previous studies have used depression to predict falls, but are potentially subject to 

endogeneity bias by not controlling for other temporal associations between falls and depression. 

With 2.5 million and .75 million FRIs treated in emergency departments and hospitals, 

respectively, FRIs also have important Medicare cost implications. However, existing FRI cost 

estimates are inconsistent, ranging from $2,000 to $26,000, and traditional FRI identification 

methods likely undercount FRIs. Three studies were conducted to assess relationships between 

(1) falls and caregiving, (2) falls and depressive symptoms, and (3) FRIs and Medicare costs.  
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Methods: First, 10 survey waves of pooled data from the 2000-2010 Health and Retirement 

Study (HRS) were used to compare risks of NIFs and FRIs among respondents receiving and not 

receiving formal and/or informal caregiving assistance in the past two years. Stratified models 

were used to assess whether cognitive impairment modified the relationship between caregiving 

receipt and fall risk. Next, using 2006-10 HRS data, “cross-lagged panel” analyses using 

structural equation modeling were conducted to evaluate temporal associations between falls and 

depressive symptoms. Structural coefficients of pathways between falls and depressive 

symptoms (in 2006�2008 and 2008�2010) were estimated, controlling for baseline (2006) 

latent factors: poor physical health status (indicated by vision, hearing, cognitive status, activities 

of daily living, chronic disease, and functional limitations), perceived social support, and social 

cohesion. Finally, 2007-9 Inpatient, Outpatient, Carrier, Skilled Nursing Facility, Home Health, 

Durable Medical Equipment, and Hospice Medicare claims and linked 2008 HRS survey data 

were used to estimate the difference in predicted medical cost change scores (12-month post-

index minus 12-month pre-index costs) for an FRI compared to a non-FRI cohort. For this 

analysis, linear regression models adjusted for sociodemographic characteristics, indicators of 

health status (sensory impairments, cognitive status, and indices for functional limitations and 

chronic health conditions), and geographic factors were used. Four different methods—using (1) 

external cause-of-injury codes (e-codes) and a select set of inpatient ICD-9 diagnostic codes, (2) 

e-codes, inpatient diagnostic and outpatient diagnostic and procedure codes, (3) e-codes and a 

broad set of diagnostic codes, and (4) e-codes only—were used to identify FRIs in the claims 

data. 
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Population: Community-dwelling older adults (ages 65 and older). For the first study, 17,420 

unique individuals (172 with cognitive impairment), with a total of 63,542 pooled person-wave 

observations; for the second study, 13,439 individuals; and for the third study, 5,548 individuals 

(103 FRI and 5,445 non-FRI) with continuous Medicare Parts A/B coverage and alive during the 

24-month study period. 

. 

Results: For the first study, adjusting for sociodemographic and health characteristics, relative to 

no care received, older adults receiving low levels of informal care had a 3 percentage-point 

increase in NIF risk and 2 percentage-point increase in FRI risk while those receiving high levels 

of informal care had a 4 percentage-point increase in FRI risk. However, those receiving both 

formal and informal care had a 4 percentage-point (or 20%) decrease in NIF risk. Wald tests 

showed that those receiving formal care only or formal care and informal care had lower NIF and 

FRI risks than those receiving informal care only. Among those with cognitive impairment, older 

adults receiving informal and formal care generally had reduced NIF and FRI risks compared to 

those receiving no care. For the second study, both the NIF (χ2 (dfs = 266) = 2,646.39, p<0.001, 

Comparative Fit Index (CFI) = 0.944, Root Mean Square Error of Approximation (RMSEA) = 

0.026) and FRI (χ2 (dfs = 267) = 2,511.52, p<0.001, CFI = 0.945, RMSEA = 0.025) models had 

acceptable fit. Depressive symptoms predicted future NIFs (unstandardized structural probit 

coefficients = 0.85 for 2006�2008 and 0.83 for 2008�2010, p<0.001), a relationship 

potentially mediated by psychotropic drug use; however, NIFs did not predict future depressive 

symptoms. Depressive symptoms predicted future FRIs (unstandardized structural probit 

coefficients = 1.00, p<0.001 for 2006�2008 and 0.95, p<0.001 for 2008�2010). For the third 

study, average, unadjusted medical costs during the 12-month follow-up period were $23,429 
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and $9,818 for FRI and non-FRI cohort individuals, respectively. The estimated change score 

difference between the FRI and non-FRI cohort was $14,879 (p<0.001) using the first FRI 

identification method using e-codes and a select set of inpatient ICD-9 diagnostic codes. Change 

score differences were $6,587 for inpatient, $2,476 for outpatient, $4,595 for SNF, and $1,141 

for HH. Overall change score differences were $11,678 (p<0.001), $8,963 (p<0.001), and 

$12,757 (p<0.001) using the second, third, and fourth FRI identification methods (using varying 

sets of e-codes and inpatient and outpatient diagnostic and procedural codes), respectively. An 

FRI increased the risk of persistently high costs using all identification methods. Findings were 

robust to the inclusion of pre-index costs as a predictor and respondents who died during the 

study. 

 

Conclusion: For the first study, caregiving receipt significantly predicted falls, but was not 

uniformly negatively associated with NIF and FRI risk. The 20% risk reduction among those 

receiving formal and informal care was comparable to common falls prevention interventions. 

While informal care may encourage more activity and risk-taking, formal caregivers may prevent 

risky behaviors associated with falls and cognitively impaired individuals may particularly 

benefit from caregiving in preventing falls. For the second study, compared to latent indicators of 

poor physical health status and social factors, depressive symptoms are strong predictors of older 

adult NIFs and FRIs. Controlling for these confounders, a one standard deviation increase in 

depressive symptom levels was associated with a 22% and 28% increase in the risk of future 

NIFs and FRIs, respectively. However, NIFs and FRIs were not associated with greater odds of 

future increased depressive symptoms. For the third study, FRIs were associated with substantial 

and sustained increases in Medicare spending. Substantial increases in medical costs associated 
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with FRIs were driven by inpatient (44%), SNF (31%), outpatient/carrier (17%), and home 

health (8%) costs and FRIs increased the probability of having high cost in the four quarters 

following an index FRI from 11.6% to 19.5%, reflecting a 67% increase. The findings suggest a 

wide range of per-FRI as well as total FRI-related Medicare costs, depending upon the method 

used to identify FRIs in the claims data; per-FRI costs ranged from approximately $9,000 to 

$15,000 while total FRI-related Medicare costs ranged from $5 to $49 billion due to differing 

proportions of beneficiaries experiencing FRIs depending on the FRI identification method used. 

 

Implications: These findings suggest a potential opportunity for population health management 

of falls. To scale up falls prevention for falls costing Medicare billions of dollars per year, 

policymakers and providers should consider offering assistance to informal caregivers through 

educational outreach. Falls assessments should also include caregiving as an essential 

component. Prevention efforts should include depressive symptomatology as a main falls risk 

factor and geriatric evaluations should emphasize the depressive symptoms—falls relationship. 

Current approaches to claims-based FRI identification and current FRI surveillance techniques 

may be inadequate. Given substantial, sustained costs of FRIs and known effectiveness of falls 

prevention efforts, Medicare should consider reimbursement for geriatric FRI risk prevention. 
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Chapter 1 : Introduction 

Non-injurious falls (NIFs) and fall-related injuries (FRIs) reflect or contribute to 

difficulties with physical, emotional, and cognitive health, health behaviors, and environmental 

factors.1-14 NIFs and FRIs among adults ages 65 years and older (hereafter referred to as “older 

adults”) are common and are associated with substantial morbidity among older adults.15-25 Non-

fatal and fatal falls (both NIFs and FRIs) among older adults result in substantial emergency 

department, hospital, and long-term care utilization every year26,27 with increasing rates in the 

past decade.28 These events reflect risks involving a mix of physiological and biomechanical 

problems16,29-46 and have been observed to result in negative physical and emotional outcomes 

that are often debilitating to older adults.17,20,21,47-58 NIFs and FRIs thus seem to be common 

experiences and components of a disablement process involving physical, emotional, and 

environmental factors. Yet, conceptual frameworks for understanding and testing relationships 

between falls (hereafter, if both NIFs and FRIs are referenced, “falls” will be used; if a non-

injurious fall is specifically address, “NIF” will be used and if an injurious fall is referenced, 

“FRI” will be used) and their predictors and outcomes are largely absent from the literature. 

Social science theory suggests that health and behavior of older adults are influenced by 

the external environmental and, in particular, individuals’ control and perceptions of the control 

they exert over their environment.1,13,14,59-61 Older adults can lose control over their environment 

due to declining physical and cognitive performance, such as the ability to perform daily 

activities of living and fulfill social roles. Researchers have characterized this loss of control 

among older adults as an outcome of a disablement process11,12 that reflects a mismatch between 

personal “competence” and environmental demands. Inadequacy of an older adult’s personal 

competence in coping with environmental demands can result in disability, acute or chronic 
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pathology, as well as emotional distress.1,13,14,59-61 Specifically, the disablement process 

model11,12 illustrates how poor fit between personal competency and environmental demands 

result in maladaptive behavior and emotion. Yet, while theory regarding the aging process 

stresses the environment’s importance, limited attention has been given to social, environmental 

factors affecting older adults’ risk of NIFs and FRIs. 

Further work on both social science theories on aging and on conceptualizing falls can fill 

in current gaps in the research on falls and aging theories. In either case, social environmental 

factors as conceptual causes of the disablement process, including NIFs and FRIs, require 

additional attention. While extensive research has been conducted on falls, some of which has 

involved examination of the physical environment and person-environment fit,29,31,45,46,62-71 

limited falls research has examined social, environmental factors. Aging and health models such 

as the disablement process model and person-environment fit theory13,72-74 implicate the 

environment as a predictor of disability and pathology, but have not often been used to 

empirically test social, environmental factors as predictors of health outcomes. Such social 

science models appear to rely upon theories regarding individuals’ sense of control, loneliness, 

and health behavior that also take into account levels of social support.1-5,7-10,75-79 Thus, there are 

common gaps in the literature examining disability and aging and in conceptual understandings 

of how and why falls occur and how falls affect older adults.  

Because of these conceptual shortcomings in disablement and person-environment fit 

model/theory and in understanding fall predictors and outcomes, conceptual and empirical work 

merging these topics can advance the state of knowledge. NIFs and FRIs may implicate the 

social environment and, as such, previously unexamined factors such as caregiving and other 

social support should be figured into risks of falling and subsequent injury. Similarly, changes to 
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the older individual following an NIF or FRI may result in social isolation and loss of social 

roles, impacting emotional health. These may be circular associations wherein declining control 

of the physical and social environment results in disablement, falls, increased isolation and 

poorer mental health, and further disablement and falls. Increased disablement and social 

isolation may in turn have implications for health care spending. Thus, falls can be considered as 

both outcomes and predictors of a constellation of physical, emotional, and social factors and not 

merely isolated incidents reflecting poor health. As indicators of poor adaptation to the 

environment, falls may thus be prevented not only by improvements to or maintenance of 

physical conditioning and health, but by addressing the interplay of the individual and her 

physical and social environment. Similarly, as predictors of potential maladaptation to the 

environment, falls may occasion decrements in mental health functioning and require clinical 

attention. As signifiers of past and future maladaptation, falls may substantially increase clinical, 

rehabilitative, and assistive care costs, among others. 

To examine these possibilities, this dissertation uses social science theory to 

conceptualize risk predictors and outcomes of falls and to fill in apparent gaps in conceptual 

aging and health frameworks. The dissertation pursues three broad research questions, assessing 

relationships between falls and each of caregiving, depressive symptoms, and marginal, medical 

costs. The first question is whether the receipt of informal and formal caregiving is associated 

with a decrease in fall and/or FRI risk among older adults. The second research question is 

whether falls are associated with either shorter-term or longer-term increase in depressive 

symptoms among older adults. The third research question has to do with the healthcare costs 

associated with FRIs. Brief synopses of the three research questions are provided directly below 

and the specific questions and related hypotheses and rationales are provided later in this chapter. 



 4

Development and explanation of conceptual models, provided in Chapter 3, are used to frame the 

research questions and to guide empirical analyses in this dissertation.  

Overview of Dissertation Research Questions 

Caregiving Assistance and the Likelihood of Falls 

The first dissertation question explores several potential pathways between caregiver 

assistance and fall risk among older adults. Specifically, it examines whether or not increased 

levels of caregiver assistance are associated with reduced NIF and/or FRI risks. Related 

questions involve whether or not potential risk reductions are more or less likely when caregiver 

support is provided by formal versus informal caregivers and also whether caregiver assistance is 

more useful among cognitively impaired compared to non-impaired older adults. The idea that a 

relationship may exist between caregiving support and falls has, surprisingly, never seriously 

been considered in the falls literature. Yet, the very behaviors, activities, and environmental 

characteristics identified in the literature as potential risk factors for falls are potentially 

modifiable factors that caregivers routinely address when caring for older individuals. Caregivers 

provide assistance with instrumental and personal care activities through providing oversight and 

instruction as well as via emotional support. It is likely, however, that types and effectiveness of 

oversight, instruction, and emotional support will vary across types of caregivers and care 

recipients. Thus, the hypothesis is that caregiving can reduce fall risks, that formal is more useful 

than informal caregiving in lowering the risk, and that caregiving is most useful among 

cognitively impaired care recipients. Further discussion of the research questions, hypotheses, 

and rationales for the hypotheses is provided below.  
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Temporal Associations between Depressive Symptoms and Falls 

The second dissertation question explores whether NIFs and/or FRIs result in increased 

depressive symptoms among older adults. It is possible that falling prompts a change in the 

relationship of an older individual to her environment and in her roles and activities that brings 

about changes in emotional health. But, while it seems straightforward and even obvious that an 

acute incident such as an NIF or FRI could generate changes in emotional health, it is unclear 

how this relationship plays out over time. Does a fall result in an immediate increase in 

depressive symptoms that then reverses as the older individual rehabilitates? Or are increased 

depressive symptoms (and potential, clinical depression) persistent problems following either of 

NIFs and FRIs? Does the nature of the fall (with or without injury) matter with respect to 

immediate (or “contemporaneous”) and longer-term emotional changes? To complicate matters, 

such relationships may exist even while depressive symptoms influence the likelihood of an NIF 

and/or FRI. Thus, the nature of the association between falls and depressive symptoms only 

appears straightforward, but could be quite complex. And while considerable research has 

examined the NIFs-depressive symptoms relationship, most of the research has ignored the 

multiple and potentially changing associations in the relationship. By ignoring the multiple, 

potential pathways in the relationship, clinicians and policy makers may miss important cues in 

terms of treatment and prevention opportunities for older adults.  

Shorter- and Longer-Term Marginal, Medical Costs Associated with Falls 

The third dissertation question investigates the amount and the type of marginal medical 

costs associated with FRIS among older adults. With limited resources to address public health-

related issues among the older adult population, information regarding costs can help policy 

makers prioritize prevention efforts. While FRIs are clearly drivers of hospital and emergency 
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department utilization among older adults, the extent of the utilization and associated costs are 

not entirely clear. For instance, FRIs may be the result of deteriorating health and conditioning 

among older adults that would have resulted in medical treatment absent an FRI. Thus, an FRI 

may involve a brief upsurge in medical spending that then disappears. FRIs may conversely 

result in longer-term health trajectories that are costlier (“persistently high costs”) compared to 

spending trajectories of older adults not experiencing recent FRIs. The benefit of a cost analysis 

is thus that it can put into context the financial implications of these fairly common events and 

injuries and illustrate the potential benefits of prevention efforts. This analysis utilizes a cost 

analysis estimating Medicare-related medical costs of treatments associated with FRIs above and 

beyond costs that likely would have been incurred absent such events. It seems plausible that 

FRIs will result in increased short-term medical costs and in increased likelihood for persistently 

high costs among older adults. The analysis specifically focuses on FRIs because they seem most 

likely to result in dramatic changes in physical (and potentially, mental) health that can affect 

health care utilization and spending. 

Specific Research Questions, Study Hypotheses and Rationales for Hypotheses 

 Using a longitudinal dataset with 20 years of data on U.S., community-dwelling older 

adults and a revised conceptual framework borrowing elements of the disablement process model 

and person-environment fit theory, the dissertation explores the associations of caregiving and 

depressive symptoms with falls as well as fall-related medical costs. Specific hypotheses, along 

with rationales for these hypotheses, are listed below. 
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Research Question #1 

Is caregiving receipt associated with a reduction in the risk of NIFs and/or FRIs among 

community-dwelling older adults and is the type of caregiver and/or care recipient associated 

with any reduction in the fall risk? 

Hypothesis 1.1 (H1.1) 

Adjusting for sociodemographic characteristics, chronic conditions, functional impairments and 

limitations, and disability levels (hereafter referred to as “potential confounders”), higher 

amounts of formal and informal caregiving assistance received by older adults in the past two 

years will be associated with lower NIF and FRI risk.  

Rationale for Hypothesis 1.1 

According to the disablement process model, “feedback effects” can occur from “downstream” 

points in the disablement process to “upstream” points. Older adults with declining health are 

likely to have feedback effects due to difficulties controlling the external environment and 

engagement in regulatory coping strategies1,8 that do not resolve poor “fit.” (See Chapter 2 for a 

discussion of the disablement process model and feedback effects.) To improve fit, older 

individuals can improve their physical and cognitive performance or reduce environmental 

demands.13,14,73,80 By addressing the person-environment fit for the care recipient, caregivers 

prevent feedback effects from poor health to acute pathological events like falls. Caregivers can 

provide “problem-solving” assistance, including instrumental and social support that can affect 

health behavior, physical and cognitive functioning, social interaction, medical care, medication 

and assistive device use, and activities predisposing older adults to falls.  
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Hypothesis 1.2 (H1.2) 

Adjusting for potential confounders, relative to informal, family caregivers, formal caregivers 

providing assistance to respondents will be more likely to reduce older individuals’ fall risks. 

Rationale for Hypothesis 1.2 

With respect to the types of help that improve person-environment fit and affect fall risk (help 

with self-care, behaviors and activities, and management of the home), formal caregivers have 

several advantages compared to informal caregivers. First, they are more likely than informal 

caregivers to have training to provide self-care (bathing, eating, dressing, toileting, transferring, 

getting in/out of bed) and instrumental support (assistance with preparing meals, shopping, 

managing money, using the telephone). Second, due to their relatively greater levels of training 

and lower levels of burden, they may be more likely than informal caregivers to discourage risky 

activities and to encourage healthy behaviors, such as exercise and muscle strengthening 

activities. Third, they may have more knowledge than informal caregivers in terms of suggesting 

and facilitating appropriate use of assistive devices and medications.  

Hypothesis 1.3 (H1.3) 

Adjusting for potential confounders, the association of higher caregiving levels with reduced fall 

risk among older adults will be greater for the cognitively impaired than for the non-cognitively 

impaired.   

Rationale for Hypothesis 1.3 

Compared to other older adults, cognitively impaired older adults are less likely than non-

impaired older adults to be aware of person-environment fit and personal control issues. Because 

of this, they are more likely to engage in “risky” activities resulting in environmental demands 

beyond their physical performance capacity (e.g., using stairs or reaching for objects where such 
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activities cannot safely be performed). In such cases, the presence of a caregiver providing 

instrumental support is not only important for self-care and other activities, but will be 

particularly important in preventing falls. Older individuals with impairment compared to those 

without impairment have greater dependency on caregivers, which allows caregivers to engage 

in prevention efforts—such as guiding activity—without resistance. Conversely, due to 

reluctance to accept problems with “fit” and fall risk, non-impaired older individuals may resist 

guidance, education, and instruction regarding activities and behavior, resulting in potentially 

limited relative fall risk impact due to caregiver assistance. 

 The null hypothesis is that caregiving assistance will not result in comparatively greater 

fall risk reduction among cognitively impaired compared to non-impaired older adults. The 

extent to which caregivers can transfer information to cognitively impaired older adults is 

unclear. While caregivers may be able to provide non-cognitively impaired older individuals 

with problem-solving assistance that improves the personal performance and competence 

dimension of person-environment fit, similar assistance may not be possible with cognitively 

impaired older adults. With the non-impaired, caregivers may be able to transmit knowledge to 

care recipients regarding the importance of avoiding “risky” activity or of engaging in health-

promoting behavior. Caregivers may also be able to improve social support and coping among 

the non-impaired older adult population. On the other hand, with the cognitively impaired, 

caregivers may be more likely to focus on managing the physical environment and have less 

ability to enable impaired care recipients to improve their physical performance or manage the 

environment on their own. Therefore, while supervision of and assistance provided to cognitively 

impaired older adults can be useful in fall prevention—and is likely on net to be more effective 
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compared to assistance provided to non-impaired older adults—caregiving may not always be 

better for impaired versus non-impaired older adults. 

Research Question #2 

Are falls associated with subsequent and longer-term increases in depressive symptoms, after 

accounting for increases in fall risk associated with depressive symptoms among community-

dwelling older adults? 

Hypothesis 2.1 (H2.1) 

Adjusting for potential confounders, NIFs and FRIs will be associated with subsequent (two-

year) increases in depressive symptoms among older adults.  

Rationale for Hypothesis 2.1 

Increased depressive symptoms are also considered acute pathologies (see Chapter 2). Falls can, 

at least temporarily, result in fear of falling and scaling back of activities (either due to fear in the 

case of NIFs or fear and time to recover from injury for FRIs) as well as reduced social 

interaction, which can increase depressive symptoms. But even after controlling for levels of 

social support and social cohesion, it is likely that recognition of lower levels of personal control 

of the environment (acknowledgement of person-environment fit) can generate temporary (and 

persistent) stress that can result in increased depressive symptoms.  

Hypothesis 2.1a (H2.1a) 

Adjusting for potential confounders, subsequent increases in depressive symptoms will be 

greater among older adults experiencing FRIs compared to those experiencing NIFs. 

Rationale for Hypothesis 2.1a 

FRIs often result in “serious” injuries such as hip, skull, and ankle fractures that can require 

rehabilitation and curtail activities. NIFs are less likely to require rehabilitation and are less 
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likely to curtail activities or result in a sense of loss of control. Thus, FRIs are more to result in 

short-term disablement and loss of control than NIFs and, accordingly, to subsequently increase 

levels of depressive symptoms among older adults. 

Hypothesis 2.2 (H2.2) 

Adjusting for potential confounders, older adults experiencing falls will experience a long-term 

(four-year) increase in depressive symptoms. 

Rationale for Hypothesis 2.2 

Similar to the hypothesized subsequent, or two-year, effects of falls on depressive symptoms, 

longer-term effects will likely involve recognition of loss of control and lack of person-

environment fit, potentially reflected as fear of falling. Both NIFs and FRIs, and particularly 

FRIs, may result in reduced activity levels, poorer physical functioning, and social isolation. 

Thus, over time, NIFs and FRIs can result in persistent stress and loneliness that can create 

increased depressive symptoms.  

Hypothesis 2.2a (H2.2a) 

Adjusting for potential confounders, longer-term increases in depressive symptoms will be 

greater among older adults experiencing FRIs compared to those experiencing NIFs. 

Rationale for Hypothesis 2.2a 

Similar to the rationale for hypothesizing greater, relative increases in depressive symptoms 

among older adults experiencing FRIs compared to NIFs, the rationale for greater, relative 

longer-term (four-year) depressive symptom increases involves activity restriction, loss of 

autonomy and control, and changes in health behaviors due to FRIs. The greater, relative 

disablement and loss of P-E fit associated with FRIs compared to NIFs should result in sustained, 

longer-term increases in depressive symptoms.  
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Hypothesis 2.2b (H2.2b) 

Adjusting for potential confounders, increases in depressive symptoms four years following an 

FRI or NIF will be less than increases in depressive symptoms two years following an FRI or 

NIF. 

Rationale for Hypothesis 2.2b 

As noted above, the greater, relative disablement and loss of P-E fit associated with FRIs 

compared to NIFs should result in sustained, longer-term increases in depressive symptoms. 

However, to an extent, these increases may be attenuated by the fact that many older adults 

experiencing FRIs are likely to rehabilitate their injuries and thus return to “normal” activity 

levels and reestablish a sense of control and autonomy with respect to their environments. Over 

time, older adults may “recover” from either the shock of a fall and thus find ways to regulate 

their position with respect to the environment or rehabilitate from an injury. In either case, while 

increased depressive symptoms are expected over time following the initial event, the increase in 

symptom levels may not be as great as the subsequent increase. 

Hypothesis 2.3 (H2.3) 

Adjusting for potential confounders, increased depressive symptoms among older adults will be 

associated with subsequent (two- and four-year) increased fall risks.  

Rationale for Hypothesis 2.3 

Increased depressive levels, even accounting for potentially correlated physical health problems, 

can result in inattentiveness, slower response times to environmental threats, and reduced activity 

levels that can produce functional limitations and muscle weakness, among others. In turn, these 

limitations/weaknesses can affect postural balance and gait length and speed; they can also affect 

response times, which can result in more slips and trips, but also lowered ability to quickly 



 13

respond and reestablish center of mass and thus avoid a fall. Additionally, the use of 

psychotropic medications may mediate the relationship between depressive symptoms and falls. 

(Note: these non-recursive cross-lagged panel models adjust for baseline socioeconomic and 

health characteristics but do not further control for these characteristics at years two and four. 

The models also do not control for psychotropic medication use.) While inattentiveness due to 

depressive symptoms can be associated with contemporaneous increases in falls, it is likely that 

the slower reaction times and reduced muscle strength and greater joint weakness occasioned by 

depressive symptoms will not immediately affect fall rates. Rather, those physical outcomes 

associated with depressive symptoms will take place over an extended period of time and should 

translate into increased fall risk after several years. 

Hypothesis 2.3a (H2.3a) 

Adjusting for potential confounders, longer-term (four-year) increases in fall risk associated with 

depressive symptoms will be greater than shorter-term (two-year) increases in fall risk associated 

with depressive symptoms. 

Rationale for Hypothesis 2.3a 

While NIF risk should increase over the longer-term with increased depressive symptoms, the 

underlying mechanisms are indirect and time-consuming. That is, difficulties with executive 

functioning associated with depressive symptoms and with fall risk will not occur rapidly. 

Similarly, reductions in levels of physical activity and role changes occasioned by depressive 

symptomatology will occur gradually. Thus, the consequences of such withdrawal (reduced 

muscle strength, poorer gait and balance, poorer environmental control) should not occur 

immediately, but rather over time so that increased fall risk is observed in the longer-term. 
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Research Question #3 

What are the implications of falls for annual Medicare and patient out-of-pocket expenditures 

among community-dwelling older adults? 

Hypothesis 3.1 (H3.1) 

Adjusting for potential confounders, compared to other older adults, older adults experiencing 

FRIs will have higher 12-month Medicare Part A and Part B utilization and hence expenditures.  

Rationale for Hypothesis 3.1 

The disablement process suggests that older adults can experience chronic illness, sensory 

impairments, functional limitations, and/or disability as a result of FRIs; and each of these 

disablement components can result in medical costs. It is likely that FRIs incrementally increase 

costs. FRIs can result in injuries that are quickly treated in various settings, including inpatient 

and outpatient settings (EDs, hospitals, skilled nursing facilities, and home health), plus durable 

medical equipment costs (such as assistive devices including walkers and wheelchairs). Large 

costs will likely be incurred in inpatient settings for surgeries repairing fractures. FRIs with less 

severity (such as lacerations or contusions, as opposed to fractures) may also increase costs due 

to ambulatory care visits and purchases of durable medical equipment (e.g., wheelchairs and 

other assistive devices). 

Hypothesis 3.2 (H3.2) 

Adjusting for potential confounders, compared to non-fallers, older adults experiencing FRIs will 

be more likely to have “persistently high” Medicare Part A and B utilization and expenditures.  

Rationale for Hypothesis 3.2 

FRIs are conceptualized as part of the disablement process and as reflecting lack of person-

environment fit and loss of personal control over the environment. Thus, FRIs can result from 
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“feedback” from disablement process components where person-environment fit is poor and 

FRIs can also exacerbate the disablement process and reduce fit even further. (See Chapters 2 

and 3 for further discussion of these models.) Thus, while FRIs are likely to raise incremental 

costs in the short-term, they are also likely to raise those costs over the long-term as well, with 

further disablement and poor fit of the older adult to her environment.  
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Chapter 2 : Literature Motivation 

Fall Definitions: Non-injurious Falls and Fall-related Injuries 

A fall has been defined as “an event which results in a person coming to rest 

inadvertently on the ground or other lower level and other than as a consequence of the 

following: sustaining a violent blow; loss of consciousness; sudden onset of paralysis, as in a 

stroke; or an epileptic seizure.”81 Falls can occur while walking, after tripping or stumbling, or 

while attempting to stand or sit down; they may also occur while an individual is simply standing 

or reaching for or pushing or pulling an object. Most fall definitions indicate that a fall results in 

an individual resting at a lower level; however, not all definitions specify the lower level, but 

instead discuss a change from one level to another.82 Unlike the definition above from the 

Kellogg International Work Group, some definitions also specify the faller’s initial position (as 

standing or sitting).38 Indications of the behavioral elements range from “unintentional” to 

“unexpected”24 or “inadvertent.”83 Certain definitions exclude falls caused by medical conditions 

or environmental conditions82 or clearly distinguish non-injurious falls (NIFs) from fall-related 

injuries (FRIs), thus only assessing or identifying non-injurious falls (NIFs).83 Thus, falls can be 

considered a category that encompasses both NIFs and FRIs. A systematic review found that 

most falls definitions involved topographical, biomechanical, and behavioral components.82 

Topographical elements suggest a change in the spatial orientation or change in level during the 

fall; biomechanical elements indicate impact with the ground or floor; behavioral elements are 

whether the fall was intentional or not. These clinically oriented definitions, which require use of 

administrative data to assess, are likely to underestimate fall numbers.84 

This study will offer its own definition of falls—both NIFs and FRIs—and will define the 

terms later, in Chapter 4.  



 17

Background Information: Fall Prevalence, Institutional Utilization, and Total Costs 

FRIs are common among older adults and are a major cause of morbidity. More than one 

in three community-dwelling older adults (adults ages 65 years and older) experiences at least 

one fall in a given year,15 with half experiencing multiple falls annually.16 Among fallers, 20-

30% experience moderate or severe fall-related injuries (FRI).16,22,23 There is often rapid decline 

in health and functional independence among older adults following falls.17-19 Health-related 

quality of life has been shown to decline among sufferers of hip fracture17,20,21 and blunt 

trauma.85 NIFs and FRIs are also associated with loss of independence and mortality among 

older adults. Nearly two-thirds of seniors hospitalized for FRI are admitted to a long-term care 

facility27 and it is estimated that falls play a major role in one-quarter of nursing home 

admissions24 and substantially increase the odds of admission.18 Mortality rates also increase 

among older adults with hip fracture53,57 and with vertebral fracture, which may be associated 

with many falls. Falls are also the 9th leading cause of fatal injuries among seniors, with 21,649 

deaths attributable to falls in 2011.28 Among seniors with hip fracture, one-third die within one 

year of their injury.25 

NIFs and FRIs among older adults impose a substantial burden on the U.S. health care 

system. FRIs are the most likely cause of injury-related ED visits and hospitalization among 

seniors, with over 2 million annual FRI-related ED visits, or 10% of all annual elderly ED 

visits.26 Up to 30% of ED visits result in hospitalization,26 with 630,000 hospitalizations for non-

fatal falls in 2011.28 This increased utilization results in substantial fall-related costs. More than 

$19 billion was spent treating non-fatal falls in 200626 and fall-related ED and hospitalization 

costs are expected to reach $43 billion in 2020.22 FRIs requiring hospitalization added an 

estimated $9.4 billion and those requiring ED treatment an estimated $5.7 billion in additional 
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fall-related costs to the U.S. healthcare system.86,87 Fall-related costs are expected to grow with 

estimated expenditures for fall-related ED and hospital treatment reaching $43 billion in 2020.22 

The fall impact on personal and public health is likely to increase in the future. Despite 

efforts to prevent falls, fall rates among older adults living in the community are increasing. 

Non-fatal, unintentional fall rates increased from 4,646 per 100,000 older adults in 2001 to 5,734 

per 100,000 older adults in 2011.28 Fatal fall rates increased over this period from 29 per 100,000 

older adults in 1999 to 46 per 100,000 older adults in 2007.28 In 2011, U.S. seniors represented 

13% of the total US population.88 That proportion is projected to grow to 16% in 2020, 19% in 

2030 and 20% by 2040.89 Managing potential growth in falls incidence and related costs among 

an increasingly older U.S. population will pose challenges for policy makers. It will also require 

knowledge regarding the etiology and outcomes of falls.    

Potential Risk Predictors of Falls 

While the definition of a fall is straightforward and a number of risk factors have been 

identified, the biomechanics and underlying causal mechanisms involved with falls and FRIs are 

complex, involving multiple bodily systems. There is widespread evidence that falls are related 

to a decline in a number of bodily systems among older adults, or a “geriatric syndrome,”90-92 

involving progressive decay in sensorimotor and central processing, joint deterioration, muscle 

loss, and visual and vestibular systems.93-95 Specifically, risks include impairments in body 

systems such as foot,29-31 balance and gait,31-34 and cognitive impairments,31,33,35 and problems 

with vision, reflexes, and muscle strength.16,35-42 Falls are also associated functional limitations 

and disabilities.33-36,43 Other risks include use of antihypertensive agents, benzodiazepines30 and 

sedatives31 and, potentially, home hazards.44-46 This list of factors is generally constant in major 

summary analyses, including Gillespie et al. (2012),45 Deandrea et al. (2010),35 Currie (2008),33 
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McClure et al. (2005),25 Chang et al. (2004),96 Perell et al. (2001),32 Tinetti et al. (1995), 97 Sattin 

(1992)98, and Tinetti (1989).30   

For an in-depth discussion of fall risk predictors—including the traditional categories of 

intrinsic and extrinsic risk factors, the biomechanics of falls (involving muscle strength, gait and 

balance), and older adults’ knowledge about these risk predictors—see the Appendix (“Extended 

Discussion of Fall Risk Predictors”).. 

Potentially Modifiable Risk Factors Associated with Falls 

Given the types of risks associated with falls and FRIs, including functional limitations, 

health behaviors, and poor self-care, fall risks are modifiable. With respect to falls, clinical tools 

to assess fall risks are available33,99 and falls prevention strategies are effective in reducing fall 

risks.45,65,96,100,101 These strategies target modifiable factors—balance and gait training, use of 

assistive devices, medication management, cardiovascular disorder treatment, and environmental 

modification, among others.45,96,100,102,103 A number of additional modifiable factors—lack of 

social support, poor health or health behaviors, lack of exercise and education about fall risk, 

fatalism, or low health expectations104—may increase fall risk, but not all older adults may be in 

a position to avoid such risks. Falls prevention efforts require sustained participation103 and 

certain older adults may not perceive themselves at risk for falls.105,106   

Receipt of Caregiving and Falls Among Older Adults 

Given the range of physiological as well as physical and social environmental factors as 

well as modifiable behaviors associated with falls among community-dwelling older adults, of 

potential importance for fall risk are informal and formal caregivers. Caregivers are common 

providers of care to U.S., older adults and offer a number of types of care that may be applicable 

to fall risk. For instance, caregivers help maintain the health and well-being of care recipients, 
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including by preventing falls.107 They do so by assisting care recipients with activities of daily 

living (ADLs) and instrumental activities of daily living (IADLs),108,109 as well as by providing 

emotional support and concern for the well-being of their care recipients.110,111 Specifically, 

caregivers help care recipients with personal care—getting in/out of bed, getting dressed, 

bathing, getting to and from the toilet, and feeding) and with instrumental support—

transportation, housework and grocery shopping, preparing meals, and medical therapy.108,112  

In addition to personal care and instrumental support, caregivers provide physical 

assistance and problem solving that may be useful in preventing falls. Caregivers spend 

considerable time in older adults’ homes,113 where many older adults’ falls occur.29,31,62 Their 

presence may counteract potential negative health effects of living alone or social 

isolation34,43,114-123 and contribute to modifying risk factors for falls.45,96,100,102,103,105,106 

While older adults living on their own may not understand or acknowledge fall risks, caregivers 

can advise care recipients about posture, use of assistive devices, or assist with modification of 

the home environment124,125 and discouraging risky behavior.126 As noted above, activities such 

as standing still, performing a basic ADL, walking, getting up or sitting down, stepping up, 

climbing on ladders/chairs are common fall risks.34,84,110,127 Hurrying was the most common 

attribute of falls in a study of older adults113 and many falls are due to slippery conditions 

occurring in the winter and fall98,127 that are avoidable. Caregivers can provide guidance, 

monitoring, and coercion to help older individuals in terms of avoidance strategies for risky 

activities.107,124,125 They can also provide help with the purchase and use of assistive or safety 

devices such as “walkers,” wheelchairs, hip protectors, or even home safety features. 

Additionally, to address fall risk denial and to reduce activities that can result in future 

falls, caregivers also use “emotion-oriented” strategies.124 These strategies reflect the emotional 
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closeness of informal caregivers with older care recipients at risk for falls. Caregivers of older 

individuals in poor health or who have already fallen are acutely aware of fall risks and the 

implications of a fall for the health and independence of care recipients.128 In fact, caregivers of 

older fallers are as or more intensely affected by anxiety following a care recipient’s fall as the 

faller.110 While falls prevention among older adults can involve acknowledging personal 

limitations and restrictions on personal autonomy,105 the presence of a caregiver may enable 

greater awareness of fall risk on the part of the older adult care recipient. 

Formal and Informal Caregiving  

Informal caregiving services provided by friends and family members of care recipients 

comprise the majority of all caregiving services received in the U.S. and elsewhere,129-132 but 

older adults may turn to complementary, formal assistance where informal support is not 

sufficient or when informal caregiving resources or other social environmental supports are not 

available.130,133 An informal caregiver is “anybody who provides unpaid help, or arranges for 

help, to a relative or friend because they have an illness or disability that leaves them unable to 

do some things for themselves, or because they are simply getting older. This kind of help could 

be with household chores, or finances or with personal or medical needs.”134 An informal 

caregiver is an individual who is paid to provide such care. Informal caregivers can both provide 

assistance and social support for care recipients’ experiencing acute illness or longer-term 

physical health problems, but also play roles in deciding whether formal caregiving assistance 

should be solicited.130,131 Formal caregiving can be provided by nurses, home health aides, or 

homemakers and can include assistance with personal care services or help with cleaning, 

shopping, or transportation. Formal caregiving can be provided by nurses, home health aides, or 

homemakers and can include assistance with personal care services or help with cleaning, 
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shopping, or transportation. It is not uncommon for older individuals with long-term care needs 

to make use of both formal and informal caregiving services.130,133 

Compared to formal caregivers, informal caregivers’ loyalty, social support, and attention 

to needs and preferences of care recipients131 may result in care recipients’ being more likely to 

adhere to falls prevention strategies. On the other hand, the technical competence, 

communication skills, and relative impartiality of formal caregivers131 may be more useful to 

older care recipients in terms of reducing fall risk. Since caring for older adults at risk for falls 

(including many who experience prior falls) can be emotionally and physically burdensome for 

informal caregivers,110,124,125,128,135 falls prevention efforts can be inhibited by fatigue, loneliness, 

or even denial of fall risk among informal caregivers. 

Motivation for Examination of Caregiving and Fall Risk 

Despite extensive literature on health effects of caregiving and the value of caregiving 

provided to care recipients,136-152 plus numerous studies examining the predictors of fall risk, 

studies of caregiving and fall risk are rare, if they exist at all. Several qualitative studies have 

examined how the risk of falls among older individuals who have already fallen impact caregiver 

burden.110,124,125,135 Yet our understanding of the relationship between caregiving and fall risk 

remains extremely limited. This relationship merits study because of how widespread caregiving 

and falls are among older adults56 and because of potential linkages between instrumental and 

emotional caregiving support and known risk factors for falls—remains extremely limited. 

Supposing that caregivers can assist with falls prevention, then providers and policy makers can 

utilize the broad, informal caregiving community to assess falls/FRI risk and implement 

falls/FRI prevention efforts. Thus, there may be an opportunity to improve the types of care 

provide to older adults at risk for falls through improved educational instruction to caregivers. 
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Depressive Symptoms and Falls 

Depressive Symptoms Among Older Adults: Prevalence and Potential Causes 

Depressive symptoms, anxiety, and other indicators of “emotional distress” are common 

among older adults, particularly those with chronic illnesses and functional limitations.153-158 

Clinical depression, involving enduring clusters of depressive symptoms, is also present among 

older adults—in 2005-6, 4% of adults ages 60 years and older reported depression.159 Yet, while 

clinical depression is relatively less common, depressive symptoms indicating risk for depression 

or serious psychological distress are commonly reported among U.S. older adults.160 Among 

older adults screened from 1998-2004, over 10% of male and just under 20% of female U.S. 

older adults reported having depressive symptoms.157 Reported rates of depressive symptoms 

among older adults increase with age—13% of individuals ages 65-74 years old reported 

depressive symptoms compared to 19% of those 85 years and older.157 Also, older adults 

reporting serious psychological distress are less likely to see a mental health professional 

compared to younger individuals with serious distress.156 

A potential cause of depressive symptoms among older adults is a major life events, 

crises, or the development of chronic stress.2,161-163 For older individuals, both major life events 

and gradual reductions in physical capabilities may result in loss of social support, self-esteem 

and personal control that can then lead to depressive symptoms.8,79,160,164 Major life events 

include job status change such as retirement or being fired, divorce, death of loved ones, 

menopause, or accidents, which affect the physical and emotional capacity of older adults.5 Older 

individuals may experience fewer major, negative life changes compared to younger adults, but 

the impacts of such changes can be important. For instance, they may be victims of accidents 

including falls impacting physical health status and role status.78,165-168   
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Another potential cause of depressive symptoms among older adults involves 

maladaptive emotional responses to hassles associated with loss of capacity to engage in daily 

activities.5 Older individuals are prone to deteriorating health and functioning that influence 

emotional health. With advancing age, there is an onset of chronic conditions, sensory 

impairments, and activity limitations. For instance, chronic medical conditions such as 

cardiovascular disease and diabetes are associated with anxiety and depressive disorders.169,170 

Genetic characteristics may also be responsible for depressive symptoms.171,172 The increasing 

limitations associated with age or that are associated with genetic characteristics may increase 

daily hassles and reduce an individual’s sense of control over the environment,5,8 resulting in 

depressive symptomatology. The progressive diminishment of physical functioning associated 

with aging may additionally result in a diminished sense of mastery over the physical 

environment or worse “fit” between the physical environmental demands and the capacity of the 

older individual that could generate anxiety and enduring emotional distress.3,13,14  

NIFs, FRIs, and Depressive Symptoms: Multiple Potential Pathways 

Given observed relationships between depressive symptoms, disability, and other health 

indicators,79,158,164,169,170,173 it is perhaps unsurprising that associations between falls and 

emotional distress have been observed.35,120,121,174-177 Numerous studies have observed significant 

associations between depressive symptoms and falls or multiple falls119-122,178-180 and several 

studies have noted a relationship between fractures and depression.52,119,181 However, the 

directionality of the observed relationship and temporal spacing between falls and depressive 

symptoms has not been elaborated. NIFs and FRIs often result in diminished physical capacity 

but also increased fearfulness,115,182-184 which can result in restricted activities and altered social 

roles and thus may result in lower levels of social support and increased emotional distress.185 
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Activity restriction results in poor psychosocial functioning.115,116 falls may also affect roles and 

older adults’ self-perception, leading to psychological distress.186-188  

Evidence for the Three Pathways Between Depressive Symptoms and Falls 

Several pathways relating falls and depressive symptoms and/or emotional distress have 

been proposed.38 These are: (1) a depressive symptoms—falls pathway, (2) a falls-depressive 

symptoms linkage involving shared risk factors, and (3) a falls-depressive symptoms pathway.  

In support of the first hypothesized pathway, a depressive symptoms—falls pathway, a 

meta-analysis35 and other studies have observed significant associations between depressive 

symptoms and falls or multiple falls.119,178 Prospective cohort studies have found associations of 

large magnitude for falls and depression among study participants with baseline depression.120-

122,178 These results have been observed in multiple populations, including among older adults 

following stroke.179 One explanation for these findings is that persons with depressive symptoms 

are more likely to report difficulty walking.180 Studies also show that depression or psychiatric 

conditions are associated with decreased bone mineral density,189,190 which in turn is associated 

with falls and hip fractures.191,192 

 In support of the second depressive symptoms and falls/FRI pathway, a falls-depressive 

symptoms linkage involving shared risk factors, Biderman et al. (2002)38 observed several joint 

risk factors associated with both falls and depressive symptoms: self-rated health and physical 

activity, medical problems (heart disease, hypertension, diabetes, chronic obstructive pulmonary 

disease, and others), life satisfaction, and social activities. In partial support of this hypothesis, 

associations between cardiovascular disease42 and physical activity40 with hip fracture have been 

observed, although there have been mixed findings for the association of  diabetes193 with hip 

fracture in epidemiological studies. Also, executive functioning, which allows individuals to 
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cognitively process information while performing other tasks simultaneously, declines as adults 

age,194 thus potentially resulting in greater fall risk. Depression and cognitive status, which are 

associated with age and fall risk, are both associated with poor executive function.39-41,194  

In support of the final, proposed depressive symptoms and falls/FRI pathway, a falls-

depressive symptoms pathway, major life events among older adults are known to lead to major 

depressive disorders or increased depressive symptoms.6,52,165,195,196 Also, there are indications 

that falls are related to anxiety and fear, as well as activity restrictions and decline in social 

interactions and possibly self-esteem and mood,48,52,182 which may result in increased depressive 

symptoms. Activity restriction has been shown to result in poor adaptive outcomes regarding 

mental health.115,116 For instance, among 99 community-dwelling adults ages 55 years and older, 

individuals who were more engaged in ADLs and IADLs had lower levels of fear of falling, 

anxiety, and depression.115,116 However, few studies have explored this third potential pathway. 

Several studies have noted a relationship between fractures and depressive symptoms52,119,181—

perhaps due to effects from loss of functional independence, including high rates of 

institutionalization and a 26% 1-year mortality rate47—although the level of depressive 

symptoms may become reduced over time.54   

 These three pathways may also multiply exist such that the first pathway occurring leads 

to greater likelihood of the existence of the second pathway. Thus, a cyclical effect may occur in 

which falls create enhanced health risks, perhaps explaining the significance of certain falls—

and, in particular, FRIs—among older adults in terms of morbidity and mortality. 

Potential Limitations with Existing Studies on Depressive Symptoms and Falls 

Overall, among the studies examining the association between falls and depressive 

symptoms, some are cross-sectional176,177 and thus do not describe causality, others are 
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longitudinal but the settings are in foreign countries,38,176,178,197,198 over a decade old,122 restricted 

to a non-representative local study sample,38,120 or limited time at follow-up.38 Of the several 

studies directly examining the falls—depressive symptoms causal pathway,47,52,54,181 one is a 

study of foreign subjects, and another is confined to a small, local cohort52 and thus is not 

representative of the U.S. community-dwelling older adult population. The most relevant study 

for the proposed research is Bentler (2009),47 a study that used a longitudinal, nationally 

representative sample of 5,511 older Americans discharged from the hospital with hip fracture 

and assessed a number of functional outcomes, mortality, and placement status for those 

individuals. However, the study provided only unadjusted, descriptive statistics for functional 

status outcomes such as depressive symptoms. Thus, the study does not offer valid estimates or 

unbiased estimates of a causal association between hip fractures and depressive symptoms.  

The study aims to rectify these limitations by using a representative sample of 

community-dwelling older adults, examining the three potential pathways simultaneously in 

order to address the temporality of the relationships.  

Healthcare Costs Associated with Falls 

A number of studies have examined injuries and health system as well as other costs both 

in the U.S. and abroad over the past 20 years. However, knowledge of the costs of FRI-related 

utilization is limited. A 2010 systematic review observed an average fall cost of $1,059-$10,913 

and average fall-related hospitalization costs of $5,654-$42,840.199 These wide variations in prior 

cost estimates may be due to variability in study populations, data used, approaches used to 

assess FRIs, and study methodology (see Table 8-1 in the Appendix for a summary of applicable 

studies). Study settings have been within a city87 or state,200-204 but also the entire U.S.205-207 or 

abroad.208-210 In U.S.-based studies, researchers used hospital discharge data,200,211 private health 
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plan patient discharge201,202,207 and survey data,87,211 while few included national, Medicare 

data.205,206 In terms of identifying FRIs, several used self-reported falls87,212,213 while others used 

variations in claims-based FRI identification methods200-203,205-208,210,211,214 or a trauma registry 

and medical records.204 These methods can vary considerably in terms of their sensitivity and 

specificity in identifying FRIs. Many studies not control for207,212,213 or used claims data to 

control for sociodemographic and health characteristics201,202,206 while others did not use 

multivariate regression techniques to isolate the portion of FRI-related costs attributable to 

FRIs.212 There is also limited research about the persistence of high costs following FRIs201 and 

the service component costs associated with FRIs.202 

Fall-related Cost Studies Applicable to U.S., Community-Dwelling Older Adults 

Several U.S.-based studies focused on the community-dwelling population but had 

limitations. Rizzo et al. (1998)87 looked at 1,103 participants ages 72 and older from New Haven, 

Connecticut using inpatient, ED, and home health care files from the Health Care Financing 

Administration linked to the Connecticut Long-Term Care Registry. The study did not include 

outpatient, durable medical equipment, or hospice data. Importantly the study is 15 years old and 

not generalizable to the U.S. older adult population due to its localized study population and 

because it did not use costs that are representative of the types of services used by fallers or those 

with FRIs (e.g., home health, outpatient services, and durable medical equipment).  

Shumway-Cook et al. (2009)212 used the 2002 falls supplement of the Medicare Current 

Beneficiary Survey to estimate costs for 12,669 Medicare beneficiaries ages 65 and older. 

Because it did not adjust for differences between fallers and non-fallers in characteristics that 

might have independent effects on costs, it does not offer unbiased cost estimates.  
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Carroll et al. (2005)213 used self-reported data regarding falls and fall-related treatments 

from 4,025 consumers from the 1997 Medical Expenditure Panel Survey (MEPS) to compute 

expenditures for fall-related treatment across a number of treatment settings or modalities. The 

study’s use of survey-reported utilization (including asking respondents to recall whether 

treatment was fall-related) suggests the study may also have biased cost estimates.  

Additional Fall-related Cost Studies of Interest  

Stronger study designs have been used to estimate fall-related costs, but also have 

limitations. Carroll et al. (2008)215 used a retrospective study design comparing costs before and 

after an index fall to estimate cost differences among institutionalized fallers and non-fallers. The 

study employed propensity-score matching, adjusted for a number of baseline characteristics and 

also established comparable pre- and post-fall periods for fallers and non-fallers. While 

methodologically strong, this study’s estimates are not generalizable to the community-dwelling, 

older adult population in the U.S. Bohl et al. (2010 and 2012)201,202 have limitations in risk-

adjustment and in generalizability. In both studies,201 the authors performed a longitudinal 

analysis of costs over a three-year period among older adults enrolled in a Medicare Advantage 

program in Washington State. The study identified FRIs using a broad definition that is neither 

sensitive nor specific: the study used both external cause of injury codes (e-codes) and ICD-9 

diagnostic codes for fractures, dislocations and sprains, intracranial injuries, and contusions with 

intact skin surfaces. This method is likely to overcount FRIs, as many dislocations, sprains, and 

contusions, as well as some fractures are unlikely to be fall-related. The studies were also only 

able to control for age, sex, and a “risk score” measuring the subject’s comorbidity level (but not 

income or educational level or prior history of falls); further, the study only assessed FRIs among 

individuals who were hospitalized fallers (thus potentially ignoring FRIs observed in the ED or 
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other care settings). Bohl et al.’s more recent study (2012)202 provides cost estimates for the 

same study population according to the severity level of injury and by type of service utilization. 

The study also suggests that higher costs among fallers could extend up to two-and-a-half years 

following an index fall. The authors observed that the large increase in hospitalized fallers’ 

expenditures in the quarter following the index date are mainly associated with inpatient and 

post-acute care and that the cost components associated with increased medical costs varied over 

time after the index date. The majority of the existing cost studies also do not control for pre-

index costs (i.e., costs prior to the date of the FRI or the index date defined for the non-FRI 

cohort), which can result in overestimates of FRI estimates.206 

In contrast to these prior studies, the study population will generalize to the community-

dwelling older adult Medicare fee-for-service population and will control for a comprehensive 

set of risk factors that potentially confound the relationship between falls, FRIs, and Medicare 

FFS costs. The study uses a broad range of Medicare data that are appropriate for estimating the 

types of costs that older adults are likely to incur after experiencing falls and FRIs and utilizes a 

pre-post comparison design that may be better able to isolate FRI costs compared to prior studies. 

Introduction to Conceptual Framework for Falls and Age-related Disability 

This section briefly presents concepts and existing conceptual frameworks that may apply 

to falls as an introduction to the development of revised conceptual models for use in this 

dissertation. A more nuanced discussion of these frameworks is provided in the Appendix (in the 

Extended Discussion of Conceptual Framework section). Conceptually, NIFs and FRIs appear 

related to each of: (1) biomechanical and physiological processes of aging and disablement, or 

“health and age-related,” (2) health-related behaviors, activities, and the environment, or 

“behavior-oriented and environmental factors,” and (3) decision-making capacities and execution. 
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It is proposed that predisposing and precipitating risk factors traditionally used to characterize 

falls among older adults can be linked to these three broad concepts. In assessing the traditional 

risk characteristics as concepts, the dissertation can apply insights from conceptual frameworks 

to understand relationships of risk factors to falls and of falls to fall-related outcomes. The 

connection of falls to these concepts is assumed (and elaborated on in the next chapter).  

Applications of Psychology-based Behavioral and Medical Conceptual Models for Falls  

The three, proposed fall-related concepts listed above are used in existing conceptual 

frameworks, which are described below. As noted above, because of their (1) health and age-

related (2) behavior-oriented and environmental, and (3) decision-making components. Falls 

evoke questions regarding aging and disability, the environment and health behaviors, as well as 

why older adults engage in certain behaviors. In conceptualizing falls, then, an understanding of 

physical health/functioning, environmental, as well as cognitive and behavioral components is 

required. As discussed below, several theories elucidate these concepts. The Disablement 

Process Model (“DPM”)73,74,109,216-219 illustrates the process of becoming disabled, where 

disability is a mismatch between personal abilities and social roles. Behavior-environment 

relationships have been examined in environmental gerontological models such as Person-

Environment Fit (“P-E Fit”) theory. The motivation behind older adults’ engagement in 

behaviors and activities is described in motivational locus of control theory.  

The Disablement Process Model: Defining Disability and the Pathways to Disability 

 The Disablement Process Model (DPM)11,12,109,219 provides insight into falls by 

differentiating between types of health status and conditions that predict falls. Health-related 

falls risk factors are often lumped together, but the DPM classifies these risk factors. Moreover, 

the DPM allows for an understanding of falls as resulting from both personal, health-related 
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factors as well as environmental risk factors. Thus, the model covers the aging and health status 

concept listed above and touches on the second concept by addressing environmental risks 

associated with falls.  

 In the DPM, disability is defined as a gap between “a person’s intrinsic capabilities and 

the demands created by the social and physical environment”220 (see Figure 2-1 below). 

Disabilities include limitations in performing activities of daily living (ADLs), such as eating, 

sleeping, toileting, bathing, and dressing, and instrumental activities of daily living (IADLs) such 

as preparing meals, buying groceries, and using the phone. Essentially, disability is a mismatch 

between personal abilities and the social roles and responsibilities of an individual. Additionally, 

given linkages between disability-related factors and falls, it is easy to apply the DPM to falls. 

For further discussion of the DPM see the Appendix section (“An Overview of the DPM, with 

Illustrations, and Model Terminology”). 

 The DPM and its applications to falls are as follows: 

1. The model describes the disablement process and categorizes types of health status and 

physical functioning. The model indicates that declining health can lead toward 

disablement, but also “feed back” toward acute pathologies such as falls. 

2. Factors affecting older individuals’ personal “capability” (defined below) and how older 

individuals experience physical and social environmental demands can influence the 

progression toward disability and, through feedback effects, toward falls. Thus, falls may 

be both part of the disablement process and a result of mismatches between individual 

capability and physical and social environmental demands. 

3. A number of these DPM risk factors are concordant with known fall risk factors. Thus, 

the model seems to have validity with respect to its applicability to falls. 
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4. The DPM suggests that personal assistance (i.e., caregiving) can influence fall risk. Thus, 

the model (or parts of the model) may be useful in testing the relationship between 

caregiving assistance and fall risk, which is the dissertation’s first research question. 

5. Disablement also includes pathways toward emotional distress and so the DPM can be 

used to predict increased depressive symptoms from falls. Thus, the model (or parts of 

the model) may be useful in testing the dissertation’s second research question. 

In all, the DPM suggests that disablement is associated with poor matches between 

environmental demand (expectations of social roles and responsibilities) and personal 

capability (physical functioning, underlying health) and thus both environmental demand and 

personal capability are factors influencing fall risk. Notably, the DPM does not explain how 

mismatches between this demand and capability result in disablement—better explanations 

of this process are provided by the P-E Fit theory, discussed below. 

Person-Environment Fit Theory 

P-E Fit theory and its precursor, the ecologic theory of aging and its “press-competence” 

model, also have applications for falls and this dissertation’s research questions. This theory 

helps describe the ways in which the environment might influence an older individual’s 

behavioral and emotional adaptation, or performance. The model is similar to the DPM in that 

mismatches between environmental demand and personal competence can result in maladaptive 

responses. In the DPM, these maladaptive responses are categorized as disablement, while in P-E 

Fit theory, they are categorized as behavioral and emotional “performance.” P-E Fit theory is 

also more explicit than the DPM in its definition of the environment, by identifying the 

environment’s physical but also social attributes. As a brief overview, P-E Fit theory13,14 

highlights the environment’s role in relation to the individual in shaping health-related outcomes. 
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In P-E Fit theory, performance reflects an individual’s adaptation—both behavioral and 

emotional—to her environment while competence involves biological health, sensory and motor 

skills, and cognitive function. Environmental “press” (or demand), and personal competence (or 

performance), together—rather than simply the aging process alone—affect performance, with a 

range of potential optimal and sub-optimal outcomes.74,216 This range of outcomes is dependent 

on the extent to which the individual’s competence is in alignment with, but also challenged by, 

the press of the environment. Increased levels of environmental stimulation can improve an 

individual’s adaptation and thus her performance, though over-stimulation can result in poorer 

behavioral and emotional responses that result in poorer performance. For a fuller discussion of 

this theory, see the Appendix (the “An Overview of P-E Fit Theory” section).  

In summary, P-E Fit theory:  

1. Asserts that relationships between environmental pressures, or demand, and individual 

competencies to manage that demand are responsible for individual performance. It is not 

the environment and individual competency by themselves, but rather the “fit” between 

environment and competency that explain how older adults function. 

2. Indicates that environmental factors serve three functions: maintenance, stimulation, and 

support. Thus, P-E Fit theory explains why the environment is important to older adults 

with respect to older adult functioning, including potential falls. 

3. Suggests that environmental factors other than physical characteristics influence 

performance. The social environment thus may be of significance for performance. This 

means that social characteristics of the environment such as caregiving assistance may 

have a role in determining how older adults behave, and thus in the potential for falls. 



 35

4. Since falls can both indicate and enhance poor performance and thus poor fit between 

environmental demands and individual competency, P-E Fit theory suggests that falls 

may result in increased emotional distress among older adults. 

Motivational Locus of Control: Applications to Cognitive/Behavioral Aspects of Falls 

Finally, additional theory can further elaborate the DPM and P-E Fit theory by explaining 

more about the mechanisms relating environmental demand-personal capability mismatch and 

older individuals’ behavior. Under motivational locus of control theory,1 loss of control can 

affect the ability to function capably within the environment: “Humans desire to produce 

behavior-event contingencies to exert primary control over the environment; humans abhor 

losses in their ability to produce behavior-event contingencies and experience negative affect 

when faced with anticipated or actual losses of control; pivotal events are those that increase, 

decrease, or threaten existing levels of control; primary control involves attempts to change the 

world so that it fits the needs and desires of the individual; secondary control refers to attempts 

to ‘fit in with the world and to flow with the current’"1 (p. 285). By managing control strategies, 

an individual can prevent disability and other indicators of mismatch by directly or indirectly 

regulating the “fit” within the system, thus avoiding “mismatch” of the person and the 

environment. Control strategies are particularly important for managing acute incidents such as 

falls as opposed to “uncontrollable” chronic illnesses. For further discussion of this theory, see 

the Appendix (“Extended Discussion of Motivational Locus of Control Theory”). 

Motivational locus of control theory has several applications to falls: 

1. The theory provides an explanation for how older adults behave and act. The explanation 

is based upon the desire to control the environment. Control is greater where individuals 

are best able to predict the outcomes of their behaviors. 
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2. Since falls involve behavior or activities (or, precipitating factors), this theory suggests 

that falls can be due to difficulties predicting outcomes of behaviors. This explanation of 

falls accords with evidence about older adults ignoring or not understanding fall risks. 

3. Locus of control theory involves two types of control strategies—primary and secondary 

control. Primary strategies are direct efforts directed outward toward the environment 

while secondary strategies are directed inward and may involve emotional adjustments. 

4. Thus, this theory can explain falls prevention efforts such as environmental management 

or improvement of posture, balance, and gait (primary strategies) and use of caregiver 

assistance or reduction in physical and/or social activities (secondary strategies) that in 

turn affect fall risks. 

5. Since lack of control can result in emotional distress, the theory also helps explain the 

potential for increase in depressive symptoms amongst fallers whose experiences suggest 

a loss of control of their environment. 

 Table 2-3 below provides a summary of the three conceptual frameworks presented 

above, including potential applications of these frameworks to falls and falls risk factors. 

Table 2-3. Summary of Three Fall-related Concepts: How Risk Predictors Associated with Those Concepts 

are Traditionally Represented in the Falls Literature and How Existing Conceptual Frameworks Can Be 

Applied to Falls 

Connections 

between Falls 

and Concepts 

1. Aging and Disablement 

Concept 

2. Health-related Activities 

Concept 

3. Decision-making Capability 

Concept 

Traditional 
Categorization 
of Risk 
Factors 

Predisposing risk factors Precipitating risk factors and 
extrinsic risk factors 

Not Discussed 

How Falls are 
Associated 
with Concept 

Age linked to fall risk; health 
status and functioning strongly 
linked to falls; health status and 
functioning (biomechanical and 
physiological factors) related to 
aging and representative of 
disablement 

Environmental, safety 
hazards and activity-related 
risk factors 

Cognitive abilities, locus of 
control, social cohesion, social 
support, information and 
knowledge about fall risks 

Specific Risk Age, gender, chronic illnesses Loose carpeting and rugs, Cognitive impairment and 



 37

Connections 

between Falls 

and Concepts 

1. Aging and Disablement 

Concept 

2. Health-related Activities 

Concept 

3. Decision-making Capability 

Concept 

Factors (heart failure, diabetes, arthritis, 
neuromuscular and foot 
disorders, depressive 
symptomatology), hearing and 
visual impairment, executive 
and cognitive functioning, gait, 
balance, and postural problems, 
muscular weakness 

inadequate lighting, 
handrails, grab bars for 
showers and toilets, stairs, 
wet or slippery surfaces; 
slips, trips, stumbles, 
hurrying, getting up or 
down, reaching, pushing or 
pulling objects  

 

executive functioning, self-
control, caregiver assistance, 
positive and negative 
family/friend/other support 

Conceptual 
Framework 
Useful for 
Assessing 
Falls 

Disablement Process Model, 
which describes how older 
pathways from chronic and 
acute illness (via impairment 
and functional limitation) 
toward disability 

Person-Environment Fit 
Theory, which describes 
how mismatches between 
personal capability and 
environmental pressures can 
result in poor “performance” 
(i.e., maladaptive behavior 
or emotional responses), and 
Disablement Process Model 

Motivational Locus of Control 
Theory, which describes how 
individuals aim to control their 
relationship to their 
environment by understand 
behavior-event contingencies 
(i.e., how behavior/activities 
will result in certain outcomes, 
such as falls) 

 

Contribution to the Literature 

In terms of falls, the dissertation covers new ground in several ways. First, the 

dissertation examines the role of caregiving assistance with respect to falls risk among older 

adults, a previously unexamined relationship with potential implications for falls prevention and 

risk management. Generally, there is limited research on the outcomes among care recipients 

associated with receipt of caregiving. In particular, there is no research that was located assessing 

whether caregiving has an impact on fall risk. If such assistance is useful in preventing falls 

among older adults, then a public health management approach to falls prevention should 

incorporate caregiver engagement; if such assistance is not helpful in reducing risks, then 

caregiver training and education should be emphasized. 

Second, the dissertation examines potential cyclical, temporal relationships between 

falls/FRI and depressive symptoms. While similar relationships (involving disability and 

emotional health) have been explored previously and a literature on falls and depressive 
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symptoms exists, the temporal relationships of falls and emotional health remain unexplored. 

Significant associations observed in prospective studies may be due to the fact that there are joint 

causes of both falls and depressive symptoms. By ignoring this possibility with cross-sectional 

study designs, researchers may be mistaking significant findings as indicating a depressive 

symptoms-falls relationship that is either less strong than the results suggest or that does not 

actually exist. Second, by ignoring the possibility that falls also result in later depressive 

symptoms, much of the research on this topic ignores the various temporal aspects that may 

pertain to the relationship. As such, some studies may overstate the strength of the relationship 

between depressive symptoms and later falls. This dissertation aims to account for these study 

design issues while examining clinically important depressive symptoms-falls associations. 

Third, given the interest in falls as a community-wide public health concern and as a 

growing topic of interest among researchers and policy makers, updated estimates of the costs of 

falls can be of use in assessing the value proposition of falls prevention. Prior research does not 

provide recent unbiased and nationally generalizable estimates of costs associated with falls. 

This study’s cost estimates may be useful for future research assessing the cost-effectiveness of 

falls prevention efforts and potentially in discussions of a Medicare falls benefit. For background 

information on Medicare policy as it currently relates to falls, see the Appendix section, 

“Background on Medicare Policy as it Relates to Falls.” 
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Chapter 3 : Conceptual Models 

This dissertation relies on existing conceptual frameworks that address topics related to 

falls among older adults in order to create several new, revised conceptual models. The new 

conceptual models discussed below are used to understand relationships between various risk 

predictors of interest and falls as well as between falls and several outcomes of interest. 

Specifically, the models are used to test hypotheses regarding the dissertation’s three research 

questions, which involve relationships between falls and caregiving assistance, emotional 

distress, and medical costs. Chapter 2 provided brief overviews of three existing conceptual 

frameworks that are referenced in this chapter—the DPM, P-E Fit theory, and the motivational 

locus of control theory. This chapter provides illustrations for and descriptions of three revised 

conceptual models that builds upon information provided in those frameworks. The three revised 

conceptual models are (1) a model that illustrates pathways involving caregiving assistance and 

falls, (2) a model that illustrates pathways between falls and emotional distress and (3) a model 

that illustrates pathways between falls and marginal medical costs.  

A Conceptual Model Involving Falls and Caregiving Assistance 

The conceptual model (see Figure 3-1) below illustrates concepts involved with 

caregiving assistance, other predictor and potential confounder concepts, and falls. The model 

shows the relationships between confounder concepts and predictors of interest and the outcome 

variables, NIFs and FRIs. The various relationships illustrated in the model will be described 

below (and the model terminology and notation will also be explained). First, as a brief 

overview, there are three direct, conceptual causes of falls shown in the model. These direct 

causes are: (1) physical and emotional health status, (2) adaptation (including both behavior-

oriented and emotional), and (3) medication use. Each of these causes were discussed in Chapter 
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2 and are similar to the broad categories of risk factors typically used in examining fall risks.33 

However, adaptation will be treated as an omitted mediating variable in analyses and thus the 

study will also be examining several indirect relationships involving factors leading to fall risk 

through adaptation. These indirect relationships, discussed below, involve caregiving assistance, 

the physical and social environment, and physical and emotional health status.  

In Figure 3-1 below, pathways are numbered when the pathway reflects the relationship 

that will be estimated in analytic models. Certain model predictors have several pathways 

connecting them to the outcome variable of interest in the conceptual models presented in this 

chapter. But, because the study controls for variables that proxy for many of the model concepts, 

some of the pathways in the conceptual models reflect relationships among covariates that do not 

affect the regression specification. For instance, the study will control for the relationship 

between physical and emotional health status and falls mediated by medication use by including 

as a model covariate a proxy for medication use (i.e., use of psychiatric medication) (see Figure 

3-1). Thus, the regression coefficient of physical and emotional health will reflect arrows 4+6 

and pathway 5, but will not reflect a pathway mediated by medication use. Accordingly, the 

pathway mediated by medication use is not numbered in the illustration below.  

Conversely, numbered pathways in the chapter’s conceptual models illustrate 

relationships that will be estimated in analytic models. That is, pathway 2 illustrates the 

relationship between caregiving assistance and falls that affects the regression specification, 

given that other pathway between caregiving assistance and falls (i.e., pathways mediated by the 

physical and social environment, such as pathway 3) will be controlled in the model 

specification. A concept in a box with dotted lines indicates that the concept will be treated as an 

omitted mediator. For instance, adaptation in Figure 3-1 below is an omitted mediator. 
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Figure 3-1: A Conceptual Model Showing Potential Relationships Between Caregiving Assistance and Falls 

 
 
 
 
 
 
 
 

Note: The numbers in the figure indicate the pathways from potential risk predictors to falls. Arrow 1 depicts a direct pathway between medication use and falls. 
Arrows 2+6 depict a pathway from caregiving assistance to falls mediated by adaptation, after controlling for potential pathways from caregiving assistance to falls 
mediated by physical and emotional health status, the physical and social environment and medication use. Arrows 3+6 depict a pathway from the physical and social 
environment to falls mediated by adaptation and controlling for other pathways. Arrows 4+6 depict an indirect pathway from physical and emotional health status to 
falls mediated by adaptation and arrow 5 depicts a direct pathway from physical and emotional health status to falls.  
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Medication Use 

Starting on the left of the model above, medication use is directly associated with falls, as 

indicated by arrow 1.  As noted in Chapter 2, a number of medications have been associated with 

falls. Typically, psychotropic medications such as antidepressants have been shown to increase 

the risk of falls among older adults. Medication use is also a mediating factor in relationships 

between caregiving assistance and falls as well as between physical and emotional health status 

and falls. As described below, caregivers may be involved in assisting older care recipients with 

medication regimens. Additionally, older individuals with emotional health care needs may use 

psychotropic medications that are related to fall risk.  

Caregiving Assistance 

Caregiving assistance has several indirect pathways to falls. One indirect pathway 

involves adaptation as a mediator, as shown with arrows 2+6. That is, caregiving assistance can 

alter the behaviors and activities of care recipients. This assistance can lower fall risk by helping 

prevent risk-taking activities. Caregiving assistance can also affect falls by affecting an older 

individual’s (a) medication use, (b) an older individual’s physical and social environment, and 

(c) an older individual’s physical and emotional health. In terms of (a), caregivers are likely to 

provide guidance to older individuals with respect to medication regimens. (Caregivers are often 

included with care recipients when clinicians provide care plans involving medication regimens.) 

In terms of (b), caregivers may also address home hazards that put older individuals at risk for 

falls. Caregivers also can provide social support (or potentially fail to provide support), which 

can affect older individuals’ behaviors and activities; such behaviors and activities, in turn, may 

be associated with fall risk. In terms of (c), caregivers often provide assistance with ADLs and 

IADLs as well as use of health care services and thus may affect older care recipients’ physical 
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and emotional health status. (Social support provided by caregivers may also improve care 

recipients’ emotional health status, as indicated by the arrow from physical and social 

environment to physical and emotional health status.)  

These three relationships, (a)-(c) are shown with arrows from caregiving assistance to 

each of these three concepts. Thus, the pathway shown by arrows 2+6 (the pathway of interest in 

these analyses for the dissertation’s first research question) illustrates the association of 

caregiving assistance with falls, controlling for associations mediated by relationships described 

in (a)-(c), medication use, the physical and social environment, and physical and emotional 

health. 

Physical and Social Environment 

Arrows 3+6 indicate the pathway of interest involving the physical and social 

environment and falls. The physical environment may increase fall risk by introducing hazards in 

the home that can cause slips, trips, or stumbles leading to falls. In the terminology introduced in 

Chapter 2, the physical environment can increase demands on the individual that surpass the 

individuals’ ability to “perform” within the environment. Thus, a home with a number of hazards 

may not be manageable and thus be conducive to greater fall risk for the inhabitant. The 

dissertation studies also conceptualize the social environment as potentially introducing demands 

on the individual that may surpass the individual’s ability to perform within the environment. 

Conversely, a social environment that is supportive to the older individual may “stimulate” the 

individual and lead to better physical “performance” by the individual. Better physical 

performance in turn can reduce fall risk for that older individual. (See Chapter 2 for a discussion 

of environmental demand and individual-level physical performance.) 
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Note that the physical and social environment may also have an indirect association with 

falls that is mediated by physical and emotional health status. For instance, the physical and 

social environment may affect physical functioning, disability, and/or emotional health if the 

environment is such that older individual remains sedentary much of the time. Sedentary 

behavior in turn may result in loss in physical functioning (i.e., difficulty with performing 

activities like walking, climbing stairs, getting out of a chair), disability (inability to perform 

typical activities and roles), and isolation leading to emotional health issues. Pathway 3+6 is thus 

the association between the physical and social environment and falls after controlling for the 

indirect association of the physical and social environment and falls that is mediated by physical 

and emotional health. 

Physical and Emotional Health Status 

Pathway 4+6 shows the relationship between physical and emotional health status and 

falls, mediated by adaptation. As suggested by P-E Fit theory, this relationship suggests that an 

older individual’s personal “competence” (which reflects physical and emotional health status) is 

an important factor in determining “performance” within the environment. As discussed below, 

the term adaptation is used to represent how an individual performs, or responds to 

environmental demands given a certain physical and emotional health status. Note that, with this 

type of interpretation of P-E fit, this model uses a “transactional,” as opposed to an “interaction” 

P-E Fit model. (See Chapter 2 as well as the Appendix for a discussion of competence, 

performance, adaptation, and transactional/interaction P-E Fit models).  

Physical and emotional health status also directly affect fall risk (arrow 5). As discussed 

in Chapter 2, the DPM indicates that any of chronic illnesses, sensory or cognitive impairments, 

functional limitations, or disability may result in acute injury. The DPM describes the 
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mechanism as involving “feedback effects” that can result in acute pathology. Thus, physical and 

emotional health status can affect the risk of falls. A number of chronic conditions, including 

heart disease and high blood pressure, have been associated with fall risk. Sensory (visual, 

auditory, or cognitive) impairment may lead to difficulty among older individuals in terms of 

assessing fall risks while walking. Functional limitations, including gait and balance difficulties, 

are also known to increase fall risks and disability is also linked to fall risk. 

Given the two pathways (arrows 4+6 and arrow 5) described above, the relationship 

between physical and emotional health status and falls as estimated in model analyses will 

involve both direct and indirect associations. Note also that physical and emotional health status 

is a mediator in other relationships involving falls. (It mediates pathways between caregiver 

assistance and falls and between physical and social environment and falls.) These pathways 

have already been described. 

Adaptation 

As already discussed, adaptation refers to behaviors and activities that result from the 

transaction between the environment and the individual, as well as from caregiving assistance. 

Adaptation is discussed in depth in Chapter 2. Briefly, where an older individual has a good 

person-environment fit (such as where the older individual is stimulated by the environment and 

has the “competency” to perform well within the environment), then the individual will have a 

high adaptation level. If the physical and social environment imposes too many demands on the 

individual relative to the individual’s competency level (i.e., physical and emotional health 

status), then the individual will have a lower adaptation level and may engage in “risky” 

behaviors or activities. That is, the older individual could use stairs without holding onto the 

handrail or go outside in icy weather to go shopping. Thus adaptation could be improved by 
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making adjustments to the physical and social environment (e.g., putting home safety devices in 

place, such as stair guardrails and bathroom grab bars, or by participating in social activities so 

as to avoid social isolation) or by having improved physical and emotional health (e.g., getting 

corrective lenses, using a walker, engaging in muscle strengthening exercises). 

Caregivers can assist with these processes and thus help to increase adaptation levels 

among older adults. Caregivers can do so indirectly by assisting with changes to the environment 

or by helping the older individual improve her physical and emotional health. Or, caregivers may 

directly affect adaptation levels by observing and engaging with the older individual with respect 

to daily activities and behaviors. For instance, a caregiver may discourage the older individual 

from walking outside on icy surfaces or reaching for objects in high cabinets. Thus, the caregiver 

may help the older care recipient in terms of understanding limitations in personal competency 

with respect to environmental demands. Thus, adaptation is central to the model’s understanding 

of how falls occur and how they may be prevented. 

A Conceptual Model Involving Emotional Distress and Fall Risk  

 The next conceptual model presented below (Figure 3-2) illustrates the relationship 

explored in the dissertation’s second research question—the relationship between falls and 

emotional distress. This conceptual model is related to the prior conceptual model (shown in 

Figure 3-1), but it includes emotional distress as a concept that is an outcome (in addition to a 

predictor) of falls and also includes several other concepts that are associated with emotional 

distress. The model also indicates that emotional distress and falls may result from joint causes. 

Thus, the model illustrates the three potential pathways relating emotional distress and falls (as 

discussed in Chapter 2) and allows for testing of the hypotheses associated with the dissertation’s 

second research question (see Chapter 1).  
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Figure 3-2: Conceptual Model Showing Potential Relationships Between Adverse Life Events and Emotional Distress 

 

   

 

 

 

 
 
 

 
 

 

 
 

Note: The numbers in the figure indicate the pathways from potential risk predictors to subsequent emotional distress. Arrow 1 depicts the direct pathway between 
physical and emotional health status and subsequent emotional distress, after controlling for several mediators (psychological treatment and adverse life events). As 
described in Chapter 5, “subsequent emotional distress” refers to distress measured at a later point in time relative to the risk predictors. Note that psychological treatment 
will not be controlled for in analytic models predicting emotional distress. Arrows 2+3 depict the pathway between adverse life events—such as NIFs/FRIs—and 

subsequent emotional distress. This pathway is mediated by strain and chronic stress, which will be an omitted mediator in analytic models.  
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Adverse Life Events 

The concept “adverse life events” refers to significant events that adversely affect an 

individual, such as a significant loss (of a loved one or friend), violence, illness, or natural 

disaster. As will be discussed below, according to this model, adverse life events—which include 

falls—can be predicted by physical and emotional health status and by what is here called 

“subsequent emotional distress.” The meaning of this latter term is discussed below. “Other 

predictors of life events” can also predict adverse life events. Additionally, adverse life events 

are indirectly associated with subsequent emotional distress through the mediator, strain and 

chronic stress (see pathway 2-3). Adverse life events can result in increased strain (interpersonal 

strain among family members, financial strain, job strain for older individuals still working) as 

well as chronic stress that is the cumulative effect of stressful episodes over time. Strain and 

chronic stress will also be discussed further below. Finally, adverse life events can indirectly 

affect subsequent emotional distress through the mediator, physical and social environment.  

Other Predictors of Adverse Life Events 

“Other predictors of adverse life events” are directly associated with adverse life events. 

“Other predictors of adverse life events” refers to predictors that were indicated in the first 

conceptual model above (Figure 3-1) and are distinct from the additional predictors included in 

this model (Figure 3-2). The predictors in the first conceptual model were used to predict falls, 

conceptualized here as one type of adverse life event. The predictor (that was listed in the first 

conceptual model but is not mentioned in the conceptual model below) is caregiving assistance.  

Physical and Emotional Health Status 

As discussed earlier, physical and emotional health status can be related to adverse life 

events such as falls through adaptation. The DPM (discussed in Chapter 2) described how 
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chronic illness, sensory and cognitive impairment, functional limitations, and disability can result 

in “feedback effects” leading to falls. Similarly, these factors can be predictors of other adverse 

life events, such as an unexpected loss of a job or a life-threatening illness. Unexpected job loss 

could be due to deteriorating health. For instance, an older individual still working could be 

forced to quit work (considered an adverse life event) if she experiences increased sensory 

impairment or if she has an acute illness. Underlying health conditions can lead to an acute, life-

threatening illness (also considered an adverse life event).  

Physical and emotional health status can also directly or indirectly affect subsequent 

emotional distress. Arrow 1 indicates that physical and emotional health status can directly result 

in subsequent emotional distress. This distress could be due to increased stress or difficulties 

associated with physical and emotional health. As discussed earlier, these limitations may reflect 

issues with person-environment fit. P-E Fit theory suggests that inability to meet the demands of 

the environment (whether the physical or social environment) may lead to maladaptive emotional 

responses. For instance, an older individual who has functional limitations may be unable to 

engage in activities such as going shopping or visiting with grandchildren. This inability to 

engage in certain activities can result in frustration, isolation, and stress. Emotional health issues 

can also result in restricted social engagement and physical exercise. Thus, poor emotional health 

can result in social isolation and lack of physical activity, which in turn—as with physical health 

issues—can result in increased stress levels. Thus, both physical and emotional health can 

directly generate subsequent emotional distress.  

At the same time, physical and emotional health status may also indirectly generate 

subsequent emotional distress. The arrows connecting (a) physical and emotional health status 

and strain and chronic stress and then (b) strain and chronic stress and subsequent emotional 
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distress illustrate this indirect pathway. With this pathway, emotional distress is not generated 

directly but rather involves accumulation of strain and chronic stress. The relationship between 

strain and chronic stress and subsequent emotional distress will be discussed below. 

Genetic Predisposition and Early Childhood Environment 

Emotional distress has been linked with genetic characteristics. Due to genetic 

predisposition, certain individuals may be more likely than others to suffer from emotional 

distress. Additionally, early childhood experiences associated with the home, school, and social 

environments in which individuals spend time can affect the likelihood of emotional distress 

later on in life. The levels of resources and opportunities individuals have early on in life and the 

types of relationships and social networks in which they participate and the stressors they 

experience during that period can affect later development, including emotional health in older 

age.161  

Genetic factors and early childhood environment can also affect physical and emotional 

health status later on in life, including older age. Genetic factors are associated with a number of 

chronic health conditions and disabilities while early childhood environment can influence 

behaviors, access to health resources, stress exposure, and other factors that have cumulative 

effects over time and contribute to physical and emotional health status in older age. Social 

networks, cultural perceptions, and the contexts in which events occur are important in 

determining subsequent health, including among older adults.221,222 

Psychological Treatment 

 Psychological treatment is both a mediator and a predictor with respect to subsequent 

emotional distress. In terms of mediation, psychological treatment can result from an older 

individual’s physical and emotional health status as well as from strain and chronic stress. Use of 
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such psychological treatment, including medication use and therapy, can in turn affect the 

likelihood of having subsequent emotional distress.  

Strain and Chronic Stress 

In addition to adverse life events, as discussed above, continued stress or strain over time 

may result in emotional distress.162 Strain and chronic stress can result in subsequent emotional 

distress in a number of ways. These can include the strain of daily hassles involved with age-

related degeneration of health and physiologic effects of chronic exposure to commonly 

experienced stressors. Daily hassles can generate strain that over time can create emotional 

distress. For instance, older individuals with a disability may face daily challenges involving 

getting around, toileting, shopping, or engaging in social activities. The additional hassles 

associated with such activities due to a disability (i.e., taking longer to complete tasks or pain or 

embarrassment associated with such activities) may cause emotional strain. Or, financial or 

family strain associated with disability or other physical or emotional health issues can create 

stressors that accumulate over time. For instance, problems paying for household items or for a 

mortgage may create problems amongst an older individual and a spouse or other family 

members, particularly if other family members financially assist the older individual. Older 

adults may also experience declines in health that lead to a need for assistance from close family 

members or friends. Such needs, as well as the assistance provided by family members or 

friends, can lead to strain within a household that over time may increase emotional distress for 

the older individual.  

Older individuals’ perception of themselves, or their self-concept, may also change over 

time, which can generate strain and stress leading to emotional distress. For instance, becoming a 

care recipient may foster a perception dependency that is a persistent stressor for certain older 
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individuals. Other changes to existing roles played by older individuals can also generate chronic 

stress, leading to emotional distress.1,8,188,223 Older individuals accustomed to baby-sitting, for 

instance, may no longer be able to responsibly supervise grandchildren or do household chores. 

The loss of such roles—which for some individuals may contribute to self-identity—may lead to 

chronic stress exposure. (See Chapter 2 for further discussion of this topic.)  

Strain and chronic stress will be omitted mediators in analytic models and thus are in a 

box with a dotted line. 

Coping  

 Coping is a resource that can be used by individuals to help protect against potential 

negative effects of stressors, including emotional distress.162 Along with social support, social 

integration, mastery and self-esteem, coping is a concept in the “stress process model that helps 

prevent emotional distress.162 This means that certain older individuals may have coping 

mechanisms or attributes that enable them to avoid some or all of the negative effects of strain 

and chronic stressors. In the model above (Figure 3-2), coping is a moderator (the arrow pointing 

out from coping does not lead directly to subsequent emotional distress but instead meets the 

arrow pointed from strain and chronic stress to subsequent emotional distress—this indicates that 

the concept is a moderator in the model). Coping moderates the association between strain and 

chronic stress and subsequent emotional distress. That is, the association between strain and 

chronic stress may vary according to the coping attributes of the older individual. The “impact” 

of coping on an older individual’s subsequent emotional distress may depend upon the level of 

strain and chronic stress experienced by the older individual.  
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Physical and Social Environment 

The physical and social environment is indirectly associated with subsequent emotional 

distress, for reasons previously discussed. Environmental demands that are too difficult to 

manage for an older individual can result in low levels of adaptation and thus strain and chronic 

stress. Also, the physical and social environment can be affected by adverse life events. For 

instance, a family experiencing a loss of a loved one or which is dealing with a sick family 

member may experience interpersonal strain or chronic stress.  

The physical and social environment can also mediate the relationship between adverse 

life events and strain and chronic stress (that in turn may result in increased depressive 

symptoms). For instance, following an adverse life event such as a fall, an older individual may 

undergo rehabilitation and thus forgo social activities by remaining sedentary indoors or within a 

rehabilitation facility. Thus the result of an adverse life event may be social isolation. 

Additionally, following a fall or other adverse life event, the physical environment of an older 

individual may be modified. For instance, grab bars, handrails, light fixtures, bathmats, or other 

safety devices may be implemented. Use of such safety devices may additionally result in strain 

or chronic stress. 

Subsequent Emotional Distress 

 Emotional distress can include a range of maladaptive emotional responses and states. 

For instance, emotional distress can include anxiety, depressive symptoms or clinical depression. 

The term “subsequent” is used to distinguish temporal ordering of model concepts. The study 

involving this second research question uses longitudinal survey data to examine relationships 

between predictors at earlier points in time and outcomes at later points in time. (Further 

discussion of the study design for this second research question can be found in Chapter 5.) That 
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is, physical and emotional health status, psychological treatment, the physical and social 

environment, and other predictors of adverse life events will be measured at baseline, while 

subsequent emotional distress will be measured at two points in time (at two-year and four-year 

follow-up) subsequent to the study baseline period. Accordingly, the term subsequent emotional 

distress is used to distinguish this outcome measured in later time periods from baseline 

predictors, including emotional health status, which are measured in an earlier period. 

A Conceptual Model Involving FRIs and Medical Costs 

 The conceptual model for the dissertation’s third research question illustrates medical 

costs associated with FRIs. The model presents the concepts that are conceived of as predictors 

for the outcome, medical costs. In Figure 3-3 below, the concepts are organized into two 

categories: (1) supply-side and (2) demand-side categories. In a traditional economic framework, 

each of these two categories contributes to the utilization of products and services, including 

medical care services. Medical care utilization is the product of price and quantity and the model 

used to examine this research question includes everything that would affect either or both of 

these factors. 
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Figure 3-3: A Conceptual Model Showing Potential Relationships Between FRIs and Marginal Medical Costs, 

Including Supply and Demand Conceptual Factors 
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Note: The numbers in the figure indicate the direct pathways from potential risk predictors to medical costs. For instance, arrow 1 
indicates the relationship between area price levels and medical costs and arrow 2 indicates the relationship between availability of 
medical care and medical costs. Arrows 5-9 similarly indicate direct relationships between risk predictors and medical costs. One indirect 
relationship is shown. Arrows 3+4 indicate the pathway between availability of medical care and medical costs, mediated by time costs 

for medical care.  
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Area Price Levels 

Beginning on the upper right of the conceptual model (Figure 3-3) with supply-side 

factors, Medicare price levels typically vary by geographic area and thus can affect medical costs 

(see arrow 1). The reimbursements Medicare makes to providers as well as costs to beneficiaries 

when receiving services are adjusted for the local cost of labor relative to the average national 

labor cost. These reimbursement adjustments are applied for Medicare Part A (inpatient-related 

and home health) and Part B (outpatient, physician, and home health) provider payments. 

Adjustments to Part A reimbursements are also made to account for the proportion of low-

income patients served in hospitals. Other market-level factors aside from the local cost of labor, 

such as the level of competition due to the number and/or size of providers in a given area, may 

affect local price levels. These price levels in turn can affect the quantity of medical services 

purchased by older adults enrolled in the Medicare program and they can also affect costs 

directly by affecting the price of care for medical services. 

Availability of Medical Care 

Different areas across the U.S. may have different supply levels of medical providers. 

Accordingly, availability of medical care—such as institutional (hospital and skilled nursing 

facility) care, outpatient physician care, home health, hospice, and DME—may vary across 

geographic areas. Areas with greater competition (i.e., a greater number of providers in the area 

or areas which do not have single or several dominant providers that often set prices for care 

within the geographic area) may have different prices for medical services compared to areas 

with less competition. 

In addition, the time costs for medical care—that is, the amount of time it takes for an 

older individual to access care—may be lower in areas with a greater supply of providers 
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compared to an area with a smaller supply of providers. For instance, urban areas may have a 

greater concentration of providers (including more providers in networks for older Medicare 

beneficiaries enrolled in Medicare Advantage plans) compared to rural areas. In rural areas, older 

adults may have difficulty finding providers or services and thus use fewer services compared to 

older adults in urban areas. This possibility is illustrated with arrow 3 from availability of 

medical care to the mediator, time costs for medical care (omitted from analyses and thus in a 

box with dotted lines), and then arrow 4 from time costs to medical costs. 

Time Costs  

As discussed above, areas with fewer suppliers—such as rural areas—may be associated 

with greater time costs involved for older Medicare beneficiaries seeking medical care (arrow 4). 

In turn, greater time costs likely lead to lower utilization of such medical care. Thus, time costs 

for medical care are likely associated with medical costs, as shown in the model. 

Chronic Physical and Emotional Health Status 

Physical and emotional health status, such as the presence of chronic conditions, can 

result in a range of treatment types (see arrow 5). These treatment types can include inpatient or 

outpatient treatment, the use of DME and/or home health care, and hospice care for those older 

individuals at the end of life.  All else equal, older individuals in poorer health are more likely to 

use medical care and thus to have higher medical costs.  

 Older individuals in poor physical and/or emotional health may also be likely to 

experience adverse health shocks (described below) that can in turn lead to greater medical costs. 

For example, the DPM suggests that “feedback effects” from an individual’s health condition 

(including chronic conditions, impairments, functional limitations, and/or disability) can result in 

acute pathologies (or what is termed adverse health shocks in this dissertation).  
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Adverse Health Shocks 

Adverse health shocks are emergent, or acute, events that are related to an individual’s 

health status. The DPM indicates that disability and health conditions that are precursors to 

disability can lead to acute pathologies. An adverse health shock involves an illness or diagnosis 

of serious illness. Adverse health shocks can include events such as heart attacks, strokes, FRIs, 

a cancer or heart disease diagnosis, or a sudden change in vision or hearing, among others. These 

shocks are likely to involve increased utilization of medical services and thus can affect medical 

costs (see arrow 6). FRIs, both a predictor and an outcome of interest for this research question, 

are considered adverse health shocks because they are events that can result in acute health 

situations that require urgent treatment at an emergency department or hospital. 

Medical Treatment Preferences 

Beginning on the lower left of the conceptual model with demand-side factors, medical 

treatment preferences reflect patients’ willingness to engage with the medical system and to seek 

health care services and/or equipment. Certain older individuals may be less likely than others to 

obtain treatments or diagnoses, regardless of financial resources or underlying health status. 

These medical treatment preferences may be related to discrimination or perceptions of 

discrimination, language and cultural barriers, fear of engaging with the medical system, or 

dissatisfaction from prior engagement with providers and insurers. Older Medicare beneficiaries 

who prefer to use more services are more likely to have greater medical costs whereas those 

beneficiaries who prefer to avoid use of medical services are likely to have lower medical costs 

(see arrow 7). 
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Financial Resources 

Financial resources may directly affect medical costs for several reasons. First, these 

resources enable older individuals to access medical services by allowing them to pay for desired 

health care services, such as inpatient and outpatient care, durable medical equipment (DME), 

and home health care, among others. Thus, financial resources can affect the quantity of services 

used by an older individual (see arrow 8). Financial resources may also be indirectly associated 

with medical costs due to the level of cost-sharing associated with health care services (such as 

monthly premiums, co-payments, co-insurance, and deductibles) (see arrow 9). For instance, 

older individuals who can afford supplementary insurance, such as Medigap coverage, typically 

have lower cost-sharing compared to older Medicare beneficiaries with no supplementary 

coverage. Those older individuals with employer-sponsored supplementary coverage also likely 

have lower cost-sharing compared to beneficiaries with no supplementary coverage. The greater 

levels of financial resources among certain individuals may allow them to purchase 

supplementary coverage. On the other hand, poorer older adults may qualify for Medicaid 

coverage, which also provides extensive assistance with Medicare cost-sharing. 

Out-of-Pocket Price of Medical Care 

 While most older adults in the U.S. are insured by Medicare, an older individual’s level 

of financial resources is associated with the level of cost-sharing individuals incur when using 

such services. Research has shown that cost-sharing is associated with the demand for medical 

care (see arrow 9). Higher cost-sharing (i.e., increased out-of-pocket prices for medical care) is 

associated with reduced utilization of health care services224-226 and older adults may particularly 

be affected by cost-sharing since out-of-pocket costs can represent a greater proportion of their 

resources.226 Cost-sharing can vary considerably among older adults insured by Medicare. For 
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instance, older individuals who had employer-sponsored insurance or were represented by labor 

unions while working may have supplemental coverage that pays for some of the cost-sharing 

associated with the use of Medicare-covered services. At the same time, poorer older individuals 

with fewer resources may be eligible for supplementary Medicaid coverage that also provides 

assistance with cost-sharing. Other, older individuals purchase Medicare Advantage plans or 

“Medigap” policies that also provide assistance with cost-sharing for the use of medical care, in 

some cases. Thus, out-of-pocket prices are highly variable in the Medicare population. 
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Chapter 4 : Data Sources, Study Populations, Measurement Models, and Variables 

Overview of Datasets Used in the Dissertation 

The dissertation uses data from a large, observational and longitudinal, panel dataset 

called the Health and Retirement Study (HRS). HRS data are from 1992-2010. Several versions 

of the HRS are used: the original HRS dataset (“core” files from the HRS), RAND HRS “Fat 

Files” (which merge HRS “core” files into user-friendly datasets for each survey wave), and a 

“cleaned,” abridged version of the entire panel dataset (but with limited variables) for all survey 

waves, called the RAND HRS dataset. Because the RAND HRS dataset does not include all of 

the original data from the HRS, parts of the original HRS core dataset are merged with the 

RAND Fat Files and RAND HRS dataset. For instance, a number of variables associated with 

caregiver assistance are not included in the RAND HRS data, but are included in the original 

HRS dataset.  

A supplemental HRS dataset is also incorporated into the dissertation’s dataset. The 

Participant Lifestyle Questionnaire (referred to hereafter as the “PQ survey”), from the HRS’ 

2006, 2008, and 2010 Psychosocial Surveys, contains information regarding a number of 

variables important for the dissertation’s second research question. For instance, the PQ Survey 

contains indicators of social support and neighborhood social cohesion, which are confounders in 

the conceptual model illustrating the relationships between non-injurious falls (NIFs) and fall-

related injuries (FRIs) with emotional distress (see Chapter 2). Additional files included in the 

dissertation dataset are 1992-2010 Medicare claims data for individual Medicare fee-for-service 

beneficiaries. Further description is provided below. Additionally, information from the Area 

Health Resource File (AHRF)227 on the number of providers in a geographic area and Medicare 

Cost Report data regarding geographic wage variation will be used for analyses involving the 
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third research question. See Tables 4-1 and 4-2 below for a summary of the dissertation variables 

that are contained in each of the above-mentioned data sources as well as which datasets are used 

in analyses pertaining to the dissertation’s three research questions. 

The Health and Retirement Study (HRS) and “Core” Files 

The HRS is “a national longitudinal study of the economic, health, marital, and family 

status, as well as public and private support systems, of older Americans.”228 It is conducted and 

maintained by the University of Michigan and sponsored by the National Institutes of Aging. 

Data have been collected every two years for the majority of study respondents (the entry cohorts 

and year of entry are discussed directly below) from more than 20,000 respondents and include 

physical and social health, medical care utilization, job, income, and retirement 

information.229,230 The first survey was conducted in 1992 and currently the study comprises 20 

years and 12 waves of data, from 1992 through 2010. Specific years of data currently available 

are: 1992, 1993, 1994, 1995, 1996, 1998, 2000, 2002, 2004, 2006, 2008, and 2010. 

The HRS “Core” files incorporate sections that contain household and respondent 

information, with primary focus on respondent information. The Core files include information 

collected each survey wave for each of the study cohorts, excluding information collected in exit 

interviews or leave-behind surveys (described below). Respondent information includes 

demographic, physical health, cognition, family structure, functional limitations and helpers, 

housing (household), physical measures, employment and job history, disability, health services 

and insurance, expectations about the future, assets and income (household), widowhood and 

divorce, wills and life insurance, life event history and Social Security, among others. Restricted 

HRS data that contains geographic identifiers were additionally obtained. As such, it was 

possible to merge AHRF information on area medical resources with HRS and Medicare data.  
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Table 4-1: Data Content of Data Files used in the Dissertation 

Data File Data Content 

Original HRS Caregiving (type of caregiver, number of weekly hours, formal versus informal) 

RAND HRS “Fat File” Number of ADLs/IADLs, special home safety features, use of psychiatric medication, indicators for depressive symptoms, falls  

RAND HRS  Socioeconomic (age, gender, race/ethnicity, education, household income), chronic health conditions (osteoarthritis, stroke, heart 
disease, high blood pressure, and diabetes), sensory impairment (vision, hearing, cognitive status), functional limitations, disability 

Psychosocial Survey  Social support, neighborhood social cohesion 

Linked Medicare Claims Medical costs (out-of-pocket, inpatient, outpatient, home health, skilled nursing facility), fall-related injuries 

Area Health Resource File  Number of providers in geographic area 

Medicare Cost Report Medicare Inpatient Prospective Payment System wage index for short-term acute general hospitals 

 

Table 4-2: Data Files used in Analyses for Each of the Dissertation’s Three Research Questions 

 Research Question 

 1 2 3 

Original HRS X   

RAND HRS “Fat File” X X  

RAND HRS  X X X 

Psychosocial Survey  X (in sensitivity analyses) X  

Linked Medicare Claims   X 

Area Health Resource File    X 

Medicare Cost Report   X 
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HRS Sample Descriptions 

There are a number of samples in the HRS. Each sample includes several birth cohorts 

(groups of individuals born during a given year). However, each sample is also referred to as a 

cohort that includes a number of (typically, six) birth cohorts (i.e., includes individuals born 

during a given six-year period, as described below). At its inception in 1992, the HRS targeted 

study participants born between the years 1931 and 1941. This first, targeted group of 

participants was referred to as the HRS sample, or cohort. The HRS later added a second study 

sample born before 1924 (this sample is referred to as The Study of Assets and Health Dynamics 

Among the Oldest Old, or the AHEAD, cohort). The HRS and AHEAD samples were merged 

into a single interview schedule in 1998.  

Since 1998, the HRS has aimed to include a sample that is representative of the U.S. 

population that is ages 50 years or older. Accordingly, the study added new samples, or cohorts, 

each six years beginning in 1998 (see Figure 1-1 below). Thus, a third sample (the Children of 

Depression, or CODA, cohort) added in 1998 includes adults born 1924-1930 (filling in the gap 

between the HRS and AHEAD cohorts) who were 51 years or older years in 1998, 53 years or 

older in 2000, and 55 years or older in 2002. In 2004, the HRS added a fourth sample (the War 

Baby, or WB, cohort) with individuals born 1942-1947 and who were 51 years old or older in 

2004, 53 years or older in 2006, and 55 years or older in 2008. The 2010 survey introduced a 

fifth sample (the Early Baby Boomer, or EBB, cohort), with individuals born 1948-1953. A sixth 

sample, the Late Baby Boom (LBB) cohort, will be introduced in 2016.231 Each of the EBB and 

LBB cohorts will likewise include individuals 51-55 years old in 2014 and 2020, respectively. 

See Table 4-3 below. For additional information regarding re-interviewing, proxy interviews, 

sampling, and response rates, see the Appendix ( “Additional Information Regarding the HRS”). 
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Table 4-3. Health and Retirement Study Entry Cohorts by Year of Entry and Survey Wave 

Wave Entry Cohort 

 HRS AHEAD CODA WB EBB 

1 1992 1992 
(HRS/AHEAD 
overlaps only) 

Not available 

2 1994  1993 Not available 

3 1996 1995 Not available 

4 1998 1998 1998 1998 

Not available 5 2000 2000 2000 2000 

6 2002 2002 2002 2002 

7 2004 2004 2004 2004 2004 

8 2006 2006 2006 2006 2006 

9 2008 2008 2008 2008 2008 

10 2010 2010 2010 2010 2010 

Source: RAND HRS Data Documentation, Version L,232 p. 12. 
Note: HRS=Health and Retirement Study, AHEAD=Assets and Health Dynamics Among the Oldest Old, CODA=Children of the 
Depression, WB=War Babies, EBB=Early Baby Boomer. 

 

The HRS Leave-Behind Psychosocial Survey and Participant Lifestyle Questionnaire (PQ) 

The HRS includes a number of supplemental modules and questionnaires, some of which 

are implemented electronically or using a leave-behind hard copy survey. In 2004 and 2006, a 

random sample of HRS respondents was provided with a written, leave-behind Psychosocial 

Survey to be mailed back to the University of Michigan. The 2004 leave-behind survey 

administered a PQ with questions regarding psychosocial characteristics to a pilot sample of 

approximately 4,000 HRS respondents. A revised PQ with additional topics addressed in a 

number of items and scales was then given two years later in 2006 to additional HRS 

respondents who were assigned to receive an enhanced interview and who were alive and had 

themselves (or by proxy) completed at least part of the interview in person.233 Additional leave-

behind PQ surveys were administered in subsequent HRS waves in 2008 and 2010. The PQs 

contain items and scales on a broad range of psychosocial topics including social participation 
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and integration, life satisfaction, social support, personality characteristics, loneliness, control, 

affect, religion, perceived discrimination, well-being, stress, anxiety, strain, and quality of life. 

The PQ survey was designed such that the scales utilized in the survey are comparable to 

response scales used in surveys such as the English Longitudinal study of Ageing (ELSA) and 

the Survey of Health, Aging, and Retirement in Europe (SHARE). For the PQ survey sampling, 

eligibility, and response rates, see the Appendix (“Additional Information Regarding the HRS”). 

Description of the RAND HRS Files and the HRS Core Files 

RAND provides several versions of the HRS, including a “cleaned,” abridged data set 

(hereafter referred to as “RAND HRS”). The RAND HRS merges the existing waves of the HRS 

data using data from the Core HRS files (and not from the exit interviews). For instance, RAND 

HRS Data, version L merges waves 1 through 12 of the HRS. The RAND HRS data do not 

include all of the variables that are in the HRS Core files, however. RAND has made a number 

of improvements to the HRS data, including merging together a number of the HRS files and, 

among others, imputing missing values for data on wealth and income where HRS respondents 

opted out of responding to the question sequence on these survey topics. While the HRS uses its 

own imputation process for assets and income types, RAND states that these processes are 

inconsistent across survey waves and thus RAND implemented its own, consistent method.  

The RAND HRS data include longitudinal information for 30,671, unique middle-aged 

and older adults, with 17,356 women (57%), and with an average age of approximately 70 years. 

These unique individuals represent the study population across each of the HRS’ twelve waves to 

date. Eighty percent of this study population are white, 15% black, and 5% other races; 9% of the 

population is Hispanic. There are 11,411 unique individuals ages 65 and older, 10,396 of whom 
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did not have cognitive problems, and 8,691 of whom did not have cognitive problems and 

provided their own survey responses (i.e., did not have proxy respondents).  

The RAND HRS imputes data for asset and income types. Income values (for respondent 

and spousal salary/wages, capital income, pension and annuity income, disability and 

Supplemental Security Income, Social Security retirement income, unemployment/worker’s 

compensation, income from veteran’s benefits, welfare, and food stamps, and other income 

sources) are imputed when income components are missing. Descriptions of imputation methods 

are provided in the RAND HRS Data Documentation, Version L (Chapter 3, pages 25-35).234 

RAND also creates a “Fat File” for each survey wave. The original HRS data are 

contained in Core files. The RAND Fat Files include merged HRS “Core” files for each survey 

wave. Thus, the RAND Fat Files contain valuable, additional variables that are not included in 

the RAND HRS dataset. However, the RAND Fat Files do not include all variables from the 

Core files. For instance, data on caregiving assistance can only be found in the HRS Core files. A 

description of how these datasets were merged is provided in the Appendix (Table 8-4). 

Linked HRS-Medicare Summary Claims and Utilization Dataset 

 The University of Michigan offers a linked, HRS-Medicare dataset. Linked data are 

available for HRS participants who provided their Medicare beneficiary numbers to the HRS. 

Roughly 80% of HRS participants agreed to provide this information, which allowed HRS to 

create a linked dataset comprising HRS and Medicare summary claims and utilization data. The 

Medicare summary claims and utilization data comprise 18,140 HRS respondents who were 

eligible for Medicare and provided their Medicare beneficiary numbers to HRS and who were 

enrolled in Medicare Parts A or B. Parts A and B comprise the fee-for-service (FFS) component 

of the Medicare program. Specifically, the linked HRS-Medicare dataset includes the 
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Beneficiary Summary, Carrier, Denominator, Inpatient, Outpatient, Durable Medical Equipment, 

Home Health, Skilled Nursing Facility, and Hospice Standard Analytic Files (SAFs). It also 

includes the MedPAR SAF, which is not used in this dissertation’s analyses. 

The Beneficiary Summary File contains socioeconomic and geographic information for 

each enrollee and date of death plus indicators regarding beneficiary enrollment in managed care 

(Part C). The Carrier File has claims information submitted by non-institutional providers, 

including physicians, nurse practitioners, independent clinical laboratories, ambulance providers, 

and free-standing ambulatory surgical centers. The Denominator File was incorporated into the 

Beneficiary Summary File and contains beneficiary enrollment information for a given calendar 

year. The Inpatient and SNF SAFs contains claims data submitted by inpatient hospital providers 

and SNF providers, respectively. The Outpatient SAF contains claims data submitted by 

institutional outpatient providers and the Carrier SAF contains claims data submitted by non-

institutional providers. The Hospice and DME SAFs contain claims data submitted by hospice 

and DME suppliers, respectively. The above files contain dates of service, procedure and 

revenue codes, units of service, place of service, diagnosis codes, Medicare reimbursement, and 

patient cost sharing information for the respective care setting (e.g., home health or skilled 

nursing facility) or information regarding durable medical equipment. The files each contain 

observations at the claim level, thus individual observations must be aggregated over time within 

each beneficiary in order to compile total reimbursement amounts for a given time period.  

The Beneficiary Summary File (for years 1991-2010) has 202,899 observations and 

18,140 unique beneficiaries. The numbers of records vary both across the summary files and also 

within each type of file. For example, there are 1,224 unique beneficiaries (and 1,705 

observations) in the 1991 Inpatient File, but 2,339 unique beneficiaries (and 3,975 observations) 
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in the 2008 Inpatient File. By contrast, there were 3,971 and 5,943 unique beneficiaries (and 

13,160 and 37,267 observations), respectively, in each of the 1991 and 2008 Outpatient Files.1 

Additional Data Sources 

The Area Health Resource File (AHRF) 

The AHRF has annual data related to health care professions, health facilities, hospital 

utilization and expenditures, and Census, population, and environmental data. Data are collected 

from numerous sources, including the American Medical and American Hospital Associations, 

the U.S. Census Bureau, the Centers for Medicare and Medicaid Services, and the Bureau of 

Labor Statistics. The AHRF’s geographic units are the county, state, metropolitan-micropolitan 

statistical areas, and region codes, among others. The AHRF data were linked to the HRS-

Medicare linked dataset at the county level. 

Medicare Cost Report 

 Medicare’s institutional providers—including short-term acute general hospitals, home 

health agencies, and skilled nursing facilities—are required to annually submit data to the 

Centers for Medicare and Medicaid Services (CMS) regarding financial and statistical 

information. Data include facility characteristics, cost and charge data, and geographic wage 

index information regarding the relative area wage for a given geographic area. The geographic 

wage index that is contained in Worksheet S-3 of the cost report was used.  

Inclusion Criteria and Measurement Models 

Study inclusion criteria and a description of the study sample are provided for each 

research question. Note that for each of the dissertation’s three research questions, the study 

population is U.S. community-dwelling (i.e., non-institutionalized) older adults. Any observation 

including a study respondent who was interviewed in a nursing home as excluded from analyses. 

                                                        
1 See http://hrsonline.isr.umich.edu/sitedocs/rda/cmsdocs/HRS_Standard_Release_Medicare.html 
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However, an individual who spent time in a nursing home during the two-year period between 

survey waves, but was not in a nursing home during the next interview, as not excluded. For 

instance, if a given respondent was surveyed in 2000, 2002, 2004, and 2006 and was in a nursing 

home during the time of the interview in 2004 (but not in a nursing home during the time of the 

interview in years 2000, 2002, and 2006), then the respondent’s data would be used in 

dissertation analyses for years 2000, 2002, and 2006, but not for 2004. Specific inclusion criteria 

for the three research questions, which involve different study time periods, are discussed below. 

Those respondents living in a nursing home at the time of the survey were excluded for 

several reasons. First, as noted earlier in this chapter, proxy interviewees were often used in 

place of these survey participants living in a nursing home at the time of the survey. Second, 

respondents who were in nursing homes for greater than 85 days during the approximately two-

year period between surveys were not questioned about activities of daily living (ADLs) or 

instrumental activities of daily living (IADLs). Given that only respondents asked about ADLs 

and/or IADLs were asked whether or not they received assistance for those ADL/IADLs (i.e., 

whether or not they received caregiving assistance), exclusion of respondents in nursing homes 

for substantial periods of time between surveys would result in losing information regarding 

caregiving assistance. There was no appropriate justification found for selecting a cutoff of 

number of days (less than 86 days) at which a respondent should be excluded for not being 

“community-dwelling.” For these reasons, the choice was made to exclude only those older 

individuals living in a nursing home at the time of the survey interview. 

 A measurement model is additionally provided for each of the dissertation’s three 

research questions. These models operationalize the concepts presented in Chapter 3’s 

conceptual models. That is, they include measures for (or, specifically, variables used to) 
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represent those concepts. The measurement models indicate which variables will be used in 

analytic models to test the dissertation’s hypotheses. Later in the chapter, the variables presented 

in the measurement models will be described in detail.  

Receipt of Caregiving, Type of Caregiving, and Risk of Falls/FRIs 

As noted above, the RAND HRS data are from 1992 to 2010 for 30,671 middle-aged and 

older adults. For the first research question, data from survey years 2000-2010, which included 

data for 24,770 unique individuals, were examined. Data from survey years 1992-1998 were 

excluded because they did not include information regarding spousal caregiver hours.  

To create the analytic dataset for the first research question, 6,889 individuals ≤65 years 

old and an additional 460 individuals living in a nursing home at the time of the survey interview 

(for each of the surveys from 2000-2010) were removed, leaving 17,421community-dwelling 

older adults and a total of 63,543 pooled observations (or person-waves, the unit of analysis) 

across six survey waves (2000, 2002, 2004, 2006, 2008, 2010). See Table 4-5 and Figure 4-1 

below. Because lagged variables (outcome variables were measured at time, t, while predictor 

variables were measured at t-2 years) were used in model specifications, dependent variable 

observations in 2000 or predictor variable observations in 2010 were not used. Lagged variables 

and other model attributes are discussed in the Methods section in Chapter 5. Accordingly, 

complete-case model specifications included only 44,690 potential observations for each study 

variable. Sensitivity analyses—in which missing data were imputed and then the imputed dataset 

was used to estimate the multinomial probit model (which is described in Chapter 5)—were run. 

The imputation method is discussed in Chapter 5.  
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Table 4-5. Number of Unique Respondents for Each Survey Wave, Including Number of Community-Dwelling Older Adults and Number of Non-

Cognitively Impaired (CI) Respondents in 2000-2010 Health and Retirement (HRS) Surveys 

Wave  Year  Sample Size  

    All  

Adults 

 Adults 

≥65 

 Community- 

Dwelling  

Adults ≥65 

 Community- 

Dwelling, non-CI  

Adults ≥65  

Community- 

Dwelling,  

CI Adults ≥65 

5  2000  19,579  16,673  16,250  16,097 153 
6  2002  940  709  685  676 9 

7  2004  3,649  224  220  215 5 
8  2006  277  135  132  130 2 
9  2008  175  74  71  70 1 

10  2010  150  66  63  61 2 

Total    24,770  17,881  17,421  17,249 172 
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Figure 4-1: Sample Derivation for the First Research Question Using 2000-2010 Health and Retirement Study 

(HRS) Data 
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Falls and Emotional Distress Model 

 This question uses data from respondents from years 2006, 2008 and 2010 to estimate the 

temporal associations between falls and depressive symptoms. These three survey years were 

selected for two reasons. First, estimating cross-lagged panel analyses with SEM limits the 

number of waves used from panel data to estimate relationships between variables. Use of more 

than three waves of data would make fitting a model increasingly difficult compared to use of 

three waves or less of data. Second, complete data regarding the social environment (such as 

positive and negative social support from family and friends) are only available from the HRS’ 

leave-behind Participant Lifestyle Questionnaire study for those three years. As shown in Table 

4-6, there were 12,833 unique, community-dwelling older adults in 2006, with an additional 425 

and 183 unique adults in 2008 and 2010, respectively. Also see Figure 4-2 below. 

 

Table 4-6. Number of Observations for Second Research Study Question, Including Number of Unique 

Community-Dwelling Older Adult Survey Respondents and Number of Observations for Falls in 2004-2008 

Health and Retirement (HRS) Surveys 

Wave Year 

Community- 

Dwelling  

Adults ≥65 

8 2006 12,833 

9 2008 425 

10 2010 183 

Total  13,441 
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Figure 4-2: Sample Derivation for the Second Research Question Using 2004-2006 Health and Retirement 

Study (HRS) Data   
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Falls and Healthcare Costs 

 The main analysis defied FRIs using a revised version of the UCLA-RAND algorithm235 

(see just below in the independent variables section for a description of this algorithm as well as 

other FRI identification methods used). The main analysis identifying FRIs treated in an 

inpatient setting included 5,548 older adults (103 in the FRI and 5,445 in the non-FRI cohort) 

(see Figure 4-3 for a derivation of the analytic sample in the main analysis). For a sensitivity 

analysis using the same revised UCLA-RAND algorithm identifying FRIs treated in inpatient 

and outpatient settings, the analytic sample size was 5,504 (with 167 in the FRI and 5,337 in the 

non-FRI cohort). For the analysis in which FRIs were defined using e-codes only, the analytic 

sample size was 5,518 (with 53 in the FRI and 5,465 in the non-FRI cohort). For the analysis in 

which FRIs were defined using ICD-9 and e-codes, the analytic sample size was 5,522 (with 794 

in the FRI and 4,728 in the non-FRI cohort). As shown in Figure 4-3 below, only those older 

individuals (ages 65 years and older) who (1) had Medicare denominator file data for each of 

years 2007, 2008, and 2009, (2) who were alive during each of those years, (3) who were not 

enrolled in Medicare Part C, and (4) were continuously enrolled in Medicare Parts A and B were 

included in the analytic sample for the main analysis. Note that individuals who satisfied the 

other criteria listed above, but who died during follow-up were included in sensitivity analyses. 

Also note that criteria (3) and (4) apply to the 24-month period (for the main analyses in which 

only living individuals were included) that includes the 12-month period prior to the index date 

plus the 12-month period following the index date. 
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Figure 4-3. Sample Derivation of Older Adults in Health and Retirement Study (HRS), Continuously 

Enrolled in Medicare Parts A and B and Not Enrolled in HMO, 2008-2010 
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Measurement Models 

Caregiving Assistance and Falls Measurement Model 

The measurement model for the first research question is presented below in Figure 4-4. 

The model is identical to the conceptual model presented in Chapter 3 (Figure 3-1), with the 

exception that here the variables used to operationalize, or proxy for, the model concepts are 

presented. Thus, the concept caregiver assistance is operationalized with use of a constructed 

variable indicating the number of weekly hours of formal and informal caregiving assistance 

received by a care recipient. (The construction of that variable is described below.) Medication 

use is represented by a variable indicating use of psychiatric medication. The physical and social 

environment is operationalized using several variables regarding positive and negative social 

support from family and friends, social integration, neighborhood social cohesion, use of 

household safety devices and features, and several socioeconomic measures. Physical and 

emotional health status is operationalized using a chronic condition index, sensory impairment 

indicators, a functional limitation index, a disability indicator, as well as age and gender. falls are 

operationalized using self-reported indicators of NIFs and FRIs. Adaptation is not measured in 

analytic models. Description of the dependent and independent model variables, including 

constructed variables, as well as survey questions used to collect information for certain of these 

variables, is provided below. See Table 4-7 for a list of all variables used in each of three 

research questions (including variables used in main and sensitivity analyses). While some 

applicable survey questions are provided below, for a full list of survey questions applicable to 

the measurement variables for this dissertation are provided in Tables 7-5 and 7-6.  
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Figure 4-4: Measurement Model for Caregiving Assistance and Falls, with Concepts and Variables Used to Operationalize Concepts 
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Note: The numbers in the figure indicate the direct pathways from potential risk predictors to NIFs/FRIs. Pathway 1 depicts a direct pathway between medication 
use and NIFs/FRIs. Pathway 2-6 depicts a pathway from caregiving assistance to NIFs/FRIs mediated by adaptation, after controlling for potential pathways from 
caregiving assistance and NIFs/FRIs mediated by physical and emotional health status, the physical and social environment and medication use. Pathway 3-6 
depicts a pathway from the physical and social environment to NIFs/FRIs mediated by adaptation and controlling for other pathways. Pathway 4 -6 depicts an 
indirect pathway from physical and emotional health status to NIFs/FRIs mediated by adaptation and pathway 5 depicts a direct pathway from physical and 
emotional health status to NIFs/FRIs.  
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Falls and Emotional Distress  

 The measurement model for the second research question is presented below in Figure 4-

3. As with the measurement model for the first research question, this measurement model is 

identical to a conceptual model presented in Chapter 3 (Figure 3-2), with the exception that here 

the variables used to operationalize the model concepts are presented. The operationalization of 

the physical and emotional health status concept is similar to that in the first research question. 

As discussed below, however, due to the type of model specification (structural equation 

modeling) employed for the second research question, the measurement of the variables listed in 

the model below is slightly different than the measurement of the variables in the first research 

question. The psychological treatment variable is again operationalized using a psychiatric 

medication indicator. The physical and social environment is operationalized using the same 

types of variables in the first research question, although the variable measurement is again 

different due to the model specification used in this second research question. As described 

below, rather than using scales to measure the social environment (specifically, perceived social 

support and neighborhood social cohesion), latent variables were used. Adverse life events are 

operationalized using self-reported NIFs and FRIs. Other predictors of adverse life events are 

represented using a measure indicating caregiving assistance and a number of socioeconomic 

variables.  

 Genetic predisposition and early childhood environment, strain and chronic stress, and 

coping are not measured in analytic models. Genetic predisposition and early childhood 

environment are not measured because no suitable proxies in the dataset are available to measure 

those concepts. Strain and chronic stress are not measured because they function as mediators of 

a key relationship (i.e., between adverse life events and subsequent emotional distress). As 
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discussed earlier, certain mediators in the research questions of this dissertation are omitted from 

analyses in order to examine the reduced-form relationship between a predictor of interest and a 

dependent variable. In this case, the pathway of interest was the indirect relationship between 

adverse health events (specifically, NIFs and FRIs) and subsequent emotional distress, so the 

mediating variable, strain and chronic stress, was not measured. Coping mechanisms are not 

controlled for in the model. Coping should moderate the relationship between strain or chronic 

stress and depressive symptom levels; that is, as levels of strain or chronic stress increase, better 

coping ability (compared to worse coping ability) will result in lowered increases in depressive 

symptom levels. By not controlling for this moderating effect, the models effectively provide a 

weighted average effect (of the relationship between adverse health shocks and depressive 

symptomatology) across the population, the magnitude of which is driven by the relative 

frequency of those with better and worse coping. However, since widespread falls prevention 

efforts are unlikely to be tailored to individuals’ unique coping skills and because it is not certain 

whether coping skills can be improved among older adults, this moderating factor is not 

controlled. Finally, of note, subsequent emotional distress is measured using principal 

components analysis in which depressive symptoms are a latent variable, as discussed below. 

Falls and Marginal Medical Costs  

In the third measurement model (Figure 4-6), measures used to operationalize the 

concepts in the conceptual model are indicated. Table 4-7 indicates the variables used in analytic 

models for each of the dissertation’s three research questions. 



 82

Figure 4-5 Measurement Model for Falls and Emotional Distress, with Concepts and Variables Used to Operationalize Concepts 
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Note: The numbers in the figure indicate the direct pathways from potential risk predictors to subsequent emotional distress. Pathway 1 depicts the direct pathway 
between physical and emotional health status and subsequent emotional distress, after controlling for several mediators (psychological treatment and adverse life events). 
As described in Chapter 5, “subsequent emotional distress” refers to distress measured at a later point in time relative to the risk predictors. Note that psychological 
treatment will not be controlled for in analytic models predicting emotional distress. Pathway 2-3 depicts the pathway between adverse life events—such as NIFs/FRIs—

and subsequent emotional distress. This pathway is mediated by strain and chronic stress, which will bean omitted mediator in analytic models.  
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Figure 4-6: Measurement Model for Marginal Medical Costs Associated with Falls, with Concepts and Variables Used to Operationalize Concepts 
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Note: The numbers in the figure indicate the direct pathways from potential risk predictors to medical costs. For instance, arrow 1 indicates the relationship 
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indicate direct relationships between risk predictors and medical costs. One indirect relationship is shown. Arrows 3+4 indicate the pathway between availability 
of medical care and medical costs, mediated by time costs for medical care.  
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Measurement Variables for the Dissertation Research Questions 

Dependent Variables  

For the purposes of the first two research questions, to identify self-reported NIFs and 

FRIs in the survey data, the HRS variables “fallen in past 2 years,” and “fallen with injury in past 

2 years,” were used. Regarding NIFs, the survey question is, “Have you fallen down in the last 2 

years/since the previous wave?” In all HRS waves, respondents who reported a single fall are 

asked: “In that fall, did you injure yourself seriously enough to need medical treatment?” If the 

respondent reported more than one fall, (s)he is asked, “In any of these falls, did you injure 

yourself seriously enough to need medical treatment?” See Table 8-6 for additional information 

on falls-related survey questions. A categorical variable was constructed using the questions 

from above regarding NIFs and FRIs. The three categories of this fall variable are: 1) no fall, 2) 

NIF only, and 3) FRI (with or without NIF). This categorical variable with three levels is the 

dependent variable for the dissertation’s first research question.  

 In the model used to test the hypotheses for the second research question, NIFs and FRIs 

are, along with depressive symptoms (described just below), dependent variables for each of the 

three years included in the analysis for the second research questions. Note that separate models 

are run for NIFs and for FRIs and so there are three NIF variables (for 2006, 2008, and 2010) 

and three FRI variables (for the same three years) in the two separate models in the second 

research question; and the comparison for NIFs in the model with NIFs is no falls (i.e., no FRI or 

NIF). The comparison for FRIs in the model with FRIs is also no falls. 

Depressive Symptoms Latent Variable 

The second research question uses structural equation modeling (SEM) techniques 

(discussed in Chapter 5), which allow for simultaneous estimation of associations involving 
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multiple dependent variables, including both observed and latent (unobserved) variables. 

Depressive symptoms for three separate years (2006, 2008, and 2010) are measured as latent 

(i.e., unobserved) variables that are indicated by the same observed indicators each year. The 

indicators for depressive symptoms are respondent answers to eight survey questions from the 

Center for Epidemiological Studies Depression Scale (CES-D).236 The CES-D scale in model 

specifications was not used; instead, factor analysis involving “parcels” (discussed below) in the 

measurement part of the SEM (again, details on modeling are provided in Chapter 5) was 

employed. Of note, however, the 8-item CES-D is an alternative, shorter version of the original 

20-item CES-D that was used in the HRS because some respondents had difficulty responding 

over the telephone to the full CES-D.237 The shorter-form CES-D has been shown in other 

studies to have an acceptable internal consistency and is similar to the full 20-question survey in 

terms of factor structure and distribution.237,238 Respondents indicate how often they experienced 

negative indicators (felt depressed, everything is an effort, restless sleep, felt alone, felt sad, and 

felt unmotivated) and positive indicators (whether the respondent felt happy and enjoyed life). 

Each of the questions begins: “Now think about the past week and the feelings you have 

experienced. Please tell me if each of the following was true for you much of the time this past 

week.” In traditional scoring of the CES-D, respondents can answer yes or no, with yes equal to 

one point and no equal to zero points. Measured as a scale, the CES-D score is the sum of the 

scores of the six negative behaviors plus the sums of one minus each of the two positive 

indicators.234 Higher scores (on a scale of 0-8) indicate higher levels of depressive symptoms.  

However, in this research question, the scaled score was not used; rather, the latent 

depressive symptom constructs (or, more precisely, the three depressive symptoms constructs 

from each of the years 2006, 2008, and 2010) was modeled in the SEM. For a given depressive 
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symptoms latent variable, the eight observed indicators were allocated to four “parcels.” A parcel 

can contain two or more observed indicator variables. The parcel can then be included as a single 

observed variable (as opposed to using several or more observed indicator variables) in 

measuring a latent variable. Parcels reduce the number of indicators used in measuring a latent 

variable and thus use fewer degrees of freedom in the model specification and so can be 

preferable to using observed indicators separately. The loading onto the latent factor of each 

variable in a given parcel is the same. Additionally, in each parcel, the values of the observed 

indicators included in that parcel are averaged. For instance, two observed indicators of positive, 

spousal social support (“How much does your spouse really understand the way you feel about 

things” and “How much can you rely on your spouse if you have a serious problem?”), with 

scores ranging from 1=not at all to 4=a lot, might be parceled. With the two indicators included 

in a single parcel, observations would be averaged (that is, if a respondent had scores of two and 

four, the averaged score for the parcel would be three). The score for this and other respondents 

would then be included in a measurement of the latent variable. In certain cases, in order to have 

similar numeric score ranges for each variable included in a parcel, a given variable can be 

rescaled. Thus, if one variable has a range of 0-5 and a second variable has a range of 0-10, the 

second variable may be rescaled to also have a range of 0-5. 

 The eight depressive symptoms indicators were parceled in a similar manner as just 

described. Specifically, four parcels for the eight indicators were used and the indicators were 

allocated to the four parcels based upon an analysis using correlations among the eight 

indicators. The eight indicator variables were felt depressed, felt sad, enjoys life, felt happy, felt 

lonely, felt unmotivated, had restless sleep, and felt everything is an effort. To determine how to 

allocate the eight indicator variables to the four parcels, four separate models with indicators 
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allocated differently among the four parcels were tested and the best model as indicated by 

common measures of fit (goodness-of-fit and other measures, as discussed in Chapter 5) was 

chosen. The model with the best measures of fit for each of 2006, 2008, and 2010 had the 

following parcel components: (1) felt happy and enjoys life, (2) felt sad and felt lonely, (3) sleep 

was restless and felt unmotivated, (4) felt depressed and felt everything is an effort. Further 

discussion of model fit and of the structural equation model is provided in Chapter 5. 

Medical Costs 

For the third research question, costs are defined as total, direct, medical costs from the 

perspective of the Medicare program and the beneficiary (but excluding other third-party 

payers). Medical costs include costs related to all treatments, services, and equipment utilized by 

beneficiaries. Thus, medical services and behavioral health services are included: (a) Medicare 

reimbursement and (b) beneficiary out-of-pocket costs. Any reimbursement by supplemental 

private insurance policies is excluded. Also included were costs from a number of service 

categories: inpatient, institutional and non-institutional outpatient, Home Health Agency (HHA), 

Skilled Nursing Facility (SNF), hospice, and Durable Medical Equipment (DME). Costs are 

estimated for those who did and did not experience FRIs. Out-of-pocket costs from each of the 

service categories listed above are included in order to capture the full treatment-related burden 

of FRI-related costs. Other “societal” costs associated with FRIs, such as loss of productivity of 

the faller or informal caregivers providing assistance to fallers, are not examined in this study. 

To assess costs and the persistence of high costs, Medicare FFS medical costs are 

computed for the 12-month period following an FRI. Similar to Garber et al.,239 the study 

assesses whether individuals with compared to those without FRIs are more likely to experience 

persistently high costs in the four quarters following the index date, where persistently high costs 
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are measured as (a) In the 4th quartile among all respondents for each of the four quarters and (b) 

at the 95th percentile or higher among all respondents for each of the four quarters. 

Independent Variables  

Caregiving Assistance 

For the first research question, caregivers in the HRS were identified by survey 

respondents who reported having difficulty with (due to a health or memory problem) and 

receiving help with performing at least one of six activities of daily living (ADLs) and/or one of 

four instrumental activities of daily living (IADLs). The ADLs are dressing, walking, bathing, 

getting in and out of bed, and using the toilet and the IADLs are preparing for meals, shopping 

for groceries, making telephone calls, and taking medications. In addition to the 10 ADL/IADL 

questions, a question regarding help with money (“Because of a health or memory problem, do 

you have any difficulty with managing your money -- such as paying your bills and keeping 

track of expenses?”) was used to identify caregivers of HRS respondents. The specific questions 

with respect to the ADLs/IADLs are listed in Table 4-3 below. Respondents were asked 

questions regarding ADLs/IADLs only where at least one functional limitation or difficulty with 

getting dressed was first reported. Functional limitations are limitations associated with a set of 

12 activities (such as walking one block, walking several blocks, climbing stairs, and pushing 

and pulling objects) that are listed in Table 8-2 and also discussed later in the physical and 

emotional health status variables section. 

To compute the average, total weekly caregiving hours, several steps were taken. First, it 

was assessed whether respondents reported receiving assistance with ADLs, IADLs, and/or 

money management during the past survey wave (approximately two-year period) and whether 

such assistance was received every day (7 days per week) during the past month (prior to the 
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interview date) or the number of days per month or per week during the past month. Then, these 

responses were standardized into a days-per-week metric. Next, the number of days per week of 

care received was multiplied by the reported number of hours of care per day received on 

average during the past month.240 Respondents not receiving assistance or those who reported 

receiving assistance during the past two years but who did not report having received care during 

the past month were recorded as receiving zero hours of weekly caregiving during the past 

survey wave. Formal and informal weekly caregiving hours were computed using respondents’ 

reports of weekly caregiver hours for care provided by formal and informal caregivers, 

respectively. For a list of questions used to construct the caregiver receipt, see Table 8-4. 

A categorical variable with five mutually exclusive categories was next constructed: (1) 

no formal or informal caregiving, (2) no formal and low levels of informal care (1-20 weekly 

hours of informal caregiving), (3) no formal and high levels of informal care (>20 weekly hours 

of informal caregiving), (4) any formal but no informal caregiving, (5) any formal and any 

informal caregiving. Four dummy variables were created using the latter five categories listed 

above and included in the model. Thus, no formal or informal caregiving was not included in the 

model and was the reference category. These categories were selected based upon questions in 

the literature (cited in the literature motivation in Chapter 2) regarding the relative importance, or 

potential complementarity, of formal versus informal caregiving. Specific weekly hour amounts 

were selected based upon the distribution of weekly formal and informal caregiver hours in the 

sample—relatively few respondents reporting receiving formal (and particularly high levels of 

weekly formal caregiving) compared to informal caregiving. 

For sensitivity analyses, to test other levels of mixed formal and informal caregiver 

support, a different construction of the caregiving variables was used. The formal caregiving 
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variable had three categories (and contributed two dummy variables to the model) indicating 

number of weekly caregiving hours: 0, 1-10, and >10. The informal caregiving variable has four 

categories (and contributes three dummy variables) indicating number of weekly caregiving 

hours: 0, 1-10, >10-30, and >30. Only three categories for the formal caregiving predictor 

variable were used because there are substantially fewer survey respondents who received >10 

hours of weekly formal caregiving compared to informal caregiving. Informal caregivers were 

caregivers who were reported as being family members or friends. Formal caregivers were those 

caregivers who were reported by the survey respondent as being a “professional” or from an 

“organization.” Caregivers who were listed as being from an “institution” were excluded since 

care from such caregivers would not have been provided within the community, which is the 

setting within which I aim to examine care recipients receiving caregiving assistance.  

Note that the survey response option indicating that a caregiver was from an “institution” 

was only available to those respondents who were currently living in a nursing home at the time 

of the survey (or living in a nursing home or hospice when the respondent died). A separate 

response (caregiver was from an “organization”) was available to indicate the presence of a 

formal caregiver. Thus, the exclusion of “institutional” caregivers from the study ensures that 

care provided in a non-institutional, community setting is distinct from care provided within a 

nursing home, where the level of care can be quite different from that provided within a 

respondent’s home. As noted, however, exclusion of institutional caregivers does not remove 

formal caregivers (i.e., non-family caregivers who may work for an agency) from the study and 

thus I can still compare associations between fall risk and informal and formal caregiving. 
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Socioeconomic Indicators 

Also included as predictors were age at the time of the completion of the HRS survey, 

gender (1=male, 0=female), race/ethnicity (Non-Hispanic Black, Hispanic, Other, and non-

Hispanic White as the reference category), educational level (high school, some college, college, 

and less than high school as the reference category). For each categorical variable listed above 

and elsewhere in the model, I use mutually exclusive and exhaustive sets of indicator variables. 

Household income was also measured. Total household income is the sum of all income in the 

household for both the respondent and spouse, where applicable (summaries below are taken 

directly from the RAND HRS Data Documentation, Version L.234): 

• Earnings (wage/salary income, bonuses/overtime, pay/commission/tips, second job 

earnings, professional practice or trade income); 

• Household capital income (the sum of household business or farm income, self-

employment earnings, business gross rent, interest income, trust funds or royalties, and 

other asset income); 

• Pension and annuity income; 

• Social Security disability (SDI) and Supplemental Security Income (SSI); 

• Income from Social Security retirement, spouse or widow benefits; 

• Income from unemployment and worker’s compensation; 

• Income from veteran’s benefits, welfare, and food stamps; and 

• Alimony, other income, and lump sums from insurance, pension, and inheritance. 

 Also included is total wealth, which includes the sum of the following: the respondent’s 

primary and secondary residence, the net value of real estate, vehicles, businesses, IRA/Keogh 

accounts, stocks and mutual funds, checking, savings, and money market accounts, CDs, 
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government savings bonds, and treasury bills, bonds or bond funds, and other savings. To 

compute the respondent’s total wealth, the sum of the following resources are subtracted from 

the above value: the reported or imputed value of all mortgages, the sum of home equity line of 

credit balance and other home loans, and the reported or imputed value of debt. 

Physical and Emotional Health Status 

To operationalize physical/emotional health status, terms from the DPM were utilized. 

The DPM (as discussed in Chapter 2) has four components that can result in falls through 

feedback effects. These components are chronic health conditions, sensory impairments, 

functional limitations, and disability. These observed components are used for the first and third 

research questions. However, for the second research question, physical and emotional health 

status was treated as a latent factor in a structural equation model (described in Chapter 5). 

Descriptions of both the observed components and the latent factor variable are provided below. 

Chronic Health Conditions 

The dissertation followed Fauth et al. (2007)218 in using indices for chronic health 

conditions and for functional limitations as components of the DPM. The index of chronic 

illnesses (0-5) is a count of the following conditions: osteoarthritis, stroke, heart disease, high 

blood pressure, and diabetes, where presence of a given chronic condition contributes one point 

to the index. These conditions were selected for use as an index given that these conditions have 

been associated with falls and may be associated with depressive symptoms (see Chapter 2). As 

opposed to a series of dummy indicators for each of the chronic conditions, an index was used 

for the purposes of simplifying the analysis. The risk of falls increases with global diminution in 

system functioning and where there is an increase in the magnitude of risk factors.31 Thus an 

index can be a marker for broad system declines that may precipitate falls. Technically, the index 
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indicates whether or not respondents currently have one of these given conditions, where 

“currently” refers to at the time of the interview in a given survey wave. In the HRS, respondents 

indicate during each survey wave whether or not they developed the condition since the prior 

interview wave (approximately two years prior to the current interview). For respondents who 

participated in a prior survey wave, information regarding chronic health conditions is carried 

through to the subsequent survey wave unless the respondent indicates that there was a change in 

status during since the time of the prior interview. For instance, if a respondent participating in 

the 2000, 2002, and 2004 surveys indicated that she had high blood pressure in 2000, it would be 

assumed that she also had high blood pressure in 2002 (and then again in 2004) unless indicated 

otherwise by the respondent. In a sensitivity analysis, rather than use an index of these health 

conditions, dummy variables for each of the conditions were included in the analysis. 

Sensory Impairments 

To measure impairments of bodily systems, respondents’ self-rated eyesight (1-6 where 

1=legally blind and 6=excellent) and hearing (1-5, where 1= poor and 5 = excellent) were used. 

Low cognitive status was measured with a score of ≤6 on the HRS version of the Telephone 

Interview of Cognitive Status (TICS),241 with a 0-15 range where 0 indicates the lowest and 15 

the highest functioning. The TICS is an alternative to the Mini-Mental State Examination242,243 

that involves a Serial 7’s Test, backwards counting, and date, object, and Vice 

President/President naming. Respondents with a TICS score ≤6 were coded as having low 

cognitive status (where a 1= low cognitive status and 0=normal cognitive status).244   

Functional Limitations 

A functional limitation score (0=none; 12=most impairment) was created.245 The index is 

based upon allocation of one point for some difficulty with each of the following activities, based 
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on self-report from survey respondents: walking several blocks, walking across a room, climbing 

one flight of stairs, climbing several flights of stairs, sitting for two hours, getting up from a 

chair, stooping, kneeling, or crouching, pushing or pulling large objects, picking up a dime, 

eating, and dressing activities. The first three are measures of mobility. The next four items are 

measures of gross muscle ability and the final three items measure fine motor ability. These may 

also indicate functional limitations associated with lower and upper extremities, which are 

associated with fall risk.91 In a sensitivity analysis, rather than use an index of these functional 

limitations, dummy variables for each of the limitations were included in the analysis. 

Disability 

 A binary variable indicating disability (1=disabled, 0=not disabled) was created for 

those who had ever applied for Supplemental Security Income (SSI) or Social Security Disability 

Insurance (SSDI). Disability has been defined and empirically indicated in a number of different 

ways. According to Section 223(d) of the Social Security Act (SSA), 42 U.S.C. § 423(d), defines 

disability as "inability to engage in any substantial gainful activity by reason of any medically 

determinable physical or mental impairment which . . . has lasted or can be expected to last for a 

continuous period of not less than 12 months.”23 Empirically, disability has often been 

operationalized in health services research studies as involving one or more (or in some cases, 

two or more) limitations involving ADLs. However, using ADLs to operationalize disability 

would create problems in this study since the caregiver variables reflect difficulties with ADLs: 

                                                        
2 See http://www.socialsecurity.gov/OP_Home/rulings/di/03/SSR73-07-di-03.html. The Act further defines physical 
or mental impairment: “"A medically determinable physical or mental impairment is an impairment that results from 
anatomical, physiological, or psychological abnormalities which can be shown by medically acceptable clinical and 
laboratory diagnostic techniques. A physical or mental impairment must be established by medical evidence 
consisting of signs, symptoms, and laboratory findings-not only by the individual's statement of symptoms." 
3 Another definition involves the University of California. Pursuant to the state of California’s regulatory code (41 
CFR Part 60-741), the University of California provides the following information regarding disability status to 
employees: “You are considered to have a disability if you have a physical or mental impairment or medical 
condition that substantially limits a major life activity, or if you have a history or record of such an impairment or 
medical condition.” [Personal communication from Ronald Hays, 4/5/14.]  
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use of an ADL-based disability definition would create potential collinearity problems that could 

bias the study estimates. Further, given that the SSA definition has legal standing and is used, 

among other criteria, to determine eligibility for SSI and SSDI, it was deemed appropriate to 

define disability by assessing whether individuals had applied for SSI/SSDI.  

 Given the SSA disability definition, it is likely that individuals who applied for 

SSI/SSDI would have ADL and/or IADL difficulties. This is important because Tinetti et al. 

(1995) observed that falls among community-dwelling older adults were associated with ADL or 

IADL limitations—of those older adults experiencing a non-injurious fall in the past year, 65% 

reported dependency with at least one ADL/IADL dependency (i.e., required human help with 

the ADL/IADL), while among those reporting an FRI in the past year, 76% reported at least one 

ADL/IADL dependency.97 Difficulties with ADLs have been observed to be associated with 

increased fall and FRI risk.33 A recent study using HRS data also observed that presence of a fall 

history and at least one ADL or IADL limitation was associated with risk of falls.36  

Physical and Emotional Health Status as a Latent Factor 

For the second research question, poor health status is measured in 2006 using three 

“parcels,” or items that load onto the unobserved, latent factor. Each of the items contains several 

or more observed indicators. The first parcel includes a count of the number of ADLs and IADLs 

and a count of the number of chronic health conditions reported by a respondent. Because the 

chronic health condition variable has a range from 0 to 6, the ADL/IADL variable was rescaled 

from an initial range of 0-11 to a range of 0-5.5. The number of ADLs/IADLs was used rather 

than a binary measure of disability in order to have only quasi-continuous latent factor indicators 

in each parcel. (Newer versions of structural equation modeling software can model binary or 

other, non-continuous factor variables. However, variables included in a given parcel should all 
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have a similar distribution in order to fulfill the assumptions of the model specification when 

estimating factor loadings of parcels onto latent factors.) 

As an illustration of the parcel concept, the first parcel averages the values for each of the 

rescaled ADL/IADL variable (with a range of 0-5.5) and the count of chronic health conditions 

variables (with a range of 0-6). For a given respondent in 2006 with a count of one on the 

rescaled ADL/IADL variable (i.e., the respondent reported two ADLs and/or IADLs and thus has 

one rescaled ADL/IADL) and a count of two chronic health conditions, the counts of the two 

variables in the parcel are averaged. Thus, the respondent has an average value of (1+2/2) = 1.5. 

The averaged values for each of the study respondents in 2006 are averaged to create a mean 

parcel score reflecting difficulties with ADLs/IADLs and chronic health conditions. As indicated 

earlier, note that the ADL/IADL and chronic health condition variables are thus assumed to have 

the same factor loading onto the poor health latent factor variable. Since the factor loadings 

represent how the indicator variables are weighted for and correlate with the latent factor, this 

means that the ADL/IADL and chronic health condition indicator variables are assumed to have 

identical weighting and correlations with the poor health latent factor. 

The second parcel includes vision and hearing variables and the third parcel includes a 

reverse-coded cognitive functioning score (where 0 is the highest and 15 is the lowest cognitive 

functioning), a count of the number of functional limitations, and a reverse-coded number of 

years of education (where 0 is 17 or more years and 17 is 0 years of education) reported by the 

respondent. The cognitive functioning score and the number of years of education variables were 

reverse-coded in order that a higher value for each of the variables reflects a poorer health status. 

Aside from the ADL/IADL variable and the reverse-coded cognitive functioning and education 
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variables, each of the variables included in these three parcels is measured in the same manner as 

described above in the description of variables for the first research question.  

Physical and Social Environment 

The physical and social environment, like the physical and emotional health status 

variable, is measured differently across research questions. As described below, this concept is 

measured using observed variables in the first research question and using a latent factor in the 

second research question. (This concept is not measured in the third research question).  

For the first research question, the physical environment was measured with variables 

indicating whether the respondent uses safety devices and equipment in the home. Specifically, 

two dummy variables (1=respondent’s home has features, 0=respondent’s home does not have 

features) are used separately indicating whether respondents’ homes have special features for 

getting around (e.g., ramp, railings, modifications for a wheelchair) and special safety features 

(e.g., grab bars, a shower seat, or a call device to request assistance). The social environment was 

measured with scales from the Psychosocial Survey’s Participant Lifestyle Questionnaire (PQ) 

regarding social support from friends and family and neighborhood social cohesion. Questions 

regarding social support are asked about social integration and quality of interaction with social 

ties. Questions are asked with regard to spouses/partners, children, other family, and friends. 

There are three positive social support items and four negative social support items. A positive 

social support question is, “How much do they really understand the way you feel about things?” 

(See Table 8-2 for the additional survey questions.) Respondents can answer a lot, some, a little, 

or not at all. A lower score indicates less positive social support and a higher score indicates 

more positive social support (1=not at all, 2=a little, 3=some, 4=a lot). A negative social support 

question is, “How often do they make too many demands on you?” Again, the responses were 
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reverse coded so that a lower score indicates less negative social support and a higher score 

indicates more negative social support (1=not at all, 2=a little, 3=some, 4=a lot).  

Positive and negative social support indices for various categories (spouse/partner, 

children, other family, friend) were created using the seven responses by averaging scores within 

each dimension. Indices were only created for those respondents in a given survey wave who had 

at least two positive social support scale responses and at least two negative social support scale 

responses were included as observations in analytic models. The alpha reliability values for the 

positive social support scale for each of the four relationship categories (spouse/partner, children, 

other family, friend) for community-dwelling older adults were 0.80, 0.81, 0.85, and 0.83 in 

2004 and 0.82, 0.81, 0.86, and 0.83 in 2006. The alpha reliability values for the negative social 

support scale for each of the four relationship categories for community-dwelling older adults 

were 0.77, 0.77, 0.77, and 0.75 in 2004 and 0.79, 0.77, 0.76, and 0.73 in 2006. 

The neighborhood social cohesion measure246 indicates levels of social cohesion and 

social trust. Respondents are asked to indicate their agreement with four sets of opposing 

statements (one positive and one negative) using a score from one to seven. For instance, the first 

set of statements was, “I really feel part of this area/I feel that I don’t belong in this area,” where 

a score of one indicates complete agreement with “I really feel part of this area” and a score of 

seven indicates complete agreement with “I feel that I don’t belong in this area.” A score of two 

would indicate slightly less agreement with “I really feel part of this area,” and so forth. The 

other three sets of statements were  “Most people in this area can be trusted/Most people in this 

area can’t be trusted;” “Most people in this are friendly/Most people in this are unfriendly;” and 

“If you were in trouble, there are lots of people in this area who would help you/If you were in 

trouble, there is nobody in this area who would help you.” Each of the scores is reverse coded 
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and an index score is created using averages of scores across the four items. Averaged scores 

range from one to seven, where a higher score indicates greater neighborhood social cohesion 

(i.e., a score of seven indicates the greatest level of social cohesion and a score of one indicates 

the lowest level of social cohesion). Indices were only created for those respondents in a given 

survey wave who had at least two sets of scores for the neighborhood social cohesion measure. 

As discussed in the Methods section in Chapter 5, the social support scales were only 

included in the two PQ surveys beginning in 2004 (the questions were tested in 2004 and were 

then included in the three following PQ surveys in 2006, 2008, and 2010). Thus, inclusion of 

these scales in analyses using 2000-2010 data limits sample size and statistical power. 

Accordingly, the social support and social cohesion scales are not included in main model 

specifications but are instead included in sensitivity analyses, as indicated in Table 4-7. 

 For the second research question, the physical and social environment is measured using 

a latent factor. In this case, the physical environment is measured using the same two 

dichotomous measures (from 2006) as used in the first research question. The social environment 

is operationalized by a social support measure. Social support (in 2006) is a latent variable 

indicated by both positive and negative social support indicators for each of spouses/partners, 

children, other family, and friends (as described above in the section about the first research 

question). There are four parcels—one for each of spousal, children, other family, and friend 

support. In each of the four parcels, positive and negative social support are averaged so that 

each parcel is an indicator of the average, overall level of support for a given relationship 

category. The negative social support variable is reverse coded so that a higher score indicates 

less while a lower score indicates more negative social support. Thus, when positive and 

negative social support are parceled together, the result is an indicator where higher scores 
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equate with a greater level of social support. An individual with a score of 4 on positive social 

support (on a scale from 0-4 where 4 is the greatest positive social support) and a score of 2 for 

negative social support (on a scale from 0-4 where 4 is the greatest negative social support) 

would have an averaged, parcel score of 3.5 (the score of 4 from positive social support is 

averaged with the reverse-coded score of 3 for negative social support). By parceling positive 

and negative social support, the model assumes that these two types of support have similar 

weights and correlations with the latent factor, perceived social support. The model assumes that 

the variance of the perceived social support latent factor can be described well using social 

support from spouses, children, other family members, and friends. 

Medication Use/Psychological Treatment 

Medication use is measured with a dichotomous variable (1=currently uses, 0=does not 

currently use psychiatric medications) indicating whether the respondent uses a tranquilizer, 

antidepressant, or pills for nerves. As indicated in Chapter 2, use of psychotropic and other 

related medications is associated with risk of falls but greater incidence of depression, since 

those individuals who are depressed are likely to use psychotropic medications. 

Adverse Health Shocks: FRIs 

 The third study employed four methods to identify FRIs. The first and second methods 

adapt an algorithm developed by UCLA/RAND researchers235 that identified ICD-9 inpatient 

primary diagnosis codes (for hip fractures, other nonvertebral fractures, head trauma, joint 

dislocations, and injuries identified by health-care claims with ICD-9 external cause of injury 

codes, or e-codes, 880, 881, 882, 884, 885, and 888) as well as outpatient Current Procedural 

Terminology codes as serious fall injuries. The algorithm made use of information from a 

literature review of orthopedic and other clinical studies and clinician judgment. For instance, it 
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identifies all hip fracture diagnoses as fall-related given the finding from one study that 90% of 

hip fractures among older adults are fall-related.191 Scaphoid fractures (fractures at the base of 

the hand) were considered likely to be fall-related, based upon evidence from an orthopedic 

study by Adams et al. (2007),247 while shoulder dislocations were considered fall-related based 

upon a study that observed that 59% of 8,940 dislocations examined were the result of a fall.248  

 The algorithm involves a coding hierarchy, with assignment of a case qualification (CQ) 

score of 1-4 based upon service intensity as indicated in the claims data. Primary or secondary 

diagnostic codes indicating an eligible osteoporotic fracture in an inpatient setting (hospital, ED, 

or SNF) are scored as CQ = 3 or 4. In the outpatient setting, Current Procedural Terminology 

(CPT) codes indicating fracture repair and/or diagnostic codes indicating eligible osteoporotic 

fractures are scored as CQ = 1 or 2. Any e-code fall identifiers in inpatient or outpatient claims 

data is scored as CQ = 4. For more information, see Ganz et al. (2015)235 and/or contact the study 

authors. Note that this study uses a revised version of the algorithm: among others, the original 

algorithm identifies fall episodes and uses a 30-day “washout period” (a new FRI can be 

identified following a 30-day prior period in which no qualifying codes from the end of a prior 

FRI episode) while this study creates an FRI and non-FRI cohort (rather than looks at multiple 

FRIs over time) using a 12-month washout period. In the current study, the first method (“main 

model”) uses FRIs identified in inpatient settings while the second method uses FRIs identified 

in both inpatient and outpatient settings. The second method should have lower cost estimates 

than the first method, given that it includes less serious injuries treated in the outpatient setting.  

 The third identification method is commonly used to identify FRIs in claims data and 

involves the ICD-9 e-codes listed above.199,203,205-207,210,211,249 The reliance on the use of e-codes 

only to identify FRIs is problematic, however.250-252 Authors of one study found that only 7% of 
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hip or femur fractures among older adults had e-codes for their injuries.207 The accuracy of e-

codes was 66% and 73% in two studies.250,251,253 There is also an absence of quality assurance 

activities aimed at monitoring the completeness and validity of e-codes.254 In response, 

researchers have added a broad set of ICD-9 diagnoses to identify FRIs.201,202,207 The fourth 

method uses the above e-codes plus primary inpatient diagnostic codes indicating fractures, 

dislocations, sprains, strains, head injuries, and contusions (800-848, 850-854, and 920-924); for 

more information, see Roudsari et al. (2005)207 and Bohl et al. (2010 and 2012).201,202 The third 

method is somewhat specific (i.e., does not accurately identify episodes in the claims data that do 

not involve FRIs) and somewhat sensitive (i.e., accurately identifies episodes in the claims data 

that do involve FRIs); this method should result in high FRI-related costs, as it likely only counts 

FRIs serious enough to be labeled as fall-related by medical providers. The fourth method is 

insensitive and non-specific, thus likely overcounts FRIs and underestimates FRI-related costs.  

 The four methods resulted in varying sizes of the FRI and non-FRI study cohorts. Using 

the first and second methods, there were 1.9% and 3.0% of the sample in the FRI cohort, 

respectively. Using the third method, with e-codes only, 1.0% of the sample were in the FRI 

cohort. Using the broad fourth definition, 14.4% were in the FRI cohort.  

Medical Treatment Preferences 

 Age, gender, race/ethnicity, and educational and household income levels are measured 

in the same manner as described earlier. Each of these variables can be useful as proxies for the 

preferences that an older individual may have in deciding whether to make use of health care 

services. For instance, with increasing age among older adults, individuals may prefer less 

treatment if they accept the expected health declines associated with aging. On the other hand, 

toward the end of life, individuals may prefer to receive intensive levels of service. Cultural 
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differences in terms of preferences for receiving care may also affect the likelihood of care 

utilization. These cultural differences may be related to gender, race/ethnicity, and age—for 

instance, older individuals from different generations may have different expectations of the care 

they should receive when disabled and/or ill. Women and men as well as individuals from 

different races/ethnicities may both have different ideas about health and healthcare as well as 

experiences or understandings of the healthcare system involving discrimination or cultural 

misunderstandings (such as providers of different gender or race/ethnicity). Educational levels 

may also shape individuals’ preferences. For instance, older individuals with greater levels of 

education may have greater expectations about the effectiveness of care or the need for care 

compared to older individuals with lower levels of education. 

Availability of Medical Care 

 The number of physicians per 100,000 older adults per U.S. county is measured. 

Area Price Levels 

 The Medicare wage index (WI) is used to measure relative, geographic area price levels. 

The WI is an adjustor for the per-discharge Medicare reimbursement for hospital procedures and 

diagnoses under Medicare’s Inpatient Prospective Payment System (IPPS). Generally speaking, a 

WI is applied to all short-term acute general hospitals in a given urban county (or, specifically a 

core-based statistical area, CBSA) or rural area (a non-CBSA). However, there are notable 

exceptions to this practice. The WI is computed using (1) the average hourly costs of nursing 

(highly-skilled registered nurses, and less highly-skilled licensed practice nurses, nursing 

assistants, and medical aides) across hospitals in a given CBSA or non-CBSA and (2) the 

occupational mix of nursing in the hospitals across those same areas. A high average hourly 

wage will increase the WI. An average occupational mix including more costly and highly-
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skilled labor (i.e., more registered nurses and fewer relative licensed practice nurses, nursing 

assistants, and medical aides) will lower the WI. A WI value of 1.0 indicates that the average 

hourly wage for a given CBSA or non-CBSA, adjusted for occupational mix, is equivalent to the 

national, average adjusted hourly wage. A WI value of greater than 1.0 indicates that the CBSA 

or non-CBSA have an average, adjusted hourly wage among hospitals in those areas that is 

greater than the national, average adjusted hourly wage. A WI value of less than 1.0 indicates 

that the CBSA or non-CBSA have an average, adjusted hourly wage among hospitals in those 

areas that is less than the national, average adjusted hourly wage.  

Out-of-Pocket Price of Medical Care 

 Insurance coverage type is measured with a categorical variable indicating whether the 

respondent has Medicare coverage only, supplemental Medicaid coverage, or supplemental 

coverage funded by a former employer. These three categories are mutually exclusive. In model 

specifications, a dummy variable for supplemental Medicaid coverage is used (and Medicare 

coverage only is the reference category for the dummy variable, i.e. Medicare Only=0, Medicare 

and Medicaid=1). A dummy variable for whether the respondent receives supplemental coverage 

from a former employer (yes=1, no=0) is also used. Thus, Medicare coverage only is the 

reference category for the two insurance dummy variables. Each of these insurance types 

involves different copayment, and co-insurance amounts for beneficiaries (i.e., the out-of-pocket 

costs for utilization of health services that are paid by beneficiaries).  
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Table 4-7. Variables Used in Main Analytic Models and Sensitivity Analyses for the Dissertation’s Three Research Questions 

Dissertation Research Question 1. Caregiving Receipt and Falls 

2. Emotional Distress  

and Falls 

3. Marginal Medical Costs of 

FRIs 

Years of Data Used in Analysis 2000-2010 2006-2010 2006-2010 2007-2009 

Measurement Variables  

 Main Analysis 
Sensitivity 
Analysis Main Analysis 

Sensitivity 
Analysis Main Analysis 

Sensitivity 
Analysis 

Falls (NIFs/FRIs)       

Self-reported NIFs X X X X X X 

Self-reported FRIs X X X X X X 

Claims-based FRIs     X X 

       

Caregiving Assistance       

Informal caregiving hours X X     

Formal caregiving hours X X  X   

       

Emotional Distress (Indicators of the Depressive 

Symptoms Latent Variable)       

Felt depressed   X X   

Everything was effort   X X   

Restless sleep   X X   

Happy    X X   

Lonely   X X   

Enjoyed life   X X   

Felt sad   X X   

Could not get going   X X   
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Dissertation Research Question 1. Caregiving Receipt and Falls 

2. Emotional Distress  

and Falls 

3. Marginal Medical Costs of 

FRIs 

Years of Data Used in Analysis 2000-2010 2006-2010 2006-2010 2007-2009 

Medical Costs       

Medicare FFS costs (inpatient, outpatient, skilled 
nursing facility, home health, durable medical 
equipment)     X X 

       

Physical and Emotional Health Status       

Chronic Condition Index X X X X X X 

Visual Impairment X X X X X X 

Hearing Impairment X X X X X X 

Cognitive Impairment X X X X X X 

Functional Limitations Index X X X X X X 

Disability X X X X X X 

CES-D Score     X X 

Age X X X X X X 

Gender X X X X X X 

Marital status X X X X X X 

Race/ethnicity X X X X X X 

Educational level X X X X X X 

Total household income X X X X X X 

       

Medication Utilization       

Psychiatric medications X X X X X X 

       



 107

Dissertation Research Question 1. Caregiving Receipt and Falls 

2. Emotional Distress  

and Falls 

3. Marginal Medical Costs of 

FRIs 

Years of Data Used in Analysis 2000-2010 2006-2010 2006-2010 2007-2009 

Physical and Social Environment       

Presence of safety features in home  X  X   

Presence of special features in home  X  X   

Positive social support  X X X   

Negative social support  X X X   

Neighborhood social cohesion  X X X   

       

Financial Resources       

Total Household income X X X X X X 

       

Out-of-Pocket Medical Costs       

Medicaid coverage     X X 

Health maintenance organization coverage     X X 

Monthly insurance premium     X X 

       

Availability of Medical Care       

Number of geographic providers in respondent’s 
county of residence     X X 

       

Medicare Price Levels       

Medicare’s geographic wage index value     X X 
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Chapter 5 : Methods 

First Research Question: Receipt of Caregiving, Type of Caregiving, and Risk of Falls/FRIs 

Study Design 

The first research question used a quasi-experimental study design with 10 survey waves 

of pooled data comparing risks of falls (both NIFs and FRIs) among respondents receiving and 

not receiving caregiving assistance in the past wave (i.e., two years). The unit of analysis for this 

study is a paired set of person-observations (where each observation includes a predictor and an 

outcome measured in two separate survey waves, as discussed below). To help account for 

potential endogeneity that might be present in a pooled, cross-sectional analysis, lag variables 

were created to assess falls in waves subsequent to the survey waves in which the risk predictors 

were measured. That is, predictors such as caregiving receipt were measured in time t and falls 

were assessed in time period t+1 across the six survey waves (i.e., 2000, 2002, 2004, 2006, 

2008, 2010). Thus, overall, predictors were only measured in 2000-2008 and falls were only 

measured in 2002-2010. This means that, for a respondent participating in the study in 2006, 

2008, and 2010, caregiving receipt (and other predictors) in 2006 is used to predict falls in 2008 

and caregiving receipt (and other predictors) in 2008 is used to predict falls in 2010. The study 

data are pooled in the sense that both the caregiving receipt-falls relationship for both t and t+1 

periods (i.e., 2006-2008 and 2008-2010) are included in the regression estimation. A sensitivity 

analysis was also run in which an instrumental variables analysis was used in order to address 

potential endogeneity in the model. Standard errors in the model are adjusted to account for 

“intracluster correlations”—the use of repeated observations from single respondents—using 

generalized estimating equations,255 which adjust for the lack of independence among 

observations. 
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Model Estimation 

In order to test for significance at p<.05 in bivariate analyses of falls (no fall, NIF, FRI), I 

used chi-squared tests for categorical predictor variables and unadjusted multinomial probit 

models (MP) for continuous predictor variables. For multivariate analyses, I specified MP 

models in which the dependent variable consisted of three alternatives—no fall, non-injurious 

fall (NIF), and FRI. MP is a type of qualitative choice model based on utility maximization to 

estimate the probability of selecting a given alternative in a choice set of alternatives. MP models 

are preferred to multinomial logit models when model data violate the independence of irrelevant 

alternatives (IIA) assumption, which is probable with my data.256 There are likely factors that 

would increase the probability of both a NIF and an FRI and would decrease the probability of a 

non-fall outcome. That is, NIFs and FRIs are near substitutes with similar predictors according to 

the falls literature. Accordingly, the IIA assumption is likely violated. Multinomial logit models 

were also run and results were similar to MP estimation results. I report MP results in Chapter 6. 

I opted to examine NIFs and FRIs separately (and thus used a categorical rather than a binary 

outcome variable and an MP as opposed to a logistic or probit model) because, conceptually, 

NIFs and FRIs may be associated with different risk predictors. By using a categorical outcome 

that distinguishes between NIFs and FRIs, I can assess whether caregiving assistance 

differentially predicts NIF and FRI risk. I used Stata 13 for all analyses. 

I specified three models to test the three study hypotheses (H1.1-H1.3, as described in 

Chapter 1) for this first research question. See Table 5-1 for a list of models used for this first 

research question. I first specified an MP model (Model 1, or M1) that included the categorical, 

dependent variable (no fall, NIF, FRI) and a set of predictor variables. The main predictor 

variables of interest were sets of dichotomous indicators of support from formal and informal 
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caregivers, respectively. Dummy variables were created for each of: no formal and no informal 

care, no formal and low levels (1-20 weekly hours) of informal care, no formal and high levels 

(>20 weekly hours) of informal care, any formal and no informal care, and any formal and any 

informal weekly care (where no formal and no informal care is the reference category). Another 

formulation of formal and informal caregiver support, which used sets of dichotomous indicators 

corresponding separately to the levels of formal and informal caregiver support, was used in a 

sensitivity analysis, as described in Chapter 4. Information regarding the other predictor 

variables—besides the main predictors of interest, the caregiving support variables—can also be 

found in the Measurement section in Chapter 4.  

To assess H1.1, whether or not caregiving support was associated with reduced fall risk, I 

assessed whether informal and formal (both formal only and formal with informal) care 

categories were associated with each of NIF and FRI risk. To assess H1.2, I compared regression 

coefficients as well as marginal probabilities and statistical significance of informal and formal 

caregiving predictors. I also used Wald tests to assess whether point estimates were statistically 

similar across caregiver categories (using the main—and not the alternative—caregiver category 

construction described above). These tests helped determine whether, compared to informal care, 

formal care reduced NIF and FRI risks to a greater extent. In order to assess H1.3, I next 

stratified the data according to cognitive impairment status (Models 2 and 3, or M2 and M3) and 

estimated MP models using the same predictor variables as in M1. A decision was made to use 

stratified models (rather than use an interaction term in the main model) because the type of 

models used in this analysis (multinomial probit models) do not lend themselves to simple 

interpretation of interaction terms; conceptually, stratified models seemed appropriate (and 

superior as an approach to first empirically testing for an interaction before stratifying) and there 
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was enough sample size to observe a significant association in the stratified model with only 

cognitively impaired older adults (n ~ 900). 

Because the output (e.g., coefficients) of MP models is not easily interpretable, I 

estimated predicted probabilities (which in some cases have different signs than MP coefficients) 

and marginal probabilities in tables and figures. Predicted and marginal probabilities are 

statistics computed following the estimation of the model and which provide estimates of the 

outcome assuming a covariate or set of covariates is fixed across the dataset. 257 For instance, the 

predicted probability of a NIF from recipient of no informal and no formal weekly caregiving 

hours is estimated by treating every observation in the datasets as having no informal and no 

formal weekly caregiving hours. The predicted probability is the average of the predictions 

wherein the other model covariates are kept at their observed values.257 

The marginal probability of having a NIF for a respondent with (a) 1-20 informal and no 

formal compared to a respondent with (b) no informal and no formal weekly caregiving hours is 

computed similarly. The marginal probability indicates the discrete change in probability across 

response categories for categorical variables, such as the informal and formal caregiving 

categorical variable (thus, I provide the marginal probabilities of each dummy variable indicating 

the amount of formal and informal weekly caregiving compared to zero formal and zero informal 

weekly caregiving hours). For continuous variables, the marginal probability uses the fitted 

values from the MP model to estimate the instantaneous rate of change (using derivatives) in the 

probability of the outcome. The instantaneous rate of change can be very different than the 

change in the outcome associated with a 1-unit increase in the predictor of interest.257 
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The standard errors for the predicted probabilities and marginal probabilities are obtained 

using a first-order Taylor series expansion, which assumes that the covariate values used to 

obtain the margins are fixed.257 

Sensitivity Analyses 

 To explore additional scenarios or interpretations of the caregiver relationship with falls 

in the context of the disablement process model, several sensitivity analyses were performed 

using the main dataset (see Table 5-1 below). First, an alternative construction of the main 

regressor of interest, concerning caregiving receipt, was used (S1). Rather than using a single set 

of dichotomous variables indicating the amount and type of caregiving received by respondents, 

two sets of such dichotomous variables were used. Whereas in the main analysis, there are 

mutually exclusive categories jointly indicating formal and informal caregiving receipt, here 

there are separate dummy variables indicating informal caregiving support and formal caregiving 

support. Thus, there are three dichotomous dummy variables for weekly formal caregiving hours 

(0, >0-10, and >10, where 0 hours is the reference category) and four dichotomous dummy 

variables for weekly informal caregiving hours (0, >0-10, >10-30, and >30, where 0 hours is the 

reference category. A Wald test was used to determine whether formal and informal caregiving 

were jointly significant at p < .05 for each of NIFs and FRIs. If the two types of caregiving 

support are not jointly significant, then H1.1 is not supported, whereas if they are jointly 

significant, then H1.1 is supported. 

 A second sensitivity analysis was used to examine whether the addition of psychosocial 

variables (defined in Chapter 4 in the “Measurements” Section) alters the associations of the 

caregiving receipt main predictor variables with the fall type outcomes (S2). S2 used the same 

variables as the main model, except that it additionally included three psychosocial variables: 
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neighborhood social cohesion and positive and (reverse-coded) negative social support. This 

analysis is done as a sensitivity analysis due to the fact that inclusion of the psychosocial 

variables would greatly reduce the sample size of the main models (as noted in Chapter 4, the 

sample of respondents who responded to the supplemental Psychosocial Survey is much smaller 

than the overall sample). The analytic sample for S3 is a subset of the main model sample. 

 Similar to S2, a third sensitivity analysis (S3) used the same variables as the main model, 

but additionally included two home safety feature variables: home safety features for getting 

around (a ramp, railings, or modifications for a wheelchair) and special safety features (grab 

bars, a shower seat, or a call device or another system to get help when needed) for someone 

with a disability. As with S2, the analytic sample is smaller than the main model sample.  

 A fourth sensitivity analysis (SM4) included prior falls as predictor variables along with 

the predictor variables used in the main model. Falls are strong predictors of future falls and 

possibly of caregiving receipt and thus may confound the relationship between caregiving receipt 

and falls in the study. 

A fifth sensitivity analysis (SM5) assessed whether missingness in data from survey 

respondents affected model estimates. As discussed in Chapter 4, there were 45,187 potential 

observations and 44,538 observations in the final analysis of the main model. Multiple 

imputation methods based on iterated chained equations with five datasets were used. Since the 

RAND HRS included imputed income and wealth information, the main models did not include 

a complete-case analysis; accordingly, the datasets imputed for the purposes of this dissertation 

did not require imputation of those two variables, but instead only imputed those variables with 

incomplete information. See the Appendix (Chapter 7) for further details. 
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Because caregiving was considered an endogenous regressor, a sixth sensitivity analysis 

(SM6) used an instrumental variables (IV) analysis to address model endogeneity. The concern 

was that the endogeneity would result in biased estimates—whereby estimates would be biased 

in the upward direction toward the null (assuming that the empirical associations between 

caregiving and falls were negative) due to unmeasured health characteristics that confound the 

association between caregiving and falls. The reasoning behind this assessment of potential bias 

is as follows: the presumed association between unmeasured (poor) health and caregiving is 

positive, meaning that as health worsens care receipt becomes more likely; additionally, the 

presumed association between (poor) health and falls is positive, meaning that as health worsens 

falls become more likely. Since both of these unmeasured associations involve positive 

relationships, the cumulative bias due to not controlling for unmeasured health confounding is 

positive. Thus, the endogeneity in the relationship between care receipt and falls (which implies 

that there may be unmeasured health characteristics driving both care receipt and falls) is 

presumed to lead to an upwardly biased estimate of the magnitude of the care receipt-falls 

association. (Note that this upwardly biased estimate would be expected for each of the informal 

and formal care categories.) The use of an IV model to assess the relationship is thus expected to 

produce estimates of negative association (for each endogenous care receipt category) that are 

greater in magnitude than the estimates obtained when using the model without instrumental 

variables.  

However, when using IV models, it is necessary to have as many instruments as there are 

endogenous predictor variables.  We were able to identify two instruments that predicted care 

receipt but did not predict falls after controlling for other model predictors. Thus, we were not 

able to estimate the IV model using each of the five endogenous caregiving predictor variables. 
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Instead, we estimated an IV probit model using a single, collapsed caregiver variable. The 

following steps were thus taken with the IV probit model. Two of the fall outcome categories, 

NIFs and FRIs, were combined into a single fall outcome and an IV probit model was estimated 

using two instruments: (1) whether a respondent had a spouse and (2) the number of children of 

the respondent. Several steps were taken before estimating the IV probit model. The endogenous 

regressor, caregiving receipt, was collapsed into a binary variable (received care or did not 

receive care).  First, it was determined whether the presumed endogenous regressor was 

endogenous; this was done using the Hausman-Wu test and an augmented regression approach. 

Next, a Sargan test was used to assess whether two instruments predicted the caregiver variables, 

after controlling for the other covariates used in the main analysis; also, the instruments were 

tested for excludability (whether the instruments had negligible effects on the fall outcome after 

controlling for covariates) (see Table 8-13).  The IV probit model results were compared to a 

probit model using the same dichotomous care receipt predictor variable and the dichotomous 

fall outcome (see Table 8-14). 
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Table 5-1. Descriptions of Models Used in First Research Question, Including Research Questions and Hypotheses Tested 

 Model Description, Including Main Predictor Variable Research Questions and Hypotheses Tested 

Main Analyses M1 Five formal/informal caregiving dummy variables (e.g., 0 
weekly formal and 21+ weekly informal caregiving hours) 

1) Is caregiving receipt (i.e., joint formal/informal caregiving receipt) 
associated with decreased fall risk among older adults? (H1.1) 

2) Is formal caregiving receipt associated with greater decreases in fall 
risk among older adults compared to formal caregiving? (H1.2) 

M2 Stratified model only examining cognitively impaired 
respondents. Same main predictor variable as above. Is caregiving receipt associated with greater decreases in fall risk among 

cognitively impaired compared to non-cognitively impaired older individuals? 
(H1.3) M3 Stratified model only examining non-cognitively impaired 

respondents. Same main predictor variable as above. 

Sensitivity 
Analyses 

SM1 Two formal and three informal caregiving dummy variables 
(e.g. 1-10 weekly formal caregiving hours) 

 

Are different levels of formal and informal caregiving receipt associated with 
decreases in fall risk among older adults? (H1.1, H1.2) 

SM2 Same main predictor variables as in M1. Model includes 
HRS “psychosocial” variables: self-mastery, constraint, 
neighborhood social cohesion, positive and negative social 
support. 

1) Is caregiving receipt (i.e., joint formal/informal caregiving receipt) 
associated with decreased fall risk among older adults? (H1.1)  

2) Is formal caregiving receipt associated with greater decreases in fall 
risk among older adults compared to formal caregiving? (H1.2) 

SM3 Same main predictor variables as in M1. Model includes 
HRS home safety features variables: home safety features 
and special safety features. 

1) Is caregiving receipt (i.e., joint formal/informal caregiving receipt) 
associated with decreased fall risk among older adults? (H1.1)  

2) Is formal caregiving receipt associated with greater decreases in fall 
risk among older adults compared to formal caregiving? (H1.2) 

SM4 Same main predictor variables as in M1 but adds prior NIFs 
and prior FRIs as predictor variables. 

Tests H1.1, H1.2, and H1.3 

SM5 Missing data are imputed. Same main predictor variables 
and covariates used in M1. 

Assess whether data missingness “impacts” model estimates. 

SM6 IV probit model used to address potential endogeneity of 
predictor of interest (caregiving receipt) with outcome 
variable (falls) 

Tests H1.1 and H1.3 
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Second Research Question: NIFs/FRIs and Emotional Distress Model 

Study Design 

I employ “cross-lagged panel” analyses258,259 with structural equation modeling (SEM) to 

evaluate the temporality of the associations between falls and depressive symptoms from 

respondents in the HRS waves in 2006-2010. Cross-lagged panel models make use of time 

ordering of variables, because causes necessarily precede effects. With respect to the variables of 

interest in this study, falls in 2008 cannot cause falls in 2006. Accordingly, subject to a number 

of assumptions, a model may suggest that falls in 2006 are causally associated with depressive 

symptoms in 2008. Inferences from SEMs are subject to the assumption that the model is correct 

and that model errors are random as opposed to systematic (such as from selection bias, 

mismeasurement, or uncontrolled confounding).260 Cross-lagged panel analyses have been used 

in a number of studies examining relationships between constructs of theoretical interest in 

which both constructs may be predictors and outcomes.258,261-264 

SEMs involve multivariate analysis and latent factor variables and can, to some extent, 

account for endogeneity by simultaneously estimating multiple causal relations.260 By contrast, 

model specifications often used with longitudinal data, such as random effects, generalized 

estimation equations, and Cox regressions, can produce biased estimates when endogenous 

confounders are in the model.260 SEMs can also be free from the influence of measurement error 

and are useful for testing and modifying theoretical models.265,266  

SEMs have measurement and structural model components in which the measurement 

model “specifies the relations of the observed measures to their posited underlying constructs, 

with the constructs allowed to intercorrelate freely” (p. 411).266 In the measurement model, a 

scale for each latent factor is created by either fixing one of the regression coefficients of the 
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observed indicators to one (in which case the variance of the indicator is the same as the variance 

of the latent factor) or by fixing the variance of each latent factor to one.267 In the first case, the 

model is unstandardized and in the second case, the model is standardized. 

The structural model specifies the “causal” relationships between the constructs as well 

as other observed variables in the model.  

The SEM estimates model parameters (variances/covariances of independent variables 

and regression coefficients for paths between variables) of a theoretical model using study data 

and permits “the empirical adequacy of the model to be assessed on the basis of the degree of fit 

of the model to appropriate sample data”265 (p. 79). The covariance matrix of the sample data is 

compared to the estimated covariance matrix implied by the theoretical model to determine 

whether the theoretical model fits the data. In order to make such a comparison, or to identify an 

SEM, each of the estimated parameters requires a unique solution. For this to occur, there must 

be a greater number of data elements in the model (i.e., variance/covariances) than parameters to 

be estimated. If this is not the case, then the model is either under-identified (fewer data elements 

than parameters to be estimated) or just identified (same number of data elements as parameters 

to be estimated). The models in the current study are identified. 

Cross-Lagged Panel Analyses and SEM Applied to Falls and Depressive Symptoms  

Using cross-lagged panel analyses with SEM, it is possible to simultaneously examine 

depressive symptoms and falls as model predictors and dependent variables using panel data. 

The proposed structural model was provided in Chapter 3 and the measurement model indicating 

the variables used to represent concepts was provided in Chapter 4. Below, Figure 5-1 depicts a 

cross-lagged panel model with three time periods and without baseline covariates that will be 

used to estimate associations between FRIs and depressive symptoms. Note than an additional 
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model will be estimated in order to evaluate the relationship between NIFs and depressive 

symptoms. Also note that each time period in the figure below represents a survey wave in the 

HRS dataset. Specifically, time periods 1, 2, and 3 represent 2006, 2008, and 2010, respectively.  

In the analytic model illustrated below, a number of regressions are simultaneously 

estimated. Depressive symptoms at time 2 are regressed on FRIs and depressive symptoms at 

time 1. Similarly, FRIs at time 2 are regressed on depressive symptoms at time 1. FRIs and 

depressive symptoms at time 1 are allowed to correlate with one another, and the residuals from 

FRIs and depressive symptoms at time 2 are allowed to correlate. The model evaluates the extent 

to which the structural coefficients (discussed further below) for the path from FRIs at time 1 to 

depressive symptoms at 2 and the path from depressive symptoms at time 1 to FRIs at time 2 are 

statistically significant. Specifically, I assess the structural coefficients of the cross-lags, 1-4, as 

labeled below in Figure 5-1. 

The same logic is applied to the interpretation of the relationships between FRIs and 

depressive symptoms in times 2 and 3. Each of the regressions thus estimates associations 

involving a lagged predictor and an outcome, where the lagged time period is a two-year time 

period. Longer lagged time periods are also used. As shown in Figure 5-1, paths 1a and 2b show 

the indirect associations between depressive symptoms in 2006 and FRIs in 2010 and between 

FRIs in 2006 and depressive symptoms in 2010, respectively. Path 1a consists of a continuous 

path indicated by the number 1 and the letter a, while path 2b consists of a continuous path 

indicated by the number 2 and the letter b. 

In each of Figures 5-1 and 5-2, circles represent latent variables while squares indicate 

observed variables. Depressive symptoms, poor health status (not including depressive 

symptomatology), perceived social support, and neighborhood social cohesion are latent 
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variables included in the full model; however, in Figure 5-1 below, for simplicity in describing 

the study design, no baseline covariates are included and thus the only latent variable shown is 

depressive symptoms in each of 2006, 2008, and 2010. In Figure 5-1, FRIs are observed 

variables. Additional observed variables in squares are those indicator variables that reflect an 

underlying latent construct.  

As noted in Chapter 4, rather than use eight, separate indicators for each depressive 

symptoms variable, I instead allocate the indicators to four parcels for each depressive symptoms 

variable. In Figure 5-1, the indicators D1_2006, D2_2006, D3_2006, and D4_2006 are four 

separate parcels that load onto the 2006 depressive symptoms variable (shown as DEPR_2006 in 

the figure). Parcels are discussed further below in the model estimation section. 
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Figure 5-1. Illustration of Generic Cross-lagged Panel Analysis with Structural Equation Modeling over Three Time Periods 
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Figure 5-2. Illustration of Cross-lagged Panel Analysis with Structural Equation Modeling without Baseline Covariates for Examination of Temporal 

Associations between Depressive Symptoms and Fall-related Injuries over Three Time Periods 

 
  

Note: For time 1, indicators D1_2006, D2_2006, D3_2006, and D4_2006 are four separate parcels that load onto the 2006 depressive symptoms variable, 
DEPR_2006. For times 2 and 3, the indicators also represent parcels that load onto a depressive symptoms variable (DEPR_2008 and DEPR_2010). FRIs in 
each of the three time periods are indicated by fri2006, fri2008, and fri2010. ε is the error associated with each of the indicators of the latent depressive 

symptoms variables. 
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Figure 5-3. Illustration of Cross-lagged Panel Analysis with Structural Equation Modeling with Baseline Covariates for Examination of Temporal 

Associations between Depressive Symptoms and Fall-related Injuries over Three Time Periods 

 

 

Note: For time 1, indicators D1_2006, D2_2006, D3_2006, and D4_2006 are four separate parcels that load onto the 2006 depressive symptoms variable, 
DEPR_2006. For times 2 and 3, the indicators also represent parcels that load onto a depressive symptoms variable (DEPR_2008 and DEPR_2010). FRIs in 
each of the three time periods are indicated by fri2006, fri2008, and fri2010. ε is the error associated with each of the indicators of the latent depressive 

symptoms variables. 
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Model Estimation 

Cross-lagged models were fit using SEM, which allows for multiple dependent variables 

to be regressed simultaneously while controlling for a number of baseline factors. As noted 

above, the SEM consists of two components: a measurement model and a structural model. The 

measurement model assesses the fit of the latent constructs indicated by a number of observed 

variables. For instance, four parcels indicate the depressive symptoms latent construct, with each 

parcel containing two observed variables from the CES-D scale.  

Four parcels were used for the eight indicators and indicators were allocated to the four 

parcels based upon an analysis using correlations among the eight indicators. The eight indicator 

variables were felt depressed, felt sad, enjoys life, felt happy, felt lonely, felt unmotivated, had 

restless sleep, and felt everything is an effort. In my analysis to determine how to allocate the 

eight indicator variables to the four parcels, I initially placed pairs of items with the highest 

correlations in each of four parcels. However, overall, I tested three separate models with 

indicators allocated differentially among the four parcels plus an additional model with the eight 

indicators allocated among only three parcels and then used the best model as indicated by 

common measures of fit used in factor analysis.  

Little et al. (2002) suggest balancing the parcels in terms of their loadings on the latent 

variable.268 Thus, they recommend constructing parcels by placing items with the highest 

loadings into separate parcels and then allocating the items with the next-highest loadings to the 

parcels in inverted order (i.e., allocating the item with the lowest loading into the same parcel as 

the item with the highest loading and placing the item with the second-lowest loading into the 

parcel with the second-highest loading, etc.). In the final structure I selected for the depressive 

symptoms latent factor for years 2006, 2008, and 2010, the parcels were primarily, though not 
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perfectly, balanced with respect to item factor loadings. The model with the best measures of fit 

for each of 2006, 2008, and 2010 had the following parcel components: (1) felt happy and enjoys 

life, (2) felt sad and felt lonely, (3) sleep was restless and felt unmotivated, (4) felt depressed and 

felt everything is an effort. The individual loadings of those items were: felt happy (0.37) and 

enjoys life (0.34), felt sad (0.40) and felt lonely (0.36), sleep was restless (0.28) and felt 

unmotivated (0.31), and felt depressed (0.42) and felt everything is an effort (0.34). 

Four parcels also indicate the perceived social support latent construct while three parcels 

indicate the poor health construct. The structural model component of the SEM involves the 

observed variables of the model, including FRIs (or, in a separate model, NIFs), certain baseline 

covariates, as well as certain relationships between those observed variables and other observed 

variables and with the latent constructs. The unidirectional arrows labeled 1-4 in Figure 5-1 

indicate structural coefficients that will be estimated in the SEM. In SEM, the structural model is 

estimated following estimation of the measurement model. The primary difference between the 

structural and measurement models is that the measurement model estimates the relationships 

between the unobserved factors and observed indicators while the structural model estimates the 

structural relationships between falls and depressive symptoms (estimates cross-lags). 

Parceling Observed Indicators and Controlling for Baseline Covariates 

 Thus, first I allocated the items to parcels for three of the four latent constructs 

(depressive symptoms, perceived social support, and poor health) used in the model. Next, I 

estimated respective measurement models for each of (a) 2006, (b) 2006 and 2008, and (c) 2006, 

2008, and 2010. I estimated these measurement models using incremental numbers of survey 

waves of data to ensure appropriate model fit. It is unlikely that model (c) would fit if models (a) 

and (b) did not have adequate fit. After estimating the full measurement model with 2006-2010 
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data, I next estimated the structural model including baseline covariates in 2006. I did not 

include additional covariates in 2008 and 2010. First, as noted in Chapter 4, the psychosocial 

variables used to indicate several of the model’s baseline latent variables (i.e., social support and 

social cohesion) were not available for individuals for each of the three survey waves examined 

in the study (i.e., 2006, 2008, and 2010): the psychosocial leave-behind survey was administered 

to just half of eligible respondents in each survey wave. Accordingly, I cannot measure any 

individual’s social support or social cohesion in all three of the study’s survey waves. It would 

be possible to include poor health indicators in all three waves of the cross-lagged panel model 

as observed variables used to indicate the poor health latent indicator variable are present in each 

of the 2006, 2008, and 2010 survey waves. However, when poor health latent variables were 

included for 2008 and 2010, in addition to baseline values from 2006, the model did not 

converge.  

 By controlling for baseline covariates in 2006, I accounted for potential joint factors 

influencing depressive symptoms and falls (see Chapter 2 for a discussion of such joint factors). 

Unmeasured associations between these joint factors and depressive symptoms and falls in 

subsequent years (2008 and 2010) are captured in the covariances (pathways between depressive 

symptoms and falls in 2008 and 2010 with the double-headed arrows in Figure 5-1) in the model. 

By not controlling for these covariates in 2008 and 2010, the magnitude of the structural 

coefficients (for pathways 3 and 4 as well as pathways 1a and 2b) may be overestimated if, for 

instance, health status changes between survey waves. However, health status in 2006 is likely to 

predict health status in 2008 and 2010 and other covariates measured in 2006 are unlikely to 

have changed considerably by 2008 and 2010. Other studies using cross-lagged panel analyses 

typically do not control for covariates in later waves (or in any waves) of the 
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analyses.261,262,264,269 I also estimated covariances between observed indicators (of latent 

variables) and between latent variables. See the Appendix (Chapter 7) for additional details. 

Following fit of the structural model using three waves of data (2006, 2008, and 2010 

where 2006 is time 1, 2008 is time 2, and 2010 is time 3), I modified the initial SEM model 

where there were non-significant parameter estimates including direct effects of the time 1 

measures on the time 2 measures and of the time 2 measures on the time 3 measures.270 Because 

just a few parameter estimates were non-significant in the model, I trimmed a very few model 

pathways in the final NIF and FRI models. For the NIF model, I trimmed the pathways between 

2006 NIFs and social support and 2006 NIFs and neighborhood social cohesion in 2006, 

respectively. For the FRI model, I trimmed only the pathway between 2006 FRIs and 

neighborhood social cohesion in 2006. 

Assessing Goodness-of-Fit of Models 

The fit of the SEM was evaluated using chi-squared tests and practical fit indices: the 

comparative fit index, rho and delta.263,271 I follow Hays et al.,262 and Kenny et al.258 to ensure 

appropriate model identification and model assumptions. The cross-lagged panel analysis 

assumptions are a) synchronicity and b) stationarity, plus assumptions about correlations.258 See 

the Appendix (see Chapter 7) for additional information on these assumptions.  

 Considerable information regarding SEM, including goodness-of-fit indices, and 

measurement and structural components, is available.262,270,272,273 Below, however, a brief 

overview of relevant terms that will assist with the interpretation of the study findings in Chapter 

6 is provided. Goodness-of-fit indices were used to determine whether the theoretical model of 

interest has an acceptable fit, i.e., a covariance matrix that “fits” the observed covariance matrix 

derived from the structural equation model. These indices “can be viewed as approximations of 
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the percentage of variance in the actual dataset that is explained by the proposed model” (p. 

444).262 First, the chi-square statistic was used. A significant chi-square test indicates that that 

the observed covariance matrix is the same as the model covariance matrix in either the NIF or 

FRI model. However, the sample size can increase the ability of the chi-square test to observe a 

discrepancy between the observed covariance matrix and the matrix predicted by the 

model.267,274 Thus, models with very small sample sizes always have a significant test result 

while with large samples the test result is likely to be non-significant272 and thus the chi-square 

test is “a notoriously bad measure of fit” (p. 672).267 The two cross-lagged panel models 

estimated here had large sample sizes of 13,439. Accordingly, other goodness-of-fit indices were 

obtained and assessed. 

 The comparative fit index (CFI) assesses the relative fit (i.e., whether the observed 

covariance matrix fits the covariance matrix of the predicted model) for the target model (the 

model that includes correlations between variables) and the independent model (the same model 

but without correlations between variables). The chi-square test estimates the discrepancy 

between the target model and the independent model, i.e., whether the target model is better than 

the independent model.  

The CFI is computed as:  

 The normed fit index (NFI) compares the target model to the null model.275 The null 

structural model is one in which “all parameters relating the constructs to one another are fixed at 

zero (i.e., there are no posited relations of the constructs to one another) (p. 418).”276  

The NFI is calculated as:   

This means that an NFI of 0.95 indicates that the theoretical model has a 95% better fit than the 
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null model.275 Because the fit of the model can be overestimated in models depending on the 

number of parameters included, or the complexity of the model, the NFI is often used in addition 

to the CFI to assess goodness-of-fit, as is the non-normed fit index, or Tucker-Lewis Index 

(TLI).272  

The TLI is computed as:   

The root mean square error of approximation (RMSEA) compares the fit of the theoretical model 

compared to a saturated model (a model that reproduces all of the variances, covariances and 

means of the observed variables).267,277  

The RMSEA is computed as:  

A better-fitting model has a smaller value in the numerator and a misspecified model has a 

higher value in the numerator.267 Thus, the smaller the RMSEA, the better the model fit. 

 A model is considered to have acceptable fit272,278 if the CFI exceeds 0.93,279 the Normed 

Fit Index (NFI) exceeds 0.90280 or 0.95,281 and the RMSE is less than 0.08282 or, preferably, less 

than 0.05272,283 or 0.06.267 

Assessing the Measurement Components of the Model 

 Factor loadings in SEM can be interpreted in the same way as in factor analysis.272 A 

standard error and p-value are provided in the output (see Chapter 6) to assess the significance of 

factor loadings on their respective latent factors. Observed indicators that are more “like” the 

latent factor have higher loadings while those less “like” the latent factor have lower loadings. 

“Likeness” can be defined as the “overlapping true variance” between the indicator and the 

factor (p. 209).273 Specifically, the square of the loading is the amount of overlapping variance. 
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In other words, a loading of 0.50 indicates a shared variance of , or 25% shared 

variance while a loading of 0.90 indicates a shared variance of , or 81%. Some 

have suggested that items with loadings of less than 0.30 (or shared variance of less than 9%) 

should not be included as latent factor indicators; also, a loading of 0.45 to 0.54 is fair, 0.55 to 

0.62 is good, 0.63 to 0.70 is very good, and 0.71 and above is excellent.273 Ideally, a factor 

should have several observed indicators with high, i.e., very good or excellent, loadings.2734 

 The SEM can be both standardized and unstandardized, which can affect how factor 

loadings and other model parameters are estimated. In an unstandardized model, one of the factor 

loadings is constrained to equal one while the other loadings as well as the variance of the latent 

variable is unconstrained and can be estimated.284 In a standardized model, the variance of the 

latent variable is fixed (and thus is not estimated).272 To get a standardized from an 

unstandardized factor loading, the loading is multiplied by the ratio of the standard deviation of 

the latent variable to the standard deviation of the indicator.284 Standardized factor loadings 

range from zero to one. In Chapter 6, both unstandardized and standardized factor loading scores 

are provided. Note that the guidelines for interpreting the quality of the loading (i.e., poor, fair, 

good, very good, or excellent) are based upon standardized factor loadings. 

Assessing the Structural Components of the Model 

 The structural components of the SEM (i.e., the regression coefficients for the 

associations between the latent variables and other latent variables, latent variables and observed 

variables, and between observed variables and other observed variables) can be interpreted using 

model output such as whether or not the associations were statistically significant. The 

unstandardized estimates divided by the standard error of the estimates result in a test statistic 

                                                        
4 In their discussion of interpreting factor loadings, Pett, Lackey, and Sullivan (2003) refer to commentary by 
Comrey, A. L. and Lee, H. B. (1992). A first course in factor analysis. Hillsdale, NJ: Lawrence Erlbaum. 
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that is used in determining a p-value. Both unstandardized and standardized estimates (which are 

more easily interpretable than unstandardized estimates)267 are provided in Chapter 6. 

Predicted Probabilities 

 With the MPlus software package, SEMs with dichotomous dependent variables utilize a 

probit estimation (called a weighted least squares estimation) that produces probit coefficients 

while continuous outcomes are estimated using OLS regression.285,286 This means that the 

estimated coefficients for the categorical outcomes (in this case, NIFs in the NIF model and FRIs 

in the FRI model) indicate the relationship between the predictor of interest and the assumed 

latent continuous variable underlying the dichotomous observed variable. The sign and statistical 

significance of the probit coefficients are interpretable, but the magnitudes of the coefficients are 

not easily interpretable.  

 In order to more easily interpret these estimates, I computed predicted probabilities from 

the probit coefficients. In order to do so, I first estimated the predicted probability of a NIF or an 

FRI (in the NIF or FRI models, respectively) at the mean estimated depressive symptoms level 

(which by definition is zero for a latent variable). Since depressive symptom latent variables are 

used as predictors in both 2006 and 2008 in each of the NIF and FRI models, I could compute 

predicted probabilities for NIFs and FRIs in both 2008 and 2010, using depressive symptoms as 

the predictor in 2006 and 2008, respectively. However, since probit coefficients for associations 

between 2006 depressive symptoms predictors and 2008 fall outcomes and 2008 depressive 

symptoms predictors and 2010 fall outcomes were similar, I chose to just compute the 2006-

2008 predicted probabilities. The formula for predicted probability is:  

] 
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where  is a fall in 2008 for an individual i,  is the threshold for a NIF in 2008,  is the 

coefficient of fall in 2008 on DS in 2006,  is the mean of DS in 2006 (which is 0),  is the 

coefficient of fall in 2008 on fall in 2006, and  is the mean of fall in 2006. 287 An estimate of 

, the residual variance of the latent depressive symptoms variable in 2006, was obtained using 

the formula, .5 Accordingly, the predicted probability for a NIF in 2008 at the mean 

2006 DS level is: 

 

= 24.9%. 

That is, the predicted probability for a NIF in 2008 at the 2006 mean depressive symptom levels 

is 24.9%. 

 I next computed the predicted probabilities of a fall (NIF or FRI) at one SD above or 

below the mean depressive symptoms level. A change of one SD in symptom levels is fairly 

large. However, approximately 13% of the sample experienced increases in CES-D scores of two 

or more (and 26% experienced any change—an increase or decrease—of two or more points) 

between 2006 and 2008 and between 2008 and 2010. For those individuals, changes in 

depressive symptoms may substantially increase the risk for both NIFs and FRIs. 

 Interpretation of the shortened 8-question CES-D scale used in the HRS in terms of 

defining clinical depression thresholds is not straightforward,288 though some have used a 

threshold of a score of four points as an indicator of depression for older adults.237 Thus, 

                                                        
5 A more general formula for the probability of the dichotomous event is 

, 
where P is the probability of a fall (in 2008), threshold is the threshold of the dichotomous event, which is a z-score 
indicating a probability of greater than .5, and θ is the residual variance for the latent depressive symptoms variable 
(in 2006).287. Muthen B. Interpreting results of models with dichotomous outcomes. 2001; 
http://www.statmodel.com/discussion/messages/23/138.html?1357684678. Accessed June 26, 2014, 2014. 
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arguably, a one-SD change in depressive symptoms levels may represent something like half the 

distance from no depressive symptomatology to clinical depression. While still representing a 

somewhat large change in symptomatology, this level of change may be plausible among older 

adults experiencing adverse life events or the cumulative effects or hassles of changes in physical 

health. For instance, a one-SD change could be achieved simply by a change of a no to a yes 

response to two of the eight CES-D questions, such as whether the respondent was lonely, sad, 

had restless sleep, or was unmotivated during the past week.  

 To compute the predicted probabilities at one standard deviation above and below the 

mean 2006 depressive symptoms levels, I followed the same steps as used above for computing 

the predicted probability of a 2008 fall at the 2006 mean depressive symptoms level. However, 

here the probability is: ����� = ��	�, ��� =  � − ���� − ��(	� ± ��) − �����. These model 

parameters mirror those used in the prior formula listed above, with the exception of SD of the 

estimated 2006 latent depressive symptoms indicator, which was obtained using the square root 

of the estimated factor variance of the 2006 depressive symptoms indicator. Thus, the predicted 

probability for a NIF at one SD above the mean is: 

����� = ��	�, ��� = � − � ���. ��� − �. �  (� − (�. ���!"���) − �. ���(�. ���)� ∗

�
�."!�$ = � − �(. �� �  �!) = 22.1%. 

 

The predicted probability for a NIF at one SD below the mean is: 

����� = ��	�, ��� = � − � ���. ��� − �. �  (� + �. ���!"���) − �. ���(�. ���)� ∗

�
�."!�$ = � − �(�. � !!��!�) = 27.9%. 
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Summary of Steps Used to Fit and Assess Models 

To review, specific steps in the model estimation are as follows: 

1. Parcel indicators for depressive symptoms (DS) latent variables (2006, 2008, and 2010) 

based upon correlations between indicator variables. Separately estimate the confirmatory 

factor analysis (CFA) model with SEM, using (a) ML, MLMV, and ADF estimation 

methods. ML estimation assumes joint multivariate normality of model terms. Present 

results and goodness-of-fit (GOF), root mean square error of approximation (RMSEA), 

and comparative fit index (CFI) values. Obtain modification indices to see how much chi-

squared would be reduced if I estimate (an) extra parameter(s).272 Refit models as 

necessary. Select best models for each year. 

2. Separately for NIFs and for FRIs, fit measurement model with (a) 2006 only, (b) 2006 

and 2008, and (b) 2006, 2008, and 2010 DS latent constructs and baseline (2006) latent 

constructs (perceived social support, neighborhood social cohesion, and poor health). 

Estimate measurement models using correlations (and not direct effects) between DS 

latent variables. Observe levels of variance (loadings and error variance) and report on 

whether (a) factor loadings are significantly different and (b) use of equality constraints 

on factor loadings for depressive symptoms constructs in 2006, 2008, and 2010 results in 

a model with significantly different fit than the model without those constraints. If model 

fit is not significantly different with use of equality constraints on factor loadings for 

latent constructs over time, then keep those constraints in future models; otherwise, allow 

factor loadings of indicators on depressive symptom levels to vary freely over time. 

3. Separately for NIFs and for FRIs, fit structural model with 2006, 2008, and 2010 data. 

Use paths rather than covariances to connect latent variables to one another and use paths 
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to connect latent variables to observed fall outcomes. Modify the initial SEM model if 

there are non-significant parameter estimates by trimming associations for pathways with 

non-significant estimates. Assess GOF of NIF and FRI models. 

Third Research Question: FRIs and Marginal Medical Costs 

Study Design 

I employed a pre-post analysis with a comparison group to assess the medical costs 

associated with an FRI among older adults for the period 2007-2009. Data from Medicare’s 

Inpatient, Outpatient, and Carrier Files were used to identify FRIs, as noted in Chapter 4 (and 

further discussed below).  Data from these three files plus data from Medicare’s Skilled Nursing 

Facility, Home Health, Hospice, and Durable Medical Equipment Files were used to identify 

total costs, Medicare payments, and out-of-pocket costs for study participants. 

Individuals were included in the analysis if they were alive and had continuous Medicare 

Parts A and B coverage (and thus did not have Medicare Advantage coverage at any time) during 

the 24-month period of analysis for each beneficiary. The 24-month period of beneficiary 

analysis began with the date 12 months prior to and ended with the date 12 months following the 

index date for respective beneficiaries. The index date was defined as the date of the first eligible 

FRI (i.e., an FRI in 2008 without an FRI during the preceding rolling 12-month period) for the 

FRI cohort; an index date of July 1, 2008 was assigned to those in the non-FRI cohort. Thus, for 

a beneficiary in the FRI cohort with an index date of March 15, 2008, the total period of analysis 

would run from March 15, 2007 through March 14, 2009. The period of analysis was the same 

for all beneficiaries in the non-FRI cohort and ran from July 1, 2007 through June 30, 2009. 

Additionally, individuals had to be 65 years of age at the index date (the date of the qualifying, 

first FRI in 2008 for those in the FRI cohort and July 1, 2008 for those in the non-FRI cohort). In 
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a sensitivity analysis, I included individuals who died prior to the end of the follow-up period 

(i.e., 12 months following the index date for those both in the FRI and non-FRI cohorts). 

The Medicare Denominator (DN) File contains information regarding beneficiaries’ 

demographic information, including date of birth. However, while the month and year of birth 

were given in the DN File, the date of birth was not provided. Additionally, the DN File did not 

provide the month of birth for certain beneficiaries. For these reasons, when date of birth 

information was not provided, eligible beneficiaries were assigned a birthdate of the fifteenth of 

the month and/or a birth month in June in order to compute age at the index date.  

Two groups of respondents were created: (1) those with a first FRI in 2008 (“FRI 

cohort”) and (2) those with no FRIs in 2007, 2008, or the first half of 2009 (“non-FRI cohort”). 

(Those with no FRIs in the pre-baseline period but FRIs in the follow-up period, i.e., in the first 

half of 2009, were excluded from the analysis.) Those in the FRI cohort were assigned an “index 

date,” which is the date upon which they had a first, qualifying FRI in 2008. To qualify as having 

a first FRI, the individual could not have had a prior FRI within 365 days of the index date. 

(Thus, an individual with a first FRI on August 5, 2008 would have a qualifying FRI if the 

individual did not have a prior FRI during the period August 5, 2007-August 4, 2008.) For those 

individuals in the FRI cohort, medical costs were measured during the rolling 12-month period 

prior to the index date (“pre-baseline period”) and in the rolling 12-month period following the 

index date (“follow up period”). The pre-baseline period was the period from July 1, 2007-June 

30, 2008 and the follow-up period was the period from July 1, 2008-June 30, 2009. 

Consideration was given to using the median index date of the individuals in the FRI cohort as 

the index date for the non-FRI cohort, a technique used in other analyses of marginal medical 

costs of injuries among older adults.206 However, the median index date for the individuals in the 
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FRI cohort was June 10, 2008, which was nearly the same as the assigned date of July 1, 2008. 

Thus, additional analyses using June 10, 2008 as the index date for the non-FRI cohort were not 

conducted. 

Washout Period 

As noted, this study used a one-year “washout” period, which is a longer period than used 

in other studies, which provides greater confidence that the FRI was an incident FRI. Using 

claims data, there is no way to be certain that treatment indicating an FRI involves an incident as 

opposed to an earlier FRI. That is, treatment given to a patient who experienced an FRI may 

involve a new FRI or an FRI that occurred one month or even months earlier. Given this 

uncertainty, there are important trade-offs with respect to the length of the washout period. The 

longer washouts may more successfully avoid classifying costs of treatment for prior FRIs as 

treatment costs for new FRIs, but the shorter washouts may capture more incident FRI treatment 

costs. Half of older adult fallers experience multiple falls in a given year.16 

The longer washout period in this study means that the study is more likely to pick up 

incident FRIs and avoid counting costs from previous FRIs as involving incident FRIs. 

Individuals experiencing an FRI may seek treatment for an FRI for extended periods following 

an incident FRI and a shorter (e.g., three-month, or six-month) washout period may be 

insufficient to avoid inclusion of costs associated with prior FRIs. For instance, in the 

dissertation’s first research study, the average number of falls among those self-reporting any fall 

during the past two years was 2.8 falls. Moreover, of those reporting falling in the past two years, 

57% reported falling more than once—with 35% reporting falling twice and 32% reporting 

falling three or more times. Those reporting having fallen three or more times in the past two 
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years averaged six falls. Thus, compared to a shorter period, the longer washout period should 

avoid estimating costs for incident FRIs that are actually associated with prior FRIs.  

On the other hand, the study may miss some incident FRIs. That is, an older individual 

who had an incident FRI (reflected in the claims data by FRI-related treatment) may have a 

second FRI within several months, or even one month, of that first FRI. This study will not pick 

up on those incident FRIs and thus may have lower sensitivity than other studies. For instance, a 

study of fall costs among institutionalized, long-term care patients created a fall cohort that 

included individuals with a first recorded fall during the individual’s stay in the long-term care 

facility (LTCF).215 One concern with this approach is that individuals who are hospitalized for a 

fall injury are often admitted to an LTCF18,24 and thus the study’s comparison group of non-

fallers may have included individuals who had fallen prior to admission to the LTCH. Thus, the 

study’s design may have unintentionally have resulted in an underestimation of cost differences 

between fallers and non-fallers due to the lack of an appropriate washout period. It is also 

conceivable that individuals with frequent falls have minor falls without serious injury and thus 

the longer washout period may result in missed incident FRIs; however, given that the study 

generally identified serious FRIs (as discussed below), this result seems somewhat unlikely. 

Identifying FRIs  

As described in the Measurements section in Chapter 4, several methods were used to 

identify FRIs in the claims database. This multi-faceted approach was used because no validated 

method exists for identifying FRIs in claims data235 and the commonly used methods (the second 

method below and to some extent the first method below) are insensitive and non-specific to a 

degree. A recent method developed by UCLA/RAND researchers attempts to address this issue 

by developing a potentially more sensitive and specific approach.  
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A brief overview of the four methods and their strengths/weaknesses follows (note that in 

each of these three methods, the e-code and/or ICD-9 identifiers were found in inpatient—that is, 

hospital and ED—and outpatient /carrier claims data): 

• The first method involved a liberal definition of FRIs that could include identification 

using specified e-codes for accidental FRIs and ICD-9 codes for fractures, 

dislocations/sprains and strains, intracranial injuries, and contusions w/intact skin 

surfaces. This method is likely highly sensitive (i.e., adequately identifies as fallers those 

respondents who experienced an FRI), but non-specific (i.e., does not correctly identify 

as non-fallers those individuals who did not fall). The method overly broadly ascribes 

falls to individuals. Thus, the average cost of a fall observed in such individuals is likely 

to be low since individuals are likely to be considered as fallers even if they had 

treatment for an injury due to an incident less serious than a fall (and thus estimates 

should be lower compared to estimates obtained using other FRI identification methods). 

On the other hand, the proportion of fallers identified using this method should be higher 

compared to that obtained using other FRI identification methods. 

• The second method involved a conservative definition only using specified e-codes for 

accidental FRIs. This method is likely insensitive but is likely highly specific.  The 

method most likely identifies as fallers those individuals experiencing the most 

serious—and thus most costly—falls, but does not identify those experiencing less 

serious falls (i.e., those falls not involving more intensive and costly treatment). 

Compared to other methods, the estimated cost should be higher but the proportion of 

fallers should be much lower. 
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• The third method involved the use of an algorithm involving a hierarchy of FRIs, with 

five levels of FRI case qualification (CQ). Level 4 indicates the greatest intensity of 

treatment and level 1 indicates the lowest level of treatment for an FRI (while level 0 

indicates lack of evidence for an FRI). Levels 3 and 4 indicate FRIs identified in 

inpatient (ED/hospital) claims data while levels 1 and 2 indicate FRIs identified in 

outpatient settings. With respect to the third approach, however, I use two separate FRI 

identification methods (methods numbers 3 and 4, respectively). First, I examined 

marginal FRI costs among older adults by identifying FRIs at all CQ levels (i.e., CQ 

levels 1-4, thus FRIs identified in both inpatient and outpatient claims data). That is, I 

identified all potential FRIs irrespective of the intensity of treatment for the injury. This 

method is similarly sensitive compared to the first method and more sensitive than the 

second method; it is much more specific than the first and potentially less specific than 

the second method. Cost estimates with this method should thus be higher than with the 

first and lower than with the second method; the proportion of fallers using this method 

will likely be lower and higher compared to the first and second methods, respectively. 

• With the fourth method, I similarly used the UCLA/RAND algorithm, but I examined 

marginal FRI costs only using CQ levels 3 and 4 (the highest care intensity levels) to 

identify FRIs. Thus, I ran analyses using each of four FRI identification methods. This 

method will likely be nearly as sensitive as the third method (but less sensitive than the 

first method, potentially) and more specific than the third method, since it is less likely 

to attribute outpatient treatment to falls when in fact that outpatient treatment was due to 

some other injury of an older adult. Cost estimates should be higher for this fourth 

compared to the third method.  
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 The fourth method was chosen as the primary method and thus all sensitivity analyses are 

run using this particular method to identify FRIs. The reason for this choice is that each of the 

methods presents weaknesses with respect to sensitivity and specificity (with the first two in 

particular), but the fourth method seems most likely to balance the trade-offs with respect to 

sensitivity and specificity. Although the cost estimates using this method will be higher 

compared to any other method with the exception of the second method (using only e-codes), it 

seems sensible (given the serous injury that can be occasioned by falls among older adults) that 

this method most accurately captures serious fall injuries. That is, inpatient treatment/procedures 

involving hip, elbow, arm, hand, or other fractures (as assessed using the fourth method) can 

reasonably be considered fall-related, while outpatient procedures involving such bodily injuries 

(as assessed using the third method described above) may not actually involve falls. 

Identifying Costs  

As discussed in Chapter 4, total beneficiary Medicare costs (as well as payment and out-

of-pocket costs) were obtained from Medicare claims. For sensitivity analyses in which I 

examined persistently high spending across the four quarters following the index date (as 

described below in the model estimation section), I obtained quarterly total cost (and payment 

and out-of-pocket cost) information by allocating costs for treatment (including inpatient stays, 

SNF stays, and other treatments) to the quarter during which the beneficiary had treatment. A 

quarter was defined as the index date (or the subsequent quarter dates) plus 91 days. (Similarly, 

annual costs were computed by examining the index date and the subsequent 364 days, which 

amounts to a total of 365 days of potential spending.) As an example, for a beneficiary in the FRI 

cohort with an index date of May 5, 2008, costs from an inpatient stay from June 10 through 

June 12, 2008 would be allocated to the first quarter following the index date (since the first 
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quarter would run from May 5 through August 4, 2008). Costs from subsequent inpatient stays 

from September 13 through September 18, 2008 and from April 9 through April 12, 2008 would 

be allocated to quarters two (which would run from August 4 through November 3, 2008) and 

four (which would run from February 2 through May 4, 2009), respectively.  

Costs were allocated in the same manner for all beneficiaries in the non-FRI cohort. For 

these beneficiaries, the index date was July 1, 2008, the first quarter ran from July 1 through 

September 31, quarter two ran from September 31 through December 31, quarter three ran from 

December 31 through April 1, and quarter four ran from April 1 through June 30.  

For patient episodes spanning more than one quarter, I allocated costs proportional to the 

amount of time of the episode falling within each quarter. For instance, for an index date of July 

1, 2008, the first quarter date was October 1, 2008. Quarter 1 includes dates from July 1, 2008 

through September 30, 2008 and Quarter 2 includes dates from October 1, 2008 through 

December 31, 2008. For a $700 patient episode lasting from September 28, 2008 through 

October 4, 2008, I allocated $300 to Quarter 1 and $400 to Quarter 2 (since three of the seven 

patient episode days fell in Quarter 1 and four of the seven patient episode days fell in Quarter 

2). 

Model Estimation 

I used a “first difference” estimator to assess differences in post-baseline and pre-baseline 

medical spending among individuals in both the FRI and non-FRI cohorts. The outcome of 

interest was thus the difference in follow-up and baseline medical costs (where follow-up is the 

12-month period following and baseline is the 12-month period prior to the index date). This 

change in costs was then compared for the FRI and non-FRI cohorts. Costs were adjusted for 
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baseline characteristics, including sociodemographic, health, and geographic area characteristics 

(see the Measures section in Chapter 4). The model specification for the analysis is as follows:  

∆'()*� = +� + +��(,�(-./(01234�,�� + +�5.26*4�� + +7�89�� + +!::���

+ +���336;�( + +�<9�( + =� 

where i indexes the individual and t=0 references the year prior to the index date. ∆Costi 

is the cost in the follow-up period minus the cost in the baseline period. Sociodemographici0 is a 

set of covariates including age, race/ethnicity, educational, income, and wealth levels of an 

individual, i. Healthi0 is a set covariates including vision, hearing, cognitive impairment, the 

number of functional limitations, the number of chronic conditions, disability, and use of 

psychiatric medication for an individual. OOPi0 indicates out-of-pocket price for an individual 

(proxied by whether or not an individual has Medicaid coverage). Supplyi0 and WIi0 indicate the 

supply of physicians per 100,000 older adults in a county and the wage index value for a given 

metropolitan service area (MSA) or non-MSA (i.e., a rural area), respectively. Baseline 

sociodemographic and health characteristic covariates were measured in the 2008 HRS, area 

provider characteristics were measured in the 2008 AHRF, and area wage index values were 

collected in Fiscal Year 2008 CMS files.  

 As noted, I did not regress cost changes on changes in the predictors but instead regressed 

cost changes on values of predictors at baseline. The use of changes in predictors (i.e., during the 

period from 12 months prior to the index period through the index date), rather than baseline 

predictors (i.e., at 12 months prior to the index date), would have some benefits as a study design 

as changes in health status may be useful in explaining increased medical spending. For instance, 

fallers may have greater costs relative to non-fallers not simply because of an FRI but because of 

new health problems (i.e., development of a chronic health condition or functional limitation) 



 144

that also occurred during the period between baseline and follow-up. However, the data do not 

allow for use of changes in health conditions. As noted, 2008 HRS data were used to provide 

baseline sociodemographic and health information and the next wave of HRS data is in 2010. 

Thus, I would have had to use two-year changes in data (from 2008 HRS to 2010 HRS) to 

capture changes in predictors while at the same time using an FRI accrual period in 2009. Thus, 

use of changes in predictors would have resulted in capturing health characteristics that may 

have occurred as a result of FRIs rather than preceding FRIs. The current method (i.e., regressing 

cost changes on baseline predictors) is acceptable, though, as existing health conditions (rather 

than changes in health condition status) are often used as falls predictors and as such are useful 

as predictors of spending associated with FRIs.  

 With the dependent variable expressed as a first difference, the variable was normally 

distributed. Accordingly, I used an untransformed OLS model to estimate marginal FRI costs. 

However, the residuals were non-normally distributed and so I used robust standard errors in all 

models. In a sensitivity analysis, I also examined whether the inclusion of pre-baseline costs as 

an independent variable (with the change in costs from baseline to follow-up still as the 

dependent variable) resulted in differing estimates of FRI costs. Similar to Garber et al.,239 I also 

created “high” (>75th percentile) and “low” (<75th percentile) expenditure categories and used 

those categories as a dichotomous dependent variable. High spending was defined as being in the 

“high” spending category for each quarter during the 12-month period following the index date. I 

estimated logistic regression models to estimate the marginal differences in the predicted 

probability of persistent high spending associated with being in the faller compared to the non-

faller cohort. As a sensitivity analysis for this objective, I measured persistently high 

expenditures with expenditures at the 95th percentile or above.   
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Chapter 6 : Results 

First Research Question 

Is caregiving receipt associated with a reduction in the risk of NIFs and/or FRIs among community-

dwelling older adults and is the type of caregiver and/or care recipient associated with differences in 

the fall risk? 

Descriptive Data: Unadjusted Results 

As shown in Table 6-1, the sample of older adults was 43% male and predominantly white. 

Compared to the U.S., older adult population, the sample had roughly the same median age, gender 

composition, and household income levels, but a lower proportion of non-Hispanic Whites and higher 

proportion with a less than high school educational level.289 Regarding six chronic conditions 

potentially related to fall risk (high blood pressure, diabetes, cancer, heart disease, stroke, and 

arthritis), respondents reported having just over two chronic conditions on average. Compared to a 

national survey that asked respondents whether they ever had a condition, the study sample had similar 

proportions of older adults with heart disease (31%), cancer (18%), and stroke (9%), and slightly 

higher proportions reporting fair or poor health (31%).290 (In this study, self-reports of whether or not a 

doctor ever told the respondent s/he had a given health conditions were used. See Table 4-3.) 

Respondents reported both eyesight and hearing function as “good” on average, using scales ranging 

from legally blind to excellent (for vision) and from poor to excellent (for hearing).  

Respondents also reported having functional limitations, with an average of 4.5 limitations 

reported. Reported difficulties for large muscle and gross motor functioning were particularly evident. 

Other findings shown in Table 6-1 included: 45% of respondents reported difficulty getting up from a 

chair while 54% reported difficulty stooping, kneeling, or crouching (movements involving large 

muscles); 59% had difficulty climbing several flights of stairs, 40% reported having difficulty walking 

several blocks, and only 8% of respondents reported being able to jog one mile (gross motor 

activities); and fewer difficulties were reported regarding fine motor functioning, such as picking a 
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dime off of a table (9% reported having difficulty with this activity). As shown in Table 6-1, the 

majority of respondents were not cognitively impaired, as indicated by performances involving 

counting, naming, and vocabulary tasks, with an average score of 13 (where scores ranged from 0-15 

and a score of 15 indicated the highest cognitive functioning). Only 3% of respondents had scores 

indicating cognitive impairment where impairment was indicated by scores of less than or equal to 6 

on the scale of 0-15. 

Fall Data Descriptives  

 As shown in Table 6-1, roughly one-third of the sample experienced a fall of any kind, with 

non-injurious falls (NIFs) representing two-thirds of falls reported by all respondents. Of 15,198 

reported falls in the study sample from 2000 to 2010, 10,407 (23.3%) were NIFs while 4,791 (10.7%) 

were fall-related injuries (FRIs). The average number of falls per year among those who reported any 

fall was 2.8 (not shown). While 42.9% of respondents who fell reported falling one time during the 

past two years, 57.0% reported falling more than once (24.6% reported falling twice and 32.4% 

reported falling three or more times). Among those reporting having fallen three or more times in the 

past two years, the average number of falls reported was 6.0 falls (not shown). 

Caregiving Data Descriptives 

As shown in Table 6-1, 88.3% of respondents did not report receiving care of any kind during 

the past two years. Roughly 11% of respondents reported receiving only informal care while just one 

percent of respondents reported receiving formal care (either formal care alone or together with 

informal care). For those receiving informal care, lower levels of care (1-20 hours per week) were 

more common than greater levels of care (>20 hours per week). Seven percent of respondents received 

1-20 hours while 3.7% received >20 hours of weekly informal care, meaning that approximately 65% 

of informal care recipients received lower levels and 35% received greater levels of weekly informal 

care. Of those reporting receiving formal care, 70% also received some informal care in the past two 

years. 
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Certain informal caregivers provided the majority of informal care to study respondents. 

Spousal and female, non-spousal family caregivers provided two-thirds of the average, total weekly 

caregiving (not shown). While the total number of weekly caregiver hours received among all 

respondents was 6.5 (SD = 27.9), the total number of weekly caregivers hours received among those 

receiving any care in the past two years was 39.4 (SD = 58.9) hours, which included 2.3 (SD = 15.0) 

hours of formal and 37.1 (SD = 57.0) hours of informal caregiving. 

The type of care provided to respondents receiving informal and/or formal care more 

commonly involved instrumental compared to other types of care. Among those reporting having 

received care in the past month, 59% and 38% of respondents reported receiving help with grocery 

shopping and preparing meals, respectively (not shown). Approximately one in four care recipients 

reported receiving help using the telephone, while approximately one in five reported receiving help 

with taking medications. In terms of non-instrumental activities of daily living, while 34% and 23% of 

those receiving care reported receiving help with getting dressed and bathing, respectively, just 14% 

and 10% reported receiving help with walking and eating, respectively. 

Bivariate Descriptive Data 

Falls and Respondent Characteristics 

Compared to respondents not receiving care, NIF and FRI rates were substantially higher 

among those receiving any formal and/or informal care in the two years prior to measurement of falls 

(Table 6-2). Among those not receiving any prior care, just under one-third (32%) respondents 

reported falling, while among those receiving prior care, over half (53%) reported falling. Twenty-two 

percent of respondents not receiving prior care reported a NIF and 10% reported an FRI while 33% 

and 19% of respondents receiving prior care reported a NIF and an FRI, respectively. Respondent 

reports of FRIs generally increased with an increasing number of total care hours and with the receipt 

of formal caregiving. FRIs were reported by 18% of respondents with zero formal and 1-20 informal 

weekly caregiving hours and by 22% of respondents with zero formal and >20 hours of informal 
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weekly caregiving hours. Among those receiving any formal caregiving, the percentages reporting 

FRIs were 23% for those receiving no informal care and 21% for those receiving any informal care. 

The percentage of men reporting falls was lower than women (31% versus 36%). Greater 

percentages of men reported NIFs (24% vs. 23%) and FRIs (13% vs. 8%) than women. Compared to 

non-Hispanic Whites, other race/ethnicities had slightly lower NIF rates, and higher levels of education 

were generally associated with lower fall rates.  

Respondents reporting poorer health had substantially higher fall rates than those reporting 

better health. The proportions of respondents with poor eyesight and with poor hearing who reported 

falling (50% and 46%, respectively) were much greater than those with better eyesight and hearing 

(30% and 29%, respectively) (not shown). While 15% of those with no functional limitations reported 

falling, 36% of those with five and 61% of those with 12 functional limitations reported falling (not 

shown). Only 21% of respondents with no reported current chronic conditions (among the six 

aforementioned chronic conditions examined in this analysis) reported falling in the past two years 

(with 15% reporting having a NIF and 5.6% reporting having an FRI) while 58% of respondents 

reporting having all six chronic conditions reported a fall (with 39% reporting having a NIF and 18% 

reporting having an FRI) (not shown). The average numbers of chronic conditions among those with 

an NIF and FRI compared to those with no fall were 2.4 (SD = 1.2), 2.5 (SD = 1.2), and 2.0 (SD = 

1.2), respectively. Compared to non-impaired respondents, a greater proportion of cognitively impaired 

respondents reported falling (44% vs. 34%) while greater proportions of those with a disability 

(compared to non-disabled respondents) and those who used a psychiatric medication (compared to 

those not using such medication) reported falling. 

Caregiving and Respondent Characteristics 

There were a number of sociodemographic and health status differences among the care 

recipient compared to the non-care recipient population. Individuals receiving care of any kind (i.e., 

informal or formal care in any amount) were older than those not receiving care (Table 6-3). Women 
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were more likely than men to receive any care and greater amounts of informal and formal care. 

Compared to non-Hispanic whites, minorities were more likely to receive care. Individuals with a less 

than high school educational level received more care than those with higher levels of education. For 

instance, 13% and 11% of those with less than a high school education compared to 7% and 4% of 

those with some college education received 1-20 and >20 informal weekly care hours, respectively. 

Incomes were lower among those using formal care compared to informal care and among those using 

any care compared to those not receiving care.  

More of the care recipients had eyesight and hearing problems, greater numbers of functional 

limitations, and chronic conditions. The average numbers of functional limitations and chronic 

conditions among those with no care received were 3.8 (SD = 2.7) and 2.8 (SD = 1.1), respectively. 

Those receiving 1-20 informal care hours had average scores of 7.4 (SD = 2.8) and 3.2 (SE = 1.1) 

while average scores for those receiving both formal and informal care were 9.2 (SD = 2.2) and 3.2 

(SD = 1.2), respectively. Additional, notable differences distinguishing those care recipients from non-

recipients were cognitive impairment, disability status, and use of psychiatric medication. For instance, 

while 18.9% of those with cognitive impairment received 1-20 informal care hours and 6% received 

both formal and informal care, 9% and 1% of those without cognitive impairment received 1-20 

informal care hours and both formal and informal care, respectively. 

Adjusted Results: Main Model 

 Caregiving receipt was a significant predictor of both NIFs and FRIs, but was not uniformly 

negatively associated with NIF and FRI risk. 

As shown in Table 6-4, relative to no caregiving, low levels of informal caregiving (1-20 

weekly hours) were associated with a three percentage-point increase in risk of NIFs (p < 0.001); 

however, higher levels of informal care (p = 0.60), formal alone (p = 0.23), and formal with informal 

caregiving  (p = 0.08) were not significantly associated with NIF risk. Given the NIF base rate of 

approximately 23%, lesser levels of informal caregiving are associated with a 13% increase in NIF and 
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formal caregiving combined with informal caregiving is associated with a 17% decrease in NIF risk, 

though the association is not statistically significant at p < 0.05.  

In terms of FRIs, relative to no caregiving, lower (1-20 weekly hours) and higher (>20 weekly 

hours) of informal caregiving were associated with two (p = 0.002) to three (p < 0.001) percentage 

point risk increases, respectively, while formal caregiving (p = 0.34) and formal combined with 

informal caregiving (p = 0.86) were not significantly associated with changes in FRI risk. Given the 

FRI base rate of approximately 11%, varying levels of informal caregiving are associated with 19-28% 

increases in FRI risk  

Wald tests were conducted to test whether the marginal effects of each of the individual 

informal and formal caregiving categories were the same value. For NIFs, 1-20 weekly informal 

caregiving hours is significantly different than that of (a) any formal caregiving and (b) any formal and 

informal caregiving hours (both p < 0.001). However, >20 informal caregiving hours has an 

association with the outcome that is not significantly different than that of (a) or (b) above (both p = 

0.13). For FRIs, 1-20 weekly informal caregiving hours has an association with the outcome that is 

significantly different than that of the association of (a) and (b) (both p < 0.001) and >20 weekly 

informal caregiving hours also has an association with the outcome that is significantly different than 

that of (a) and (b) (both p < 0.001). 

In terms of other model covariates, age and gender were both associated with fall risk. All else 

equal, an additional year of age was associated with a very small NIF or FRI risk (much less than a one 

percentage point risk). Holding all other covariates constant, the predicted probabilities of an NIF for a 

65 year-old compared to a 95 year-old were 21% and 29%, respectively, and the predicted probabilities 

of an FRI for a 65 year-old compared to a 95 year-old were 8% and 22%, respectively (not shown). 

The risks of both NIFs and FRIs increased monotonically with age (see Figure 6-4). This translates to 

percent changes in the probabilities of an NIF and an FRI between a 65 year-old and 95 year-old of 

39% and 177%, respectively. All else equal, while men had a 3 percentage-point higher risk of an NIF, 
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they had a 4 percentage-point lower risk of an FRI compared to women (Table 6-4). Socioeconomic 

factors generally had significant and modest associations with fall risk. Compared to respondents of all 

other race/ethnicities, non-Hispanic Whites had greater NIF risks (approximately three to four 

percentage point greater risks). All else equal, compared to non-Hispanic Whites, African-Americans 

had a 4 percentage-point lower FRI risk. Compared to those with a less than high school education, 

high school graduates and those with some college education each had a slightly higher risk of both 

NIFs (~1-2 percentage-point greater) and FRIs (~2-3 percentage-point greater). After controlling for 

other model covariates, income was not significantly associated with NIF or FRI risk. 

Measures of physical functioning, chronic illness, disability, and medication utilization were all 

strongly associated with fall risk. An increase in the number of functional limitations was associated 

with a small increase in both NIF and FRI risk, of approximately 2% and 1%, respectively. However, 

the risk differences between those with none or several compared to those with a number of functional 

limitations were substantial. For instance, all else equal, respondents with one functional limitation had 

a predicted probability of 19% for a NIF and of 9% while respondents with nine functional limitations 

had a predicted probability of 30% for a NIF and 14% for an FRI (results not shown, but see Figure 6-

1 for an illustration of the results). Similarly, all else equal, respondents with one chronic condition had 

a predicted probability of 21% for a NIF and 10% for an FRI, while respondents with five chronic 

conditions had a predicted probability of 29% for a NIF and 14% for an FRI (see Figure 6-1). 

Cognitive impairment was not associated with NIF risk but was associated with an increase of 3 

percentage points in FRI risk. Disability was associated with a modest increase in NIF and FRI risk. 

The utilization of psychiatric medication was also associated with substantial increases in NIF risk and 

FRI risk (~6 percentage points for both fall outcomes). 

Adjusted Results: Cognitive Impairment and Fall Risk Models 

 As shown in Table 6-5, those with cognitive impairment were more likely to experience a fall 

than those without cognitive impairment, with 41% of cognitively impaired compared to 31% of non-
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impaired respondents falling. Among the cognitively impaired, caregiving was not associated with 

significant increases or decreases in NIF risk. On the other hand, two caregiving dummy variables 

were significantly associated with decreased FRI risk among the cognitively impaired. All else equal, 

respondents receiving no formal and more than 20 hours of informal weekly care had a 7 percentage-

point lower likelihood of an FRI compared to those not receiving any care. Also, all else equal, those 

receiving both formal and informal care had a 15 percentage-point lower FRI risk compared to those 

not receiving any care.  

Among those not cognitively impaired, there were also no significant changes in NIF risk 

associated with caregiving, but receipt of informal caregiving increased FRI risk. All else equal, 

compared to those not receiving care, there was a two percentage point FRI risk increase among those 

receiving no formal and 1-20 informal care hours and a 4 percentage point risk increase among those 

receiving no formal and more than 20 informal care hours. 

Sensitivity Analysis Using Alternative Caregiver Variables 

In this sensitivity analysis, which included two variables separately indicating categories of 

weekly formal and informal care (model SM1, discussed in Chapter 5), model estimates were similar 

to those of the main model, with informal caregiving associated with increases while formal caregiving 

was generally associated with decreases in NIF risk; however, in this model, unlike in the main model, 

formal caregiving was also associated with decreased FRI risk (Table 8-6 and Figures 8-1 and 8-2).  

Sensitivity Analysis Using Psychosocial Variables  

The main model’s findings were robust to the inclusion of the psychosocial variables (Table 8-

10), as the parameter estimates from the reduced sample that included the psychosocial variables 

(n=7,704) were similar between the main analytic model and the model with the additional 

psychosocial variables. 
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Sensitivity Analysis Using Home Safety Variables  

 As with the above sensitivity analysis including the psychosocial variables, the estimates from 

the sensitivity analysis including home safety variables were nearly identical to estimates from an 

analysis using the same respondent sub-sample but not including the home safety variables (Table 8-

11).  

Sensitivity Analysis Including Prior Falls  

When the model additionally included a control for falls at baseline (i.e., in time t, where the 

outcome was falls measured at time t+1), the risk increase for NIFs associated with lower levels of 

informal caregiving was just two, rather than three, percentage points; also, the receipt of formal with 

informal care was associated with a 4 percentage point decrease in NIF risk (p = 0.03) Additionally, 

relative to no caregiving, lower and higher levels of informal caregiving were associated with 

moderately lower risk increases in FRIs (one and two percentage-point increases, as compared to two 

and three percentage-point increases in the model not controlling for falls at baseline). 

Adjusted Results with Imputed Data: Multinomial Probit (MP) Output and Marginal Probabilities 

 Missing data were imputed using the methods described in Chapter 5. Table 6-6 contains a 

comparison of estimates of associations between caregiving receipt and fall risk from the main model 

and the model with imputed data. Supplementary Table 8-12 contains output involving all model 

covariates for the model with multiple imputation estimates. The multiple imputation estimates were 

similar to those observed in the main analyses using complete-case analysis.  

Adjusted Results Using Instrumental Variables Probit Models 

 Diagnostic tests indicated that the instruments, marital status and number of children, were 

valid (Table 8-13).  As shown in Table 8-14, while the probit model showed a significant positive 

association between caregiving receipt and falls (β = 0.13), the IV probit model showed a non-

significant estimate with a negative sign (β = -0.63).  This change—from a significant positive 

association to a non-significant negative association after instrumenting—is consistent with 
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expectations discussed earlier in Chapter 5 (the association was expected to be biased upward toward 

the null due to endogeneity; thus after addressing endogeneity bias, the estimate was expected to 

become more negative).  The non-significant finding is potentially due to loss of efficiency due to 

instrumenting.  For the cognitively impaired population, both the probit and IV probit models 

estimated non-significant associations, with the magnitude of the estimate for the IV probit model (β = 

-0.88) greater than that of the probit model (β = -0.05) (Table 8-14).  The more negative, non-

significant estimate obtained after addressing endogeneity bias was also in line with expectations. 
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Table 6-1: Sociodemographic and Health Characteristics of Community-Dwelling Older Adults in the Health and 

Retirement Survey (2000-2010) 

Variable Mean (SD) / Percent 

Age, M (SD) 76.0 (6.8) 

Male (%) 42.6 

Race/Ethnicity  

Non-Hispanic White (%) 77.9 

Non-Hispanic African-American (%) 12.7 

Hispanic (%) 6.1 

Other (%) 3.4 

Educational level  

Less than high school (%) 26.6 

High school (%) 36.8 

Some college (%) 18.8 

College (%) 17.8 

Total household income, M ($1,000) (SD) 47.1 (295.0) 

Eyesight (1-6), M (SD) 2.9 (1.0) 

Hearing (1-5), M (SD) 2.9 (1.1) 

Difficulty with functional limitations   

Sum (0-12), M (SD) 4.5 (3.2) 

Getting up from chair after sitting about 2 hours (%) 44.6 

Stooping, kneeling, or crouching (%) 53.5 

Walking one block (%) 20.3 

Walking several blocks (%) 39.9 

Climbing one flight of stairs without resting (%) 25.5 

Climbing several flights of stairs without resting (%) 59.3 

Sitting for about 2 hours (%) 19.5 

Jogging one mile (%) 92.2 

Reaching or extending arms above shoulder level (%) 19.4 

Pulling/pushing large objects like living room chair (%) 35.6 

Lifting or carrying weights over 10 pounds (%) 31.6 

Picking up a dime from a table (%) 9.1 
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Variable Mean (SD) / Percent 

Chronic conditions  

Suma (0-6), M (SD) 2.2 (1.2) 

High blood pressure (%) 64.6 

Diabetes (%) 22.1 

Cancer (%) 19.1 

Heart disease (%) 32.9 

Stroke (%) 9.6 

Arthritis (%) 69.4 

Cognitive status (0-15), M (SD) 12.6 (2.6) 

Cognitively impaired (%) 3.1 

Disability (%) 11.0 

Psychiatric medication (%) 8.2 

Falls (%) 34.0 

Non-injurious falls (%) 23.3 

Fall-related injuries (%) 10.7 

Caregiving type and amount  

0 formal and 0 informal (%) 88.3 

0 formal and 1-20 informal (%) 7.0 

0 formal and >20 informal (%) 3.7 

Any formal and 0 informal hours (%) 0.3 

Any formal and any informal hours (%) 0.7 
Note: Data are from the RAND HRS (version K), RAND “Fat Files,” and HRS Core Files, years 2000, 2002, 2004, 2006, and 2008 
(survey waves 5-10). The characteristics above apply to individuals in the analytic sample, which includes 14,171 unique individuals and 
44,538 observations. 
a Sum of the following conditions: high blood pressure, diabetes, cancer, heart disease, stroke, and arthritis. 
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Table 6-2: Bivariate Associations: Percentages of Older Adults with Specific Fall Outcomes (No Fall, Non-injurious 

Fall, Fall-related Injury) Given Prior Respondent Characteristics, 2000-2010a 

 No Fall  Any Fall  
Non-Injurious  

Fall 
Fall-related 

Injury 

 Mean (SD) / % 

Overall (%) 66.0 34.0 23.3 10.7 

Caregiving     

Yes (%) 47.5 52.5 33.4 19.1 

No (%) 68.5 31.5 21.9 9.6 

Weekly Caregiver hours*     

0 formal and 0 informal (%) 68.5 31.5 21.9 9.6 

0 formal and 1-20 informal (%) 48.4 51.7 34.2 17.5 

0 formal and >20 informal (%) 45.5 54.5 32.9 21.7 

Any formal and 0 informal  (%) 49.0 51.0 28.2 22.8 

Any formal and any informal (%) 49.3 50.7 30.0 20.7 

Age, mean (SD) 73.3 (6.5) 75.1 (7.2) 74.8 (7.0) 76.0 (7.5) 

Gender*     

Male (%) 68.6 31.4 23.6 7.8 

Female (%) 64.1 35.9 23.0 12.9 

Race/ethnicity*    

White (%) 65.2 34.9 23.8 11.1 

African-American (%) 70.0 29.0 21.0 8.0 

Hispanic (%) 67.1 32.9 21.8 11.1 

Other (%) 67.8 32.2 20.1 12.1 

Educational level*    

Less than high school (%) 64.3 35.7 24.3 11.4 

High school (%) 66.4 33.6 23.4 10.2 

Some college (%) 66.2 33.8 23.0 10.8 

College or more (%) 67.6 32.4 21.9 10.5 

Income ($1,000), mean (SD) 48.5 (93.5) 48.5 (93.5) 51.0 (595.0) 41.8 (54.1) 

Eyesight, mean (SD) (0-6)* 2.8 (1.0) 3.0 (1.0) 3.1 (1.1) 3.1 (1.1) 

Hearing, mean (SD) (0-5)* 2.8 (1.1) 2.9 (1.1) 3.0 (1.1) 3.0 (1.2) 

Functional limitations, mean (SD) (0-12)* 3.6 (2.8) 5.1 (3.2) 4.9 (3.1) 5.3 (3.2) 
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 No Fall  Any Fall  
Non-Injurious  

Fall 
Fall-related 

Injury 

 Mean (SD) / % 

Chronic conditions, mean (SD) (0-6)* 2.0 (1.2) 1.9 (2.3) 2.4 (1.2) 2.5 (1.2) 

Cognitive impairment*     

No (%) 66.2 33.8 23.2 10.6 

Yes (%) 55.6 44.5 26.8 17.7 

Disability*     

No (%) 67.3 32.7 22.4 10.3 

Yes (%) 55.4 44.6 30.5 14.1 

Psychiatric medication*     

No (%) 67.5 32.6 22.6 10.0 

Yes (%) 48.1 51.9 32.2 19.7 

* p<.05.  a Lagged variables were used for these descriptives. That is, Respondent characteristics were measured in the survey two years 
prior to the survey in which respondent fall outcomes were measured. For instance, while falls were measured in time t, caregiving 
receipt was measured in time t-2 (that is, if falls were measured in 2010, then caregiving receipt was measured in 2008). Gender, 
race/ethnicity, and education did not change for survey respondents during the years analyzed so those characteristics were measured in 
the same time period as fall outcomes. 
Note: Data are from the RAND HRS (version K), RAND “Fat Files,” and HRS Core Files, years 2000, 2002, 2004, 2006, and 2008 
(survey waves 5-10). The characteristics above apply to individuals in the analytic sample, which includes 14,171 unique individuals and 
44,538 observations. Chi-squared tests were used to assess statistically significant differences at p<.05 (*) for categorical predictor 
variables. Multinomial probit models were used to assess statistically significant differences for continuous predictor variables. 
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Table 6-3: Bivariate Associations: Percentages of Older Adults Receiving Informal and/or Formal Caregiving, 2000-2010 

  No Formal 
 Formal 

 None (%) 1-20 Informal (%) >20 Informal (%)  No Informal Any Informal 

Overall 83.4 8.8 6.2  0.5 1.2 

Age, mean (SD)* 73.1 (6.4) 76.8 (7.6) 77.6 (7.6)  78.9 (8.2) 79.2 (8.3) 

Gender*       

Female 82.0 9.1 6.9  0.6 1.5 

Male 85.6 8.2 5.2  0.3 0.7 

Race/Ethnicity*   
   

White 85.3 8.4 5.0  0.4 1.0 

African-American 76.7 10.5 10.0  0.7 2.2 

Hispanic 77.1 9.2 11.3  0.8 1.7 

Other 79.7 8.4 9.4  1.0 1.4 

Educational level*   
   

Less than high school 72.8 12.8 11.3  0.9 2.2 

High school 85.9 8.0 4.6  0.4 1.0 

Some college 87.8 7.1 4.2  0.3 0.7 

College or more 90.0 5.8 3.6  0.2 0.5 

Income ($1,000), mean (SD)* 47.8 (80.0) 32.3 (43.0) 29.2 (39.1)  16.1 16.6) 18.7 (17.6) 

Eyesight, mean (SD) (0-6)* 2.8 (1.0) 3.5 (1.2) 3.6 (1.2)  3.5 (1.3) 3.8 (1.2) 

Hearing, mean (SD) (0-5)* 2.7 (1.1) 3.1 (1.1) 3.2 (1.1)  2.9 (1.2) 3.2 (1.1) 

Functional limitations, mean (SD) (0-12)* 3.8 (2.7) 7.4 (2.8) 8.4 (2.5)  8.7 (2.0) 9.2 (2.2) 
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  No Formal 
 Formal 

 None (%) 1-20 Informal (%) >20 Informal (%)  No Informal Any Informal 

Chronic conditions, mean (SD) (0-6)* 2.8 (1.1) 3.2 (1.1) 3.2 (1.2)  3.1 (1.3) 3.2 (1.2) 

Cognitive impairment*       

No  84.2 8.5 5.7  0.5 1.1 

Yes 44.5 18.9 29.5  1.2 5.9 

Disability*       

No 85.6 7.8 5.3  0.4 1.0 

Yes 66.5 16.5 13.1  1.3 2.6 

Psychiatric medication*       

No 84.7 8.2 5.7  0.4 1.0 

Yes 68.7 15.7 11.6  1.3 2.8 

* p<.05 

Note: Data are from the RAND HRS (version K), RAND “Fat Files,” and HRS Core Files, years 2000, 2002, 2004, 2006, 2008, and 2010 (survey waves 5-10). The characteristics above 
apply to individuals in the analytic sample, which includes 14,171 unique individuals and 44,538 observations. Chi-squared tests were used to assess statistically significant differences at 
p<.05 (*) for categorical predictor variables. Multinomial probit models were used to assess statistically significant differences for continuous predictor variables. 
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Table 6-4. Multinomial Probit Output Indicating the Coefficients and Marginal Probabilities of Fall Outcomes (No Fall, Non-Injurious Fall, Fall-Related 

Injury) Associated with Selected Model Predictor Variables for Community-Dwelling Older Adults, 2000-2010 

 Non-Injurious Fall  Fall-Related Injury 

 β (SE) a p MPb p  β (SE) a p MPb p 

Unadjusted Percentages (reference: no fall, 66.0%) 23.3%   10.7% 
 

Weekly caregiver hours (reference: no care received)          

0 formal and 1-20 informal 0.19 (0.04) <0.001 0.03 <0.001  0.20 (0.05) <0.001 0.02 0.002 

0 formal and >20 informal 0.08 (0.06) 0.13 0.01 0.60  0.24 (0.06) <0.001 0.03 <0.001 

Any formal and 0 informal hours -0.16 (0.17) 0.36 -0.04 0.23  0.10 (0.17) 0.55 0.02 0.34 

Any formal and any informal hours -0.19 (0.12) 0.11 -0.04 0.08  -0.04 (0.13) 0.74 0.00 0.86 

Age (continuous, ≥65) 0.02 (0.00) <0.001 0.002 <0.001  0.03 (0.00) <0.001 0.003 <0.001 

Male (reference: female) 0.06 (0.03) 0.02 0.03 <0.001  -0.27 (0.03) <0.001 -0.04 <0.001 

Race (reference: Non-Hispanic White)         

Non-Hispanic African-American -0.23 (0.04) <0.001 -0.03 <0.001  -0.41 (0.05) <0.001 -0.04 <0.001 

Hispanic -0.13 (0.05) 0.01 -0.03 0.01  -0.08 (0.06) 0.19 0.00 0.58 

Other -0.19 (0.07) 0.003 -0.04 0.001  -0.02 (0.08) 0.78 0.01 0.52 

Educational level (reference: less than high school)          

High school graduate/GED 0.08 (0.03) 0.02 0.01 0.03  0.06 (0.04) 0.08 0.00 0.27 

Some college 0.10 (0.04) 0.01 0.01 0.05  0.15 (0.04) <0.001 0.02 0.003 

College and above 0.13 (0.04) 0.001 0.02 0.05  0.26 (0.04) <0.001 0.03 <0.001 

Income ($1,000) 0.00 (0.00) 0.11 0.00 0.12  0.00 (0.00) 0.34 0.00 0.68 

Eyesight (1-6) 0.02 (0.01) 0.09 0.00 0.24  0.03 (0.01) 0.02 0.003 0.05 
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 Non-Injurious Fall  Fall-Related Injury 

 β (SE) a p MPb p  β (SE) a p MPb p 

Hearing (1-5) 0.04 (0.01) <0.001 0.01 0.001  0.02 (0.01) 0.07 0.00 0.43 

Number of functional limitations (0-12)c 0.09 (0.00) <0.001 0.02 <0.001  0.08 (0.01) <0.001 0.01 <0.001 

Number of chronic conditions (0-6)d 0.11 (0.01) <0.001 0.02 <0.001  0.11 (0.01)) <0.001 0.01 <0.001 

Cognitive impairment 0.12 (0.07) 0.09 0.01 0.38  0.30 (0.08) <0.001 0.03 0.001 

Disabilitye 0.19 (0.04) <0.001 0.03 <0.001  0.21 (0.05) <0.001 0.02 0.001 

Psychiatric medication 0.36 (0.04) <0.001 0.06 <0.001  0.49 (0.04) <0.001 0.06 <0.001 

Log pseudo-likelihood -36,096.15          

N (Person-waves) 44,538         

N (Individuals) 14,171         

*=p<.05, **=p<.01, ***=p<.001.   
Note: Data are from the RAND HRS (version K), RAND “Fat Files,” and HRS Core Files, years 2000, 2002, 2004, 2006, 2008, and 2010 (survey waves 5-10). The model specification 
uses complete-case analysis. The reference category in the multinomial probit model is “no fall.” The formal and informal weekly caregiver hours terms were demeaned. 
a Clustering due to repeated observations was controlled for using modified “sandwich” estimators. 
b Marginal probability of each of the outcomes (no fall, non-injurious fall, and fall-related injury) is the discrete change from the base level for categorical variables, using the average 
marginal effect (AME) across all respondents. With the AME, the marginal probability for each respondent is computed and then an average is taken across values for all respondents. 
c Functional limitations are any difficulty with walking several blocks, walking one block, jogging one mile, sitting for two hours, getting up from a chair, going up several flights of stairs, 
going up one flight of stairs, stooping/kneeling/crouching, reaching or extending arms above shoulders, pulling/pushing large objects, lifting or carrying weights over 10 pounds, and/or 
picking up a dime from a table.  
d Chronic conditions are (current presence of) high blood pressure, diabetes, cancer, heart disease, stroke, and/or arthritis.  
e Disability indicates whether or not the respondent ever applied for disability benefits. 
f MS = marginally significant (p < 0.10). MS is only used for the main predictors of interest, i.e., the caregiver dummy variables.  
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Table 6-5. Multinomial Probit Output Indicating the Coefficients and Marginal Probabilities of Fall Outcomes (No Fall, Non-Injurious Fall, Fall-Related 

Injury) Associated with Formal and Informal Weekly Caregiver Hours by Cognitive Impairment Status for Community-Dwelling Older Adults, 2000-2010 

 Non-Injurious Fall  Fall-Related Injury 

 β (SE) a p MPb p  β (SE) a p MPb p 

Cognitively Impaired     

Unadjusted Percentages  (reference: no fall, 59.1%) 24.5%  16.3%  

Weekly caregiver hours          

0 formal and 1-20 informal 0.20 (0.17) 0.24 0.06 0.15  -0.08 (0.20) 0.69 -0.03 0.34 

0 formal and >20 informal -0.10 (0.20) 0.62 0.01 0.85  -0.46 (0.22) 0.04 -0.07 0.03 

Any formal and 0 informal  -0.90 (0.61) 0.14 -0.13 0.15  -0.89 (0.61) 0.14 -0.10 0.19 

Any formal and any informal  -0.37 (0.38) 0.32 -0.02 0.77  -1.19 (0.49) 0.02 -0.15 0.001 

Log pseudo-likelihood -842.40         

N (Person-waves) 912         

N (Individuals) 636         

Not Cognitively Impaired     

Unadjusted Percentages  (reference: no fall, 68.7%) 21.3%  10.0%  

Weekly caregiver hours         

0 formal and 1-20 informal 0.19 (0.04) <0.001 0.03 <0.001  0.21 (0.05) <0.001 0.02 0.002 

0 formal and >20 informal 0.11 (0.06) 0.07 0.01 0.51  0.30 (0.06) <0.001 0.04 <0.001 

Any formal and 0 informal  -0.10 (0.18) 0.57 -0.03 0.37  0.17 (0.18) 0.35 0.03 0.25 

Any formal and any informal  -0.17 (0.13) 0.18 -0.04 0.10  0.05 (0.13) 0.73 0.01 0.42 

Log pseudo-likelihood -35,049.69         

N (Person-waves) 43,626         
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 Non-Injurious Fall  Fall-Related Injury 

 β (SE) a p MPb p  β (SE) a p MPb p 

N (Individuals) 14,064         
*=p<.05, **=p<.01, ***=p<.001.   
Note: Data are from the RAND HRS (version K), RAND “Fat Files,” and HRS Core Files, years 2000, 2002, 2004, 2006, 2008, and 2010 (survey waves 5-10). The model specification 
uses complete-case analysis. The reference category in the multinomial probit model is “no fall.” The formal and informal weekly caregiver hours terms were demeaned. 
a Clustering due to repeated observations was controlled for using modified “sandwich” estimators. 
b Marginal probability of each of the outcomes (no fall, non-injurious fall, and fall-related injury) is the discrete change from the base level for categorical variables, using the average 
marginal effect (AME) across all respondents. With the AME, the marginal probability for each respondent is computed and then an average is taken across values for all respondents. 
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Table 6-6. Multinomial Probit Output for Models with and without Imputed Data Indicating the Coefficients of Fall Outcomes (No Fall, Non-Injurious Fall, 

Fall-Related Injury) Associated with Formal and Informal Weekly Caregiver Hours for Community-Dwelling Older Adults, 2000-2010 

 Non-injurious Fall  Fall-related Injury 

 β (SE) a P-value  β (SE) a P-value 

Model with Imputed Data (n = 45,556)    

Unadjusted Percentages (reference: no fall, 67.6%) 22.1%  10.4% 

Weekly caregiver hours      

0 formal and 1-20 informal 0.20 (0.04) <0.001  0.21 (0.04) <0.001 

0 formal and >20 informal 0.08 (0.05) 0.12  0.24 (0.06) <0.001 

Any formal and 0 informal hours -0.14 (0.16) 0.38  0.12 (0.16) 0.45 

Any formal and any informal hours -0.20 (0.11) 0.07  -0.07 (0.12) 0.58 

Main Model (no imputed data) (n = 44,538)      

Unadjusted Percentages (reference: no fall, 66.0%) 23.3%  10.7% 

0 formal and 1-20 informal 0.19 (0.04) <0.001  0.20 (0.05) <0.001 

0 formal and >20 informal 0.08 (0.06) 0.13  0.24 (0.06) <0.001 

Any formal and 0 informal hours -0.16 (0.17) 0.36  0.10 (0.17) 0.55 

Any formal and any informal hours -0.19 (0.12) 0.11  -0.04 (0.13) 0.74 
Note: Data are from the RAND HRS (version K), RAND “Fat Files,” and HRS Core Files, years 2000, 2002, 2004, 2006, 2008, and 2010 (survey waves 5-10). The main model 
specification uses complete-case analysis while the model with imputed data uses five iterations with the iterated chained equations technique. The reference category in the multinomial 
probit model is “no fall.” The formal and informal weekly caregiver hours terms were demeaned. 
a Clustering due to repeated observations was controlled for using modified “sandwich” estimators. 
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Figure 6-1. Predicted Probabilities of Non-injurious Falls (NIF) and Fall-related Injuries (FRI) Associated with Disablement Process Model Factors—Chronic 

Pathology, Sensory Impairment, Functional Limitation, Disability Status, and Intra- and Extra-Individual Factors—among Older Adults, 2000-2010 
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Note: Data are from the RAND HRS (version K), RAND “Fat Files,” and HRS Core Files, years 2000, 2002, 2004, 2006, and 2008 (survey waves 5-10). The model specification uses 
complete-case analysis. The reference category in the multinomial probit model is “no fall.” Clustering from repeated observations was adjusted for using modified “sandwich” estimators. 
Predicted probabilities were computed using average marginal effects across all survey respondents in the analytic sample. 
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Second Research Question 

Are NIFs/FRIs associated with subsequent and longer-term increases in depressive symptoms, after 

accounting for increases in fall risk associated with depressive symptoms and are depressive symptom 

levels associated with subsequent and longer-term increases in fall risk after accounting for increases 

in depressive symptoms among community-dwelling older adults? 

Unadjusted Results: Descriptive Data 

 Sample characteristics from 2006 (which were the same for both the NIF and FRI models) are 

provided in Table 6-7. Approximately one-third of the sample experienced a fall within the past two 

years, with more than one in five experiencing a NIF and approximately one in ten experiencing a FRI. 

The average score for the eight CES-D depressive symptoms variable (where responses were scored as 

1 for yes and 0 for no) was 0.18 (SD = 0.24) and the mean sum was 1.45 (SD = 1.91). Average scores 

on specific CES-D items (e.g., how often a respondent felt lonely or sad during the past week) are also 

available in Table 6-7. Average scores of neighborhood social cohesion were 5.58 (SD = 1.39) on a 

scale of one to seven. Average scores of positive social support were 3.48 (SD = 0.63) on a scale of 

one to four and average scores of negative social support (reverse coded so that a higher score 

indicated less negative support) were 3.03 (SD = 0.66) on a scale of one to four. On average, 

respondents reported having only 1.00 (SD = 1.98) activity of daily limitation (ADL) out of 11 

measured ADLs (see Chapter 4 for a list of the ADLs that were measured), and a score of 2.41 (SD = 

2.61) on the cognitive status measure, which had a scale from zero to 15. 

Goodness-of-Fit Indices for the NIF and FRI Models 

 The empirical adequacy of the two cross-lagged panel models was assessed using a number of 

goodness-of-fit indicators. Both models had sample sizes of 13,439. The chi-squares were significant, 

at p < 0.05, in both models (Table 6-8), which indicates that the observed covariance matrix is not the 

same as the covariance matrix implied by either the NIF or FRI model. However, the sample size can 
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increase the ability of the chi-square test to observe a discrepancy between the observed covariance 

matrix and the matrix predicted by the model.274 Accordingly, other goodness-of-fit indicators were 

obtained. The comparative fit index (CFI) assesses the relative fit (i.e., whether the observed 

covariance matrix fits the covariance matrix of the predicted model) of the target model and the null 

model with zero correlations among variables. For the NIF model, the comparative fit index (CFI) was 

0.944, exceeding an accepted threshold value for fit of an SEM, of 0.90.291 The normed fit index (NFI) 

for the NIF model was 0.941, indicating that the theoretical model had an approximately 94% better fit 

than the null model. This NFI value is higher than an acceptable fit threshold value of 0.90.279 As 

expected, the rho non-normed fit index (TLI) was slightly lower than the NFI, at 0.932. 

 For the FRI model, the CFI was 0.945, the normed fit index was 0.933, and the rho non-normed 

fit index was 0.932 (Table 6-8). Thus, both the NIF and FRI models had acceptable fit according to the 

comparative and practical fit indices. The NFI was slightly lower in the FRI compared to the NIF 

model, at 0.932 compared to 0.941. However, the CFI was similar in the NIF and FRI models, at 0.944 

and 0.945, and the TLI was the same in the two models, at 0.932. The root mean squared error of 

approximation (RMSEA) was acceptable for both models, at 0.026 and 0.025 respectively. 

Cross-lagged Panel Model Output 

Measurement Component Output in the NIF and FRI Models 

 As discussed in Chapter 5, there are measurement and structural components to a structural 

equation model (SEM) and the measurement component “specifies the relations of the observed 

measures to their posited underlying constructs, with the constructs allowed to intercorrelate freely” (p. 

411).266 Unstandardized and standardized factor loadings for the models’ latent variables are shown in 

Tables 6-9 (NIF model) and 6-10 (FRI model). All of the loadings of the indicator variables onto the 

latent variables in both models were statistically significant. Standardized loadings for the majority of 

observed indicators (including indicators contained within parcels) for latent variables were 0.55 or 

higher. For example, in the NIF model (Table 6-9), the number of activities of daily living (ADL) 
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limitations and number of chronic conditions (contained in a first parcel, labeled “Health 1,” where the 

total scoring sum was divided by two as discussed in Chapter 5) had a standardized factor loading onto 

the “Poor Health” latent variable of 0.63 (SE = 0.01), which has 40% shared variance with the “Poor 

Health” latent factor.273 Also in the NIF model, the second parcel, involving half of the sum of vision 

and hearing scores (“Health 2”) and the third parcel, involving half the sum of the cognitive score and 

number of functional limitations (“Health 3”) had factor loadings onto “Poor Health” of 0.43 (SE = 

0.01) and 0.87 (SE = 0.01), respectively.  

 The standardized factor loadings for indicators of social cohesion and social support for the 

NIF model are also shown in Table 6-9. Each of the four social cohesion indicators had excellent (or 

near-excellent) loadings of 0.71 or higher, explaining 50% or more of the shared variance with the 

social cohesion factor. For the social support latent factor, two of the four indicators had loadings that 

were very good or near very good (0.63 or higher, explaining 40% or more of the shared variance with 

the social support factor). The other two indicators for social support had good and fair loadings of 

0.55 and 0.46, respectively. For depressive symptoms, loadings of indicators onto the latent variables 

for each of years 2006, 2008, and 2010 were similar and were generally good to very good. For 

instance, for indicator “DS 1” (a parcel containing half of the averaged to responses about enjoying life 

and considering oneself happy), the standardized loading was 0.50 (SE = 0.01) in 2006, 0.50 (SE = 

0.01) in 2008, and 0.55 (SE = 0.01) in 2010.  

 The standardized loadings for observed indicators in the FRI model (Table 6-10) were nearly 

identical to those in the NIF model and so interpretations of the loadings are similar to those provided 

above for the NIF model loadings.   

Structural Component Output 

 Table 6-11 shows the regression coefficients for the structural pathways, which are pathways 

between latent factors and other latent factors, latent factors and observed variables (i.e., NIFs and/or 

FRIs), and between observed variables and other observed variables. Also see Figures 6-2 and 6-3 for 
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the structural coefficients for the NIF model and Figures 6-4 and 6-5 for the structural coefficients of 

the FRI model. There were 14 structural coefficients in the NIF model and 13 structural coefficients in 

the FRI model. The first part of the table (Part A) provides the unstandardized regression coefficients 

and standard errors for the associations between (latent and observed) variables in the cross-lagged 

panel model. Statistically significant associations are bolded. Part B of the table shows the 

standardized parameter estimates. Part C of the table shows the correlations between the model 

variables. 

Structural Component Output: NIF Model 

 As shown in Part A of Table 6-11, social support, social cohesion, and poor health are 

significantly associated with one another. Social support and social cohesion have a positive 

association while each of social support and social cohesion has a negative association with poor 

health. Additionally, many of the other structural parameter estimates are statistically significant. As 

expected based upon numerous previous findings linking health status and fall risk, the “Poor Health” 

latent factor (measured in 2006) was associated with NIFs in 2006. The unstandardized regression 

coefficient is 0.58 (SE = 0.03). The standardized coefficient is shown in Part B of Table 6-10 and is 

0.28. Neither the unstandardized nor standardized coefficients are easily interpretable in terms of 

magnitude, however, given that the outcome variable in this structural equation is dichotomous and 

thus a probit estimation was used (i.e., the coefficient represents a probit coefficient). Nonetheless, the 

direction and significance of the coefficient are interpretable: poor health is associated with increased 

NIF risk and the magnitude of the association is fairly sizeable. Also as expected, increased social 

support and social cohesion in 2006 are associated with decreased, while poor health is associated with 

increased, depressive symptom levels in 2006. Using the standardized coefficients shown in Part B of 

Table 6-10, a one-unit increase in social support is associated with a 0.23 decrease in the 2006 

depressive symptoms score (where the score ranges from 0 to 1). One-unit increases in social cohesion 
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and poor health are associated with a 0.01 decrease and a 0.14 increase in 2006 depressive symptoms, 

respectively.  

 Several of the structural regression coefficients involved regressions involving the same 

variable at different time points. It was expected that NIFs would be associated with other NIFs over 

time given that many older adults experience multiple falls. The model output shows this to be the 

case, as NIFs in 2006 were significantly associated with NIFs in 2008 (unstandardized β = 0.50, SE = 

0.02), while NIFs in 2008 were significantly associated with NIFs in 2010 (unstandardized β = 0.46, 

SE = 0.02). This finding comports with those of other studies, which show that prior falls are 

associated with subsequent falls (either a single subsequent fall or multiple subsequent falls) amongst 

older adults.34,91 

 Similarly, there was a strong relationship between depressive symptoms over time, as 2006 

depressive symptoms were strongly associated with 2008 symptoms (unstandardized β = 0.90, SE = 

0.03) and 2008 symptoms were strongly associated with 2010 symptoms (unstandardized β = 0.89, SE 

= 0.03) (Table 6-11A). The standardized coefficients for the depressive symptoms relationships were 

similar, at 0.89 and 0.81, respectively, meaning that a one-unit increase in depressive symptoms in 

2006 was associated with a 0.89 increase in 2008 symptoms while a 0.81 increase in symptoms was 

associated with a 0.81 increase in 2010 symptoms. Note that the range for the depressive symptoms 

variables was zero to one and thus a one-unit increase in depressive symptoms is clinically unlikely 

because it would represent going from zero to total depressive symptoms in an individual. Given that 

the relationships between these variables are assumed to be linear, however, rescaling these values 

allows for reinterpretation of the output. Thus, from the output, a 0.125 increase in 2006 depressive 

symptoms (which would be similar to a one-point increase on the eight-point CES-D short scale that is 

often used to measure depressive symptoms) would be associated with a 0.11 increase (or nearly one-

point) increase in 2008 depressive symptoms. A 0.125-increase in 2008 depressive symptoms would 

be associated with a 0.10 increase in 2010 depressive symptoms. Thus, depressive symptoms persist 
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over time at fairly stable levels according to the model. Others have found that depression levels 

(whether continual levels of depression or lack of depressive symptoms) are stable over time.164  

 In terms of the “cross-lags,” i.e., the regression coefficients for the intertemporal associations 

of NIFs and depressive symptoms, depressive symptoms were associated with later NIF risk, but NIFs 

were not associated with later depressive symptoms increases. NIFs had low correlations with 

subsequent depressive symptom levels. 2006 NIFs and 2008 depressive symptoms had a correlation of 

0.16 while 2008 NIFs and 2010 depressive symptoms had a similarly low correlation of 0.14 (Table 6-

11C). Regression coefficients for these two temporal associations were near zero and were non-

significant (Table 6-11B). In terms of depressive symptoms’ associations with subsequent NIFs, probit 

coefficients were significant as shown in Table 6-11A (unstandardized probit coefficients) and Table 

6-11B (standardized probit coefficients). However, as this output is not easily interpretable (aside from 

the sign and statistical significance of the coefficients), predicted probabilities of 2008 NIFs were 

estimated based upon a one-standard deviation (SD) change in 2006 depressive symptoms levels (see 

Chapter 5). (Also, predicted probabilities based upon one-half SD changes were computed.) 

Specifically, the probability of a 2008 NIF was estimated at the mean, mean minus one-SD and mean 

plus one-SD depressive symptoms levels (measured in 2006). A one-SD change is a large change in 

depressive symptoms, but is interpretable as an assessment of a potential clinical change in symptom 

levels among older respondents. As shown in Figure 6-6, the predicted probability of a 2008 NIF at the 

mean level of 2006 depressive symptoms levels is 24.9%. At one SD below the mean 2006 depressive 

symptoms levels, the predicted probability of a NIF is 22.1%, while at one SD above the mean 2006 

depressive symptoms levels, the predicted probability of a NIF is 27.9%. In other words, a one-SD 

change in 2006 depressive symptoms levels is associated with an approximately 12% increase in NIF 

risk. Predicted probabilities of NIFs for changes in 2008 depressive symptoms levels were not 

computed given that the regression coefficients for 2006 depressive symptoms/2008 NIFs and for 2008 

depressive symptoms/2010 NIFs were very similar (0.85 and 0.83). 
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 Given that a one SD change in depressive symptom levels is a large clinical change, predicted 

probabilities were also computed for a 0.5 SD change in 2006 depressive symptoms. At one-half SD 

below the mean 2006 depressive symptom level, the risk of a NIF is 23.5% whereas at one-half SD 

above the mean 2006 depressive symptom level, the risk of a NIF is 26.4% (see Figure 6-6). Thus, 

given that the predicted probability of a NIF at the mean 2006 depressive symptom level is 24.9%, a 

half-SD change increase (or decrease) in depressive symptoms is associated with a 6% increase (or 

decrease) in NIF risk. Note that 13.3% of the sample experienced an increase in depressive symptoms 

levels from 2006 to 2008 that was greater than one SD, or 1.91 points on the CES-D scale (since the 

changes were in one-point increments, this means that 13.3% of the sample had an increase of two or 

more point in their CES-D scores). Similarly, 13.3% experienced an increase of one SD or greater in 

depressive symptom levels from 2008 to 2010. (Also, roughly 26% of respondents had an increase or 

decrease that was greater than one SD.) Approximately 26% of the sample experienced a change in 

depressive symptoms levels of one-half SD or more for 2006 to 2008 (and 28% for 2008 to 2010). 

(Again, since the changes were in one-point increments, this means that approximately 26% of the 

sample had changes or one or more points in their CES-D scores.) The predicted NIF probabilities for 

a quarter-SD decrease and increase in 2006 depressive symptoms were 24.2% and 25.7%, 

respectively—or, 3% changes from the risk at mean levels. Approximately 56% of individuals in 2006 

had a change of one-half SD or more (i.e., one point or more) when measured in 2008. 

 In addition to the direct effects noted above, it is also possible to compute indirect and total 

(indirect plus direct) intertemporal “effects,” or associations, of model variables with one another. By 

computing the magnitude of the indirect associations and comparing those to the direct associations, I 

can produce output to assess H2.3a, which has to do with short- and longer-term associations between 

model variables (i.e., whether short-term associations between depressive symptoms and falls were 

greater than longer-term, or four-year, associations between depressive symptoms and falls) (see 

Chapter 1). For instance, the standardized coefficients for the direct associations between 2006 
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depressive symptoms and 2008 NIFs and between 2008 depressive symptoms and 2010 NIFs, 

respectively, were 0.08 and 0.09. To estimate the standardized coefficient for the indirect association 

between 2006 depressive symptoms and 2010 NIFs, I take the sum of the products of the multiple 

structural pathways connecting 2006 depressive symptoms and 2010 NIFs.164 In other words, first I 

find the product of the standardized coefficients of the pathways between (1) 2006 depressive 

symptoms and 2008 depressive symptoms and (2) 2008 depressive symptoms and 2010 NIFs, giving 

product (A). Then I find the product of the standardized coefficients of the pathways between (1) 2006 

depressive symptoms and 2008 NIFs and (2) 2008 NIFs and 2010 NIFs, giving product (B). I then take 

the sum of the products of A and B. Using Table 6-11B, product A equals 0.89 times 0.09 and product 

B equals 0.08 times 0.46. The sum of products A and B is 0.12. Using the same process, the sum of 

products of the two indirect pathways connecting 2006 NIFs to 2010 depressive symptoms is 0.01.  

 In summary, then, the direct short-term “effect” of the 2006 depressive symptoms on 2008 

NIFs is 0.08 (and the direct “effect” for 2008 depressive symptoms on 2010 NIFs is similar, at 0.09), 

while the indirect, long-term “effect” of 2006 depressive symptoms on 2010 NIFs is 0.12. (Note that 

the term “effect” here is used with caution. The term is not intended to imply a causal effect, but rather 

a directional association, subject to a number of caveats regarding model error, as discussed in Chapter 

4.) The direct, short-term “effect” of 2006 NIFs on 2008 depressive symptoms is -0.01 (and the short-

term “effect” of 2008 NIFs on 2010 depressive symptoms is 0.03), while the indirect, long-term 

“effect” of 2006 NIFs on 2010 depressive symptoms is 0.01. This means that H2.3a is correct with 

respect to the “effect” of depressive symptoms on subsequent NIFs, as the magnitude of the indirect, 

longer-term association is greater than the direct, short-term association. With respect to the “effect” of 

NIFs on subsequent depressive symptoms, however, H2.3a is not correct (though not necessarily 

incorrect). There is no notable directional association between NIFs and subsequent depressive 

symptoms, thus H2.3a cannot be assessed using the model output. 
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Structural Component Output: FRI Model 

 In terms of structural coefficients in the FRI model, results were similar to those observed in 

the NIF model. Regression coefficients were almost identical for the associations between social 

support, social cohesion, and poor health in the two models. Coefficients for associations between 

2006 depressive symptoms and social cohesion, social support, and poor health were also nearly 

identical in the two models and coefficients were similar for the association between poor health and 

NIFs/FRIs in 2006 (unstandardized β = 0.58 in the NIF model and 0.66 in the FRI model) (Table 6-

12A). Auto-regressions for NIFs and for FRIs over time were also similar in the two models. In the 

NIF model, associations between 2006 and 2008 NIFs and between 2008 and 2010 NIFs were 0.50 (SE 

= 0.02) and 0.46 (SE = 0.02) (unstandardized beta coefficients), respectively, while in the FRI model, 

associations between 2006 and 2008 FRIs and 2008 and 2010 FRIs, respectively, were 0.47 (SE = 

0.03) and 0.41 (SE = 0.03). As with the NIF model, FRIs had low correlations with subsequent 

depressive symptom levels. 2006 FRIs and 2008 depressive symptoms had a slightly higher correlation 

of 0.21 (versus 0.16 in the NIF model) while 2008 FRIs and 2010 depressive symptoms had a similarly 

low correlation of 0.17 (compared to 0.14 in the NIF model) (Table 6-12C). Regression coefficients for 

these two temporal associations were near zero and were non-significant, as in the NIF model. 

 The only major differences of note between the two models involved the cross-lags between 

depressive symptoms and falls. In the NIF model, the unstandardized coefficients for the associations 

between 2006 depressive symptoms and 2008 NIFs and between 2008 depressive symptoms and 2010 

NIFs were 0.85 (SE = 0.16) and 0.83 (SE = 0.16), respectively. In the FRI model, the unstandardized 

coefficients for the associations between 2006 depressive symptoms and 2008 FRIs and between 2008 

depressive symptoms and 2010 FRIs were 1.00 (SE = 0.19) and 0.95 (SE = 0.19), respectively (Table 

6-11A). This translates into predicted probabilities of FRIs at various depressive symptom levels that 

are greater than those observed in the NIF model. At mean 2006 depressive symptom levels, the risk of 

an FRI is 8.6% (compared to 24.9% for NIFs). At one SD below mean 2006 depressive symptom 



 178

levels, the risk of an FRI is 6.7% (compared to 22.1% for NIFs) and at one SD above mean 2006 

depressive symptom levels, the risk of an FRI is 10.8% (compared to 27.9% for NIFs). Thus, FRI risk 

increases by approximately 28% (compared to 12% for NIFs) with a one-SD increase in 2006 

depressive symptom levels (and the risk decreases by approximately 22% with one-SD decrease in 

2006 depressive symptom levels). (As with the NIF model, predicted probabilities of FRIs for changes 

in 2008 depressive symptoms levels were not computed given that the regression coefficients for 2006 

depressive symptoms/2008 FRIs and for 2008 depressive symptoms/2010 FRIs were very similar (0.91 

and 0.95). The large difference in relative risk increase in the two models is a function of the difference 

in the prevalence of NIFs compared to FRIs.  

 Given that a one SD change in depressive symptom levels is a large change, predicted 

probabilities were also computed for a 0.5 SD change in 2006 depressive symptoms. At one-half SD 

below the mean 2006 depressive symptom level, the risk of a FRI is 7.6% whereas at one-half SD 

above the mean 2006 depressive symptom level, the risk of a FRI is 9.6% (Figure 6-6). Thus, given 

that the predicted probability of a FRI at the mean 2006 depressive symptom level is 8.6%, a half-SD 

change increase (or decrease) in depressive symptoms is associated with a 12% increase (or decrease) 

in FRI risk. The predicted FRI probabilities for a quarter-SD decrease and increase in 2006 depressive 

symptoms were 8.1% and 9.1%, respectively—or, 6% changes from the risk at mean levels. 

 As shown above, the model results can also be examined in order to compute magnitudes of 

longer-term, directional associations between FRIs and subsequent depressive symptoms and between 

depressive symptoms and subsequent FRIs. Using the methods above of summing the products of 

multiple indirect pathways between model variables, the longer-term (standardized) magnitudes of 

association between 2006 depressive symptoms and 2010 FRIs and between 2006 FRIs and 2010 

depressive symptoms are 0.14 and 0.04, respectively. By comparison, shorter-term (standardized) 

magnitude of associations between depressive symptoms and subsequent FRIs and between FRIs and 

subsequent depressive symptoms were 0.11 and 0.03, respectively. Thus, unlike with depressive 
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symptoms and subsequent NIFs (as discussed above), the short-term (i.e., two-year) magnitude of 

association was larger than the longer-term (i.e., four-year) magnitude of association with respect to 

depressive symptoms and FRIs.  
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Table 6-7. Selected Sample Characteristics, 2006 

Variable Percentage or Mean (SD) 

Depressive symptoms  (0-8) 1.46 (1.91) 

Lonely (0-1) 0.18 (0.39) 

Sad (0-1) 0.19 (0.39) 

Restless sleep (0-1) 0.28 (0.45) 

Happy (0-1) 0.12 (0.32) 

Enjoy life (0-1) 0.07 (0.25) 

Unmotivated (0-1) 0.22 (0.42) 

Everything an effort (0-1) 0.25 (0.43) 

Depressed (0-1) 0.16 (0.37) 

Non-injurious falls (%) 22.1  

Fall-related Injuries (%) 10.4  

Social cohesion (1: least cohesive-7: most cohesive) 5.58 (1.39) 

Positive spousal support (1: least positive-4: most positive) 3.48 (0.63) 

Negative spousal support (1: least negative-4: most negative) 3.03 (0.66) 

Number of chronic conditions (0-6) 2.14 (1.22) 

Number of activities of daily limitation (0-11) 1.00 (1.98) 

Cognitive status (0-15) 2.41 (2.61) 
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Table 6-8. Goodness of Fit for Trimmed Models with Depressive Symptoms and Non-Injurious Falls (M1) and Fall-

Related Injuries (M2) 

Non-injurious Fall (M1)  

Chi-squared (df) 2,646.39 (266), p < 0.001 

Normed fit index 0.941 

TLI (rho non-normed fit index) 0.932 

CFI 0.944 

RMSE 0.026 

Fall-related Injury (M2)  

Chi-squared (df) 2,511.52 (267), p < 0.001 

Normed fit index 0.933 

TLI (rho non-normed fit index) 0.932 

CFI 0.945 

RMSE 0.025 

Note: df = degrees of freedom, RMSE = root mean squared error, CFI = comparative fit index,  
TLI = Tucker-Lewis index; A model is considered to have acceptable fit272,278 if the CFI exceeds 0.93,279 the Normed Fit 
Index (NFI) exceeds 0.90280 or 0.95,281 and the RMSE is less than 0.08282 or, preferably, less than 0.05272,283 or 0.06.267 
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Table 6-9. Measurement Parameter Estimates for Trimmed Non-Injurious Fall (NIF) Model  

Variables  Factor Loading (SE) 

Latent Observed  Unstandardized  Standardized 

Poor Health Health 1a  1.00 (0.00)  0.63 (0.01) 

 Health 2b  0.69 (0.02)  0.43 (0.01) 

 Health 3c  3.98 (0.09)  0.87 (0.01) 

Social Cohesion People are unfriendly  1.00 (0.00)  0.79 (0.01) 

 I don’t belong in this area  0.93 (0.03)  0.71 (0.01) 

 People can’t be trusted  0.90 (0.03)  0.70 (0.01) 

 Nobody would help if in trouble  0.94 (0.03)  0.74 (0.01) 

Social Support Support from children  1.00 (0.00)  0.68 (0.02) 

 Support from spouse  0.92 (0.05)  0.61 (0.02) 

 Support from other family  0.85 (0.03)  0.55 (0.02) 

 Support from friends  0.59 (0.03)  0.46 (0.02) 

Depressive Symptoms—2006 DS 1d  1.00 (0.00)  0.50 (0.01) 

 DS 2 e  1.58 (0.05)  0.58 (0.01) 

 DS 3 f  1.61 (0.06)  0.58 (0.01) 

 DS 4 g  1.95 (0.06)  0.72 (0.01) 

Depressive Symptoms—2008 DS 1d  1.00 (0.00)  0.50 (0.01) 

 DS 2 e  1.52 (0.05)  0.60 (0.01) 

 DS 3 f  1.51 (0.05)  0.56 (0.01) 

 DS 4 g  1.69 (0.05)  0.71 (0.01) 

Depressive Symptoms—2010 DS 1d  1.00 (0.00)  0.55 (0.01) 

 DS 2 e  1.48 (0.05)  0.65 (0.01) 

 DS 3 f  1.41 (0.05)  0.59 (0.01) 

 DS 4 g  1.65 (0.05)  0.77 (0.01) 

Note: Parameters with an unstandardized factor loading of 1.00 were fixed at a value of 1.00. All factor loadings were 
statistically significant at p < 0.05. 
a ADLs and number of chronic conditions, b vision and hearing, c cognitive score and count of functional limitations, d 

enjoys life and happy, e sad and lonely, f unmotivated and restless sleep, g depressed and everything was an effort. 
Note: Factor loadings are unstandardized. Parameters with a factor loading of 1.00 were fixed at a value of 1.00. 
a ADLs and number of chronic conditions, b vision and hearing, c cognitive score and count of functional limitations, d 

enjoys life and happy, e sad and lonely, f unmotivated and restless sleep, g depressed and everything was an effort. 
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Table 6-10. Measurement Parameter Estimates for Trimmed Fall-related Injury (FRI) Model  

Variables  Factor Loading (SE) 

Latent Observed  Unstandardized  Standardized 

Poor Health Health 1a  1.00 (0.00)  0.63 (0.01) 

 Health 2b  0.68 (0.02)  0.43 (0.01) 

 Health 3c  3.99 (0.09)  0.87 (0.01) 

Social Cohesion People are unfriendly  1.00 (0.00)  0.79 (0.01) 

 I don’t belong in this area  0.93 (0.03)  0.71 (0.01) 

 People can’t be trusted  0.90 (0.03)  0.70 (0.01) 

 Nobody would help if in trouble  0.94 (0.03)  0.74 (0.01) 

Social Support Support from children  1.00 (0.00)  0.68 (0.02) 

 Support from spouse  0.91 (0.05)  0.61 (0.02) 

 Support from other family  0.85 (0.03)  0.55 (0.02) 

 Support from friends  0.58 (0.03)  0.46 (0.02) 

Depressive Symptoms—2006 DS 1d  1.00 (0.00)  0.50 (0.01) 

 DS 2 e  1.57 (0.05)  0.58 (0.01) 

 DS 3 f  1.61 (0.06)  0.58 (0.01) 

 DS 4 g  1.95 (0.06)  0.72 (0.01) 

Depressive Symptoms—2008 DS 1d  1.00 (0.00)  0.50 (0.01) 

 DS 2 e  1.52 (0.05)  0.60 (0.01) 

 DS 3 f  1.52 (0.05)  0.59 (0.01) 

 DS 4 g  1.71 (0.05)  0.77 (0.01) 

Depressive Symptoms—2010 DS 1d  1.00 (0.00)  0.55 (0.01) 

 DS 2 e  1.48 (0.05)  0.65 (0.01) 

 DS 3 f  1.42 (0.05)  0.59 (0.01) 

 DS 4 g  1.65 (0.05)  0.77 (0.01) 

Note: Parameters with an unstandardized factor loading of 1.00 were fixed at a value of 1.00. All factor loadings were statistically 
significant at p < 0.05. 
a ADLs and number of chronic conditions, b vision and hearing, c cognitive score and count of functional limitations, d enjoys life and 
happy, e sad and lonely, f unmotivated and restless sleep, g depressed and everything was an effort. 
Note: Factor loadings are unstandardized. Parameters with a factor loading of 1.00 were fixed at a value of 1.00. 
a ADLs and number of chronic conditions, b vision and hearing, c cognitive score and count of functional limitations, d enjoys life and 

happy, e sad and lonely, f unmotivated and restless sleep, g depressed and everything was an effort. 
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Table 6-11. Unstandardized and Standardized Regression Coefficients and Latent Variable Correlations for Trimmed Non-injurious Fall (NIF) and 

Depressive Symptoms (DS)   

Independent Variables   

Dependent Variable Social Support Social Cohesion Poor Health 2006 NIF 2006 DS 2008 NIF 2008 DS 2010 NIF 2010 DS 

A. Unstandardized regression coefficients   

Social Support * * * * * * * * * 

Social Cohesion 

0.17 

(0.01) * * * * * * * * 

Poor Health 

-0.04 

(0.00) 

-0.15 

(0.01) * * * * * * * 

2006 NIF * * 

0.58 

(0.03) * * * * * * 

2006 DS 

-0.08 

(0.01) 

-0.01 

(0.00) 

0.14 

(0.01) 

0.00 

(0.00) * * * * * 

2008 NIF * * * 

0.50 

(0.02) 

0.85 

(0.16) * * * * 

2008 DS * * * 

-0.00 

(0.00) 

0.90 

(0.03) * * * * 

2010 NIF * * * * * 

0.46 

(0.02) 

0.83 

(0.16) * * 

2010 DS * * * * * 

0.00 

(0.00) 

0.89 

(0.03) * * 

B. Standardized regression coefficients       

Social Support * * * * * * * * * 

Social Cohesion 0.35 * * * * * * * * 

Poor Health -0.21 -0.21 * * * * * * * 

2006 NIF * * 0.28 * * * * * * 

2006 DS -0.23 -0.06 0.61 * * * * * * 
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Independent Variables   

Dependent Variable Social Support Social Cohesion Poor Health 2006 NIF 2006 DS 2008 NIF 2008 DS 2010 NIF 2010 DS 

2008 NIF * * * 0.46 0.08 * * * * 

2008 DS * * * -0.01 0.89 * * * * 

2010 NIF * * * * * 0.46 0.09 * * 

2010 DS * * * * * 0.03 0.81 * * 

C. Correlations          

Social Support 1.00         

Social Cohesion 0.35 1.00        

Poor Health -0.22 -0.21 1.00       

2006 NIF -0.06 -0.06 0.29 1.00      

2006 DS -0.38 -0.26 0.68 0.15 1.00     

2008 NIF -0.06 -0.05 0.20 0.48 0.16 1.00    

2008 DS -0.34 -0.23 0.60 0.16 0.88 0.12 1.00   

2010 NIF -0.06 -0.05 0.15 0.24 0.16 0.48 0.15 1.00  

2010 DS -0.27 -0.19 0.49 0.15 0.72 0.14 0.81 0.15 1.00 

Note: Values in bold indicate statistically significant regression coefficients or latent variable correlations. n = 13,439. NIF = non-injurious fall. DS = depressive symptoms. 
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Table 6-12. Unstandardized and Standardized Regression Coefficients and Latent Variable Correlations for Trimmed Fall-related Injuries (FRI) and 

Depressive Symptoms (DS)   

Independent Variables   

Dependent Variable Social Support Social Cohesion Poor Health 2006 FRI 2006 DS 2008 FRI 2008 DS 2010 FRI 2010 DS 

A. Unstandardized regression coefficients   

Social Support * * * * * * * * * 

Social Cohesion 

0.17 

(0.01) * * * * * * * * 

Poor Health 

-0.04 

(0.00) 

-0.15 

(0.01) * * * * * * * 

2006 FRI * * 

0.66 

(0.04) * * * * * * 

2006 DS 

-0.08 

(0.01) 

-0.01 

(0.00) 

0.15 

(0.01) 

0.00 

(0.00) * * * * * 

2008 FRI * * * 

0.47 

(0.03) 

1.00 

(0.19) * * * * 

2008 DS * * * 

0.00 

(0.00) 

0.91 

(0.03) * * * * 

2010 FRI * * * * * 

0.41 

(0.03) 

0.95 

(0.19) * * 

2010 DS * * * * * 

0.00 

(0.00) 

0.90 

(0.03) * * 

B. Standardized regression coefficients       

Social Support * * * * * * * * * 

Social Cohesion 0.35 * * * * * * * * 

Poor Health -0.20 -0.21 * * * * * * * 

2006 FRI * * 0.33 * * * * * * 

2006 DS -0.24 -0.05 0.62 * * * * * * 
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Independent Variables   

Dependent Variable Social Support Social Cohesion Poor Health 2006 FRI 2006 DS 2008 FRI 2008 DS 2010 FRI 2010 DS 

2008 FRI * * * 0.44 0.11 * * * * 

2008 DS * * * 0.03 0.88 * * * * 

2010 FRI * * * * * 0.41 0.11 * * 

2010 DS * * * * * 0.03 0.81 * * 

C. Correlations          

Social Support 1.00         

Social Cohesion 0.35 1.00        

Poor Health -0.20 -0.21 1.00       

2006 FRI -0.07 -0.07 0.33 1.00      

2006 DS -0.38 -0.26 0.68 0.22 1.00     

2008 FRI -0.07 -0.06 0.22 0.46 0.21 1.00    

2008 DS -0.33 -0.23 0.60 0.22 0.88 0.23 1.00   

2010 FRI -0.07 -0.05 0.16 0.21 0.18 0.44 0.20 1.00  

2010 DS -0.27 -0.19 0.49 0.17 0.72 0.17 0.28 0.22 1.00 

Note: Values in bold indicate statistically significant regression coefficients or latent variable correlations. n = 13,439. FRI = fall-related injury. DS = depressive symptoms. 
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Figure 6-2. Non-Injurious Falls and Depressive Symptoms Cross-lagged Panel Model with SEM (M1) 
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Figure 6-3. Extract of Non-Injurious Falls and Depressive Symptoms Model (M1): Structural Coefficients  
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Figure 6-4. Fall-related Injury and Depressive Symptoms Cross-lagged Panel Model with SEM (M2) 
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Figure 6-5. Extract of Fall-related Injuries (FRIs) and Depressive Symptoms Model (M2): Structural Coefficients 
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Figure 6-6. Predicted Probabilities of 2008 Non-injurious Falls (NIFs) and Fall-related Injuries (FRIs) at Different Levels of 2006 Depressive Symptoms  
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Third Research Question 

Descriptive Data: Unadjusted Results 

 In the model excluding those who died, there were 5,548 individuals 65 years and older in the 

analytic sample. Using the UCLA-RAND algorithm that identifies FRIs using ICD-9 claims diagnosis 

codes indicating a high probability of an FRI (i.e., claims with case qualification levels of 3 or 4), 103 

(1.9%) individuals experienced an FRI during the 2008 period of accrual (without having experienced 

an FRI in the prior 12 months) (Table 6-13). There were 5,445 individuals (98.1%) in the non-FRI 

cohort (i.e., those who did not experience an FRI in 2007, 2008, or the first half of 2009, as discussed 

in Chapter 5).  

 The proportion of those experiencing an FRI (“fallers”) using this identification algorithm is 

lower than the proportion self-reporting an FRI in the HRS data (which is approximately 10%). 

However, this algorithm effectively deflates the FRI rate by eliminating more frequent fallers, i.e., 

those individuals who had an FRI in both 2007 and 2008. Thus, while the 1.9% FRI rate is lower than 

an expected FRI rate of about 10%, it does not raise concerns about the validity of the data or the FRI 

identification algorithm. Additionally, this is a fairly conservative estimate of the FRI rate because 

only those claims observations indicating treatment for serious FRIs that were severe enough to require 

inpatient (i.e., ED and/or hospital) care are included. In sensitivity analyses (the results of which will 

be reported below), I present findings using other, more liberal FRI identification algorithms that 

produce higher FRI rates. For instance, there were 167 fallers (3.0% of the sample) in the analysis 

using all CQ levels (1-4) and 765 fallers (14.2% of the sample) in the analysis using both ICD-9 

diagnosis and external cause of injury codes to identify FRIs in the administrative data.  

 The average post-index costs for all 5,548 respondents in the main model were $10,172 (SD: 

$19,974), but were higher for those in the FRI cohort ($25,734, SD: $28,049) compared to the non-FRI 

cohort ($9,878, SD: $19,675). Compared to post-index costs, pre-index costs were lower overall 

($7,896, SD: $14,726), but were again higher among those in the FRI cohort ($8,661, SD: $12,776) 
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compared to the non-FRI cohort ($7,881, SD: $14,761). The difference between post- and pre-index 

costs was greater for the FRI cohort ($17,073, SD: $26,784) than for the non-FRI cohort ($1,996, SD: 

$19,801). Thus, the unadjusted difference in the difference between one-year follow-up costs and one-

year pre-index costs among the two cohorts was $17,850, meaning that between year one and year two 

of the study period, the average increase in Medicare costs among the FRI cohort individuals was 

nearly $18,000 greater than that for the non-FRI cohort. 

 In terms of sociodemographic and health characteristics, there were a few notable differences 

between those in the FRI and non-FRI cohort (6-10). Those in the FRI cohort were less likely to be 

male (29.1% compared to 41.5% of those in the non-FRI cohort). A smaller percentage of African-

Americans were in the FRI compared to the non-FRI cohort (6.8% versus 10.7%), but educational 

levels, income, and wealth were generally similar among those in the two cohorts. In terms of health 

characteristics, while eyesight and hearing scores, the average number of chronic conditions, and 

disability status were similar for those in the two cohorts, there were a number of differences with 

other health and health-related characteristics. The number of functional limitations was higher in the 

FRI compared to the non-FRI cohort (5.5 versus 4.4), while psychiatric medication use (10.7% versus 

9.4%) was more common among those in the FRI compared to the non-FRI group. For those in the FRI 

and non-FRI cohorts, the proportion of respondents having Medicaid coverage, the average area wage 

index, and the number of physicians per 10,000 older adults were similar.  

Adjusted Results from Main Model 

 In the OLS regression, controlling for a number of sociodemographic, health, and geographic 

factors, the difference in the estimated cost change differences between FRI and non-cohort individuals 

was $14,879 (95% CI: $9,748-$20,010) (Table 6-14). Aside from the number of chronic conditions, 

which was marginally associated with a $523 (95% CI: $12-$1,035) increase in costs from pre- to 

post-index for the FRI compared to non-FRI cohort, other covariates were not associated with different 

cost changes during this period.  
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Medical Cost Components 

The components of the medical costs examined above were isolated. Change scores (i.e., 

annual changes in medical costs for those with compared to those without an FRI) were estimated for 

each of the following medical costs: inpatient, outpatient (including hospital outpatient and outpatient 

physician services), skilled nursing facility, home health, durable medical equipment, and hospice. As 

indicated above, the overall (total medical cost) change score difference was $14,879 (p < 0.001). The 

change score for inpatient costs of $6,857 was significant (p < 0.001) (see Tables 6-22 and 6-23), as 

were the change scores for each of outpatient ($2,476, p < 0.001), skilled nursing facility ($4,595, p < 

0.001), and home health ($1,141, p < 0.001). Neither the durable medical equipment ($91, p = 0.30) 

nor hospice (-10, p = 0.91) change score differences were significant. 

Adjusted Results from the Model Controlling for Pre-Index Costs 

 For the model that controlled for pre-index costs in addition to sociodemographic, health, and 

geographic characteristics, the $14,831 (95% CI: $9,799-$19,863) cost difference between FRI and 

non-FRI cohort individuals over the pre- to post-index period was slightly lower than that estimated in 

the main model (Table 6-15). The coefficient for the pre-index costs in the model was -0.6 (95% CI: -

0.7 to -0.5) (p<0.001), indicating that for a $1,000 increase in pre-index costs, the changes in costs 

from pre- to post-baseline decreased by approximately $600. 

Persistently High Spending 

 A logistic regression model was used to estimate the probability of persistently high spending 

(i.e., at the 75th percentile or higher in all four, post-index quarters) (n = 5,548) (Table 6-16). The 

unadjusted proportion of individuals in the persistently high spending group was 10.9%. Adjusting for 

a number of sociodemographic, health, and geographic factors, those in the FRI cohort had a five 

percentage-point greater risk (p < 0.001) of being a persistently high spender compared to those in the 

non-FRI cohort. A number of other variables also were significantly associated with persistently high 

spending. All else equal, African-Americans and Hispanics had greater risks (marginal difference, or 
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MD = 0.03, p = 0.01 and MD = 0.11, p < 0.001, respectively) of persistently high costs compared to 

non-Hispanic Whites. Higher levels of education were also associated with greater spending over time, 

with a college education or greater associated with a four percentage-point increase (p = 0.003) in the 

risk of persistently high spending compared to a less than high school education. An additional 

functional limitation (MD = 0.01, p  <0.001) or chronic condition (MD = 0.03, p < 0.001) was also was 

associated with persistently high costs, as were use of psychiatric medications (MD = 0.02, p = 0.05), 

disability (MD = 0.03, p = 0.02), and Medicaid enrollment (MD = 0.05, p < 0.001). 

 Instead using the 95th percentile or higher as the cutoff, the FRI cohort was not associated with 

greater risk (MD = 0.01, p = 0.35) of persistently high spending compared to those in the non-FRI 

cohort (Table 6-17). Thus, compared to no FRI, having an FRI was not associated with a greater risk of 

spending at the 95th percentile or higher, but was associated with spending at the 75th percentile or 

higher for the four quarters following the index date. In this model, other predictors of persistently high 

spending were somewhat similar to the model described above in which high spending was defined as 

spending 75th percentile or above: racial/ethnic minority status and the number of chronic conditions 

were significantly associated with persistently high spending while the number of functional 

limitations was marginally associated with persistently high spending. Additionally, gender was 

associated with high spending. However, in this model, no significant associations with high spending 

were found for educational level, use of psychiatric medication, disability or Medicaid status. 

Adjusted Results from Models Including Those Who Died 

 An additional model was estimated including those who died during the period of analysis (n = 

5,630 compared to n = 5,548 in the original, main model). First, the medical costs of those who died 

both in the pre-index and post-index periods were substantially higher compared to those who did not 

die. Those who died had pre-index costs of $22,244 (SD: $27,069) compared to $7,896 (SD: $14,726) 

among those who did not die. Post-index costs were $61,622 (SD: $51,033) among those who died 
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compared to $10,172 (SD: $19,974) among those who did not die. Also, a greater percentage of those 

in the FRI cohort died (3.7%) compared to those not in the FRI cohort (1.9%). 

 In terms of adjusted results, the differential between the change in pre- and post-index costs 

among FRI compared to non-FRI cohort members was $15,511 (95% CI: $11,429-$19,594) (Table 6-

18), similar to estimates from the main model ($14,879) shown above. As shown in Table 6-19, 

similarly to the sensitivity analysis for the model excluding those who died, in a sensitivity analysis for 

this model including those who died and including pre-index costs, the cost differential changed 

slightly, to $15,382 (95% CI: $11,606-$19,158) (compared to $14,831, as shown above). 

 The risk of persistently high spending at the 75th percentile or higher did not change compared 

to the main model that excluded those who died (MP = 0.05, p < 0.001, Table 6-20). Also similar to 

the main model, there was no increase in the risk of having persistently high costs for those in the FRI 

compared to the non-FRI cohort (MD = 0.01, p = 0.37), where high costs were defined as those costs at 

the 95th percentile for each quarter following the index date (Table 6-21). 

Adjusted Results from Sensitivity Analyses 

 Below, results are presented for models using alternative FRI identification algorithms. Results 

for these alternative models are presented in the Appendix (Chapter 7). See Table 6-24 for a summary 

of cost difference estimates for models using different FRI case qualification algorithms. Note that for 

each of these alternative FRI identification algorithms, only two models were estimated: one OLS 

model and one logistic regression model, each excluding those who died and not controlling for 

baseline costs. Thus, there were an additional six models that were estimated—two for each of the 

three other FRI identification methods beyond the one used for the analyses presented above.  

 Also note that analytic samples for each of these analyses using different FRI algorithms are 

different. The analytic sample for the main model (CQ = 3 or 4) is 5,548 with 103 in the FRI cohort. 

For the model with all CQ (CQ = 1, 2, 3, or 4) is 5,504 with 167 in the FRI cohort. For the model with 

e-codes only, it is 5,518 with 53 in the FRI cohort. For the model with e-codes and ICD-9 codes, it is 
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5,522 with 794 in the FRI cohort. The difference in sample sizes across models with differing FRI 

definitions is due to the fact that different numbers of individuals were excluded in the washout period 

(i.e., the 12-month rolling period prior to first eligible FRIs in 2008).  

Models with FRIs Defined Using all Case Qualifications (CQ = 1, 2, 3, or 4) 

 The proportion of those experiencing FRIs using this more liberal FRI definition in which Case 

Qualification (CQ) levels 1-4 (i.e., those observations from least to most probable) are counted as FRIs 

results in an analytic sample with 167 individuals (3.0%) having an FRI and 5,337 individuals not 

having an FRI (97.0%). Thus, the proportion of those experiencing an FRI is greater using this FRI 

definition than when using the more conservative definition above (where only CQ levels 3 and 4 were 

identified as FRIs) (3.0% versus 1.9%), as expected. In the OLS regression model (n = 5,548), those in 

the FRI cohort had costs in the post-index compared to pre-index period that were $11,674 (95% CI: 

$7,859-$15,490) greater than those in the non-FRI cohort, after controlling for a number of 

sociodemographic, health, and geographic characteristics (Table 8-15). In terms of persistently high 

costs, when such costs were defined as those costs at the 75th percentile or greater for the four quarters 

following the index date, the marginal difference (MD) for having persistently high costs using this 

FRI identification strategy (MD = 0.08 p < 0.001) was somewhat similar to the MD using only CQ = 3 

or 4 for the FRI identification strategy (MD = 0.05, p < 0.001). (Table 8-16). The above models were 

estimated excluding those who died during the follow-up period. Because estimates for models 

including or excluding those who died were quite similar, analyses including those who died were only 

run for the models using the main FRI identification method (where CQ = 3 or 4) and not for 

sensitivity models using alternative FRI identification methods. 

Models with FRIs Defined Using Only External Cause of Injury Code Identifiers 

 Models using FRIs defined only using external cause of injury codes produced a much smaller 

FRI cohort than those produced using above definitions. There were 53 individuals (1.0%) in the FRI 

compared to 5,465 individuals in the non-FRI (99.0%) cohort, resulting in 5,518 individuals in the 



 199

analytic sample. In the OLS regression not controlling for baseline costs, the cost difference between 

FRI and non-FRI cohort individuals controlling for a number of sociodemographic, health, and 

geographic characteristics was $12,760 (95% CI: $5,022-$20,493) (p = 0.001) (Table 8-17). There was 

also evidence of greater risk of persistently high costs (at the 75th percentile or higher of costs in the 

four quarters in the post-index period) among the FRI compared to the non-FRI cohort (MD = 0.06, p 

= 0.05) (Table 8-18).  

Models with FRIs Defined Using ICD-9 and External Cause of Injury Code Identifiers 

 Models using FRIs defined only using ICD-9 and external cause of injury codes (a method used 

in several prior FRI cost studies)201,202,207 produced the largest FRI cohort, as expected. There were 794 

individuals (14.4%) in the FRI compared to 4,728 individuals in the non-FRI (85.6%) cohort, resulting 

in a total of 5,522 individuals in the analytic sample. In the OLS regression, the cost change difference 

was $8,963 (95% CI: $7,092-$10,835) (p < 0.001) (Table 8-19). The risk of persistently high costs was 

six percentage points greater among the FRI compared to the non-FRI cohort (p < 0.001) (Table 8-20).  

Summary of Findings for Cost Models 

 Several approaches were used to identify FRIs and examine medical cost differentials and the 

likelihood of persistently high medical costs (see Table 6-24). Using the main method of identifying 

FRIs, which involved the UCLA/RAND method with the case qualification (CQ) levels indicating 

inpatient treatment (CQ = 3 or 4), the cost change difference between the post- and pre-index period 

for fallers compared to non-fallers was $14,879. Using a broader definition of FRIs that includes CQ 

levels 1-4 resulted in an expected, lower, cost change difference estimate of $11,674. With the more 

traditional FRI identification method using ICD-9 external cause of injury codes,199,203,205-207,210,211 the 

cost difference estimate was $12,760. With another, less conservative FRI identification method (that 

uses both external cause of injury codes and other ICD-9 diagnoses to identify FRIs), which has been 

used in several recent studies,200-202,208 the cost change difference was $8,963. The risks of having 
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persistently high costs for the FRI compared to the non-FRI cohort were similar in each of the four 

models, ranging from 0.05 to 0.08.   

While the per-FRI costs varied depending on the method used to identify FRIs in the claims 

data, the total estimated costs also vary considerably across FRI identification methods. The total costs 

were a function of (a) the proportion of fallers in the sample and (b) the per-FRI cost. A stricter FRI 

definition (e.g., that of the second method that uses only e-codes to identify FRIs and, to an extent, the 

main method using the UCLA/RAND method with CQ = 3 or 4) resulted in higher per-FRI costs, but 

lower FRI prevalence rates. This meant that the total cost estimates for those methods using stricter 

FRI definitions resulted in higher per-FRI costs but lower total cost estimates.  

Specifically, using the main method, 1.9% of the sample were assessed as having fallen, 

resulting in total annual costs of $10.7 billion. For the method using CQ levels 1-4 (with 3.0% of 

respondents identified as having fallen), total costs were estimated at $14 billion (higher than the 

estimate using the main method because, although the per-FRI cost was slightly lower, the prevalence 

of fallers was greater). For the method using e-codes only (with very low FRI prevalence—1.0% of 

respondents identified as having fallen), total costs were estimated at $5.0 billion (thus a low total cost 

despite a high per-FRI cost). For the method using both e-codes and a broad set of ICD-9 diagnostic 

codes (with a high prevalence—14.4% of respondents identified as having fallen), total costs were 

estimated at $49.0 billion (despite the lowest per-FRI cost among all methods used to estimate costs). 

Overall Summary of Findings for Three Dissertation Studies   

First Research Question 

While there was some evidence that formal caregiving reduced NIF risk, informal caregiving 

was generally associated with moderate increases in NIF and FRI risk. Compared to no care received, 

lower levels of informal caregiving were associated with a three percentage-point increase in NIF and 

two percentage-point increase in FRI risk while higher levels of informal caregiving were associated 

with a three percentage-point increase in FRI risk. The provision of joint formal and informal care 
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trended toward an association of a four percentage-point reduction in NIF risk but was not associated 

with a change in FRI risk. In sensitivity analyses, fall risks associated with caregiving were increased 

when variables representing the physical and social environment were introduced. More generally, 

sensitivity analyses (whether using alternative caregiver variable constructions or whether including 

physical/social environmental variables or imputed data) resulted in similar model estimates of the 

association between caregiving and falls. However, contrary to the findings from the main model and 

sensitivity analyses, the use of instrumental variables that addressed endogeneity bias resulted in a 

negative association between caregiving receipt and falls—in other words, the originally hypothesized 

direction of association. Thus, the hypothesis that caregiving may be associated with reduced fall risk 

was not necessarily disconfirmed and, instead, might actually be correct. 

 Relative to risks associated with lower levels of informal caregiving, formal caregiving was 

associated with lower NIF risk. Relative to risks associated with both lower and higher levels of 

informal caregiving, formal caregiving was associated with lower FRI risk. The hypothesis that both 

informal and formal caregiving would result in decreased fall risk, with formal caregiving having a 

greater negative association with falls, was not borne out by the study findings. However, formal 

caregiving was generally associated with lower fall risks compared to informal caregiving. Among the 

cognitively impaired, caregiving was not associated with significant increases or decreases in NIF risk, 

but respondents receiving no formal and more than 20 hours of informal care and those receiving both 

formal and informal care had a lower likelihood of an FRI compared to those not receiving any care.  

 Evidence from the instrumental variables analysis suggests that endogeneity resulted in 

estimates that were biased upward toward the null, which could explain the significantly positive 

findings for the association between informal care and falls. It is possible that the original hypotheses 

regarding caregiving and falls—that care receipt is associated with decreased fall risk-- 
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Second Research Question 

 The study found that depressive symptoms are associated with future NIFs and with future 

FRIs, even after controlling for baseline health status. While the results of this model cannot be 

interpreted causally, the output suggests that, among others, depressive symptoms may be an important 

risk factor for older adults’ falls. The increase in fall risk (whether NIF or FRI risk) associated with a 

one-SD increase in depressive symptoms is sizeable—12% NIF increase (from 24.9% at the mean 

depressive symptoms level to 27.9% at the mean plus one-SD level) and 22% FRI risk increase (from 

8.6% at the mean depressive symptoms level to 10.8% at the mean plus one-SD level). As noted earlier 

in Chapter 5, however, 13% of the sample experienced increases of one SD or more (a change in the 

CES-D score of two or more). Other studies have shown that cognitive behavioral therapy can reduce 

scores on depression inventories by approximately 30-65%, which is about equal to or in some cases 

greater than one SD.292 In turn, a one-SD (or two-point CES-D) reduction in depressive symptoms 

would reduce the risk of falls by about as much as a multi-component group exercise program (relative 

risk reduction of 17%).45 

 Also of note, depressive symptomatology has a lasting association with fall risk—and, in 

particular, with FRI risk, as the longer-term (four-year) temporal association was greater in magnitude 

than the short-term (two-year) association between depressive symptoms and subsequent NIFs. For 

NIFs, the longer-term magnitude of association was slightly greater than that of the short-term 

association (standardized coefficients of 0.12 versus 0.08, respectively). Similarly, for FRIs, the 

longer-term magnitude of association was slightly greater than that of the short-term association 

(standardized coefficients of 0.14 versus 0.04, respectively). As levels of depressive symptoms 

increase among older adults, fall risk increases within the short-term (the two-year period following 

measurement of the depressive symptom levels), but also persists and actually increases over the 

longer-term (the four-year period following symptom measurement). However, falls do not have a 
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relationship with subsequent depressive symptomatology—whether depressive symptoms measured 

two or four years following a NIF or an FRI. 

Third Research Study 

I examined the annual, medical cost differences between older, community-dwelling Medicare 

fee-for-service beneficiaries with and without FRIs associated with inpatient (ED and/or hospital care). 

The study estimated that FRIs are associated with a nearly $15,000 increase in medical costs (including 

out-of-pocket beneficiary costs) for older Medicare fee-for-service beneficiaries and that high medical 

costs among those experiencing an FRI compared to those not experiencing an FRI are persistently 

high in the year following the FRI.  

 Thus, even beyond the costliness of health conditions that may result in an FRI, FRIs have 

marginal costs that substantially impact individual fallers in terms of out-of-pocket costs and the 

Medicare program. According to these estimates, 1.8% of study respondents experienced an eligible 

FRI identified in claims data for the highest intensity care setting (i.e., identified in inpatient claims 

data); with approximately 40 million non-institutionalized older adults in the U.S., this would translate 

into $10.7 billion in Medicare costs. As 3.0% of study respondents experienced an eligible FRI 

identified in claims data for inpatient or outpatient care settings, the total Medicare cost for the same 

non-institutionalized U.S. population was $14.0 billion. Similarly, using the proportion of respondents 

in the FRI cohort compared to the total eligible study population, the estimated total U.S. costs were 

$5.0 billion and $51.6 billion, respectively, using the FRI identification methods using e-codes only 

and e-codes plus a broad set of diagnostic category indicators. By comparison, spending on heart 

failure and stroke (among all Americans and not just older adults) was $34.4 and $53.9 billion, 

respectively, in 2010293 while total Medicare benefit payments for hospital and physician services and 

Part D drug spending was $520 billion in 2010294 (and $583 billion in 2013).295  

The study also found that, compared to those not experiencing FRIs, individuals experiencing 

FRIs were more likely to have persistently high costs. Referencing Bohl et al. (2010) again, as well as 
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another study by Bohl et al. (2012),202 the findings from this study reflect what has been found 

elsewhere, i.e., FRIs can result in increased costs immediately following the FRI but also persistently 

high costs for those with compared to those without FRIs.201 In those studies, the medical costs of 

admitted fallers were greater than the costs of non-admitted fallers and non-fallers for each of four 

quarters following the index date. Another study of older Medicare beneficiaries estimated that costs 

from sentinel injuries, including hip fractures, dislocations, sprains/strains, and contusions, remain 

higher than expected for over two years following injury.296 
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Table 6-13. Unadjusted Descriptive Statistics for Analytic Sample in FRI Cost Study Using Medicare (2007-9) and HRS (2008) Data 

 Overall Sample 

% /Mean (SD) 

(n = 5,548) 

FRI Cohort 

% / Mean (SD) 

(n = 103) 

Non-FRI Cohort 

% /Mean (SD) 

(n = 5,445) 

Costs ($)     

Pre-index  7,895.7 (14,726.0) 8,660.8 (12,776.2) 7,881.3 (14,761.1) 

Post-index  10,172.1 (19,974.3) 25,734.2 (28,049.0) 9,877.7 (19,675.1) 

Change score 2,276.4 (20,053.7) 17,073.5 (26,784.0) 1,996.5 (19,801.4) 

Persistently high costs 10.9 19.4 10.8 

Age 76.4 (7.1) 79.0 (7.9) 76.4 (7.0) 

Male (%) 41.6 29.1 41.9 

Race/ethnicity (%)    

White 82.1 88.4 82.0 

African-American 10.7 6.8 10.7 

Hispanic 4.3 0.0 4.4 

Other 2.9 4.9 2.8 

Education (%)    

< high school 22.2 25.2 22.2 

High school 37.1 31.1 37.3 

Some college 20.1 14.6 20.2 

College 20.6 29.1 20.4 

Income ($1,000) 54.8 (109.4) 51.9 (81.7) 54.8 (109.9) 

Wealth ($1,000) 560.6 (1,302.2) 626.4 (1,110.1) 559.3 (1,305.5) 

Eyesight (1-6) 2.9 (1.0) 2.9 (1.1) 2.9 (1.0) 

Hearing (1-5) 2.8 (1.1) 2.9 (1.1) 2.8 (1.1) 

Cognitive impairment (%) 2.5 1.9 2.5 

Number of functional limitations (0-12) 4.4 (3.1) 5.5 (3.2) 4.4 (3.1) 

Number of chronic conditions (0-6) 2.3 (1.2) 2.4 (1.2) 2.3 (1.2) 
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 Overall Sample 

% /Mean (SD) 

(n = 5,548) 

FRI Cohort 

% / Mean (SD) 

(n = 103) 

Non-FRI Cohort 

% /Mean (SD) 

(n = 5,445) 

Psychiatric medication (%) 9.4 10.7 9.4 

Disability (%) 11.8 10.7 11.8 

Medicaid (%) 9.0 7.8 9.1 

Area wage index 0.96 (0.15) 0.96 (0.15) 0.96 (0.15) 

Physicians/10,000 older adults 187.6 (140.8) 201.8 (160.1) 187.3 (140.4) 

Note: FRIs identified using case qualifications 3 and 4. 
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Table 6-14. OLS Regression Output Estimating Difference between Pre- and Post-Index Medical Costs among Older 

Adults With and Without a Fall-related Injury Not Including Those Who Died, Without Inclusion of Baseline 

Medical Costs, 2007-9 (n = 5,548) 

 β (SE)  p 

FRI cohort 14,879.2 (2,617.4) <0.001 

Age 63.2 (41.3) 0.12 

Male 335.7 (583.1) 0.57 

Race/ethnicity (reference: White)  

African-American 1,957.9 (1,168.1) 0.09 

Hispanic 1,327.8 (1,816.0) 0.47 

Other -1,452.7 (1,305.4) 0.27 

Education (reference: < high school)  

High school 87.6 (836.7) 0.92 

Some college -1,061.1 (928.0) 0.25 

College -383.7 (917.8) 0.68 

Income ($100,000) 5.8 (152.7) 0.97 

Wealth ($100,000) 12.4 (28.9) 0.67 

Eyesight  -637.1 (290.6) 0.03 

Hearing -87.8 (261.6) 0.74 

Cognitive impairment 1,513.4 (2,855.9) 0.60 

Number of functional limitations 145.8 (120.0) 0.22 

Number of chronic conditions 523.2 (260.9) 0.05 

Psychiatric medication 456.4 (1,089.0) 0.68 

Disability -117.5 (1,214.1) 0.92 

Medicaid 1,915.8 (0.16) 0.16 

Area wage index 778.9 (2,002.4) 0.70 

Physicians/10,000 older adults 0.8 (1.9) 0.68 

Note: FRIs identified using case qualifications 3 and 4. Models were estimated using robust standard errors.
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Table 6-15. OLS Regression Output Estimating Difference between Pre- and Post-Index Medical Costs among Older 

Adults With and Without a Fall-related Injury Not Including Those Who Died, With Inclusion of Baseline Medical 

Costs, 2007-9 (n = 5,548) 

 β (SE)  p 

FRI cohort 14,831.1 (2,566.6) <0.001 

Pre-baseline cost -0.6 (0.0) <0.001 

Age 84.5 (37.7) 0.03 

Male 1,539.3 (532.4) 0.004 

Race/ethnicity (reference: White)  

African-American 2,625.3 (1,063.1) 0.01 

Hispanic 3,328.0 (1,778.6) 0.06 

Other -2,183.2 (1,131.5) 0.05 

Education (reference: < high school)  

High school 807.7 (784.3) 0.30 

Some college 159.3 (854.6) 0.85 

College 1,061.1 (841.9) 0.21 

Income ($100,000) -46.4 (121.2) 0.70 

Wealth ($100,000) 17.3 (23.9) 0.47 

Eyesight  -397.3 (265.2) 0.13 

Hearing  -118.2 (243.1) 0.63 

Cognitive impairment 2,534.9 (2,713.8) 0.35 

Number of functional limitations 650.7 (108.5) <0.001 

Number of chronic conditions 1,40.8 (245.0) <0.001 

Psychiatric medication 352.1 (1,036.9) 0.73 

Disability 1,026.1 (1,132.5) 0.37 

Medicaid 3,150.4 (1,335.4) 0.02 

Area wage index 3,332.7 (1,816.9) 0.07 

Physicians/10,000 older adults 1.1 (1.8) 0.54 

Note: FRIs identified using case qualifications 3 and 4. Models were estimated using robust standard errors. 
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Table 6-16. Logistic Regression Output Estimating Odds of Persistently High Medical Costs among Older Adults 

With and Without a Fall-related Injury Not Including Those Who Died, Without Inclusion of Baseline Medical 

Costs, 2007-9 (n = 5,548) 

 Marginal 

Difference 

 

Odds Ratio (SE)  p 

FRI cohort 0.05  1.79 (0.48) 0.03 

Age 0.00  1.01 (0.01) 0.05 

Male 0.02  1.21 (0.12) 0.05 

Race/ethnicity (reference: White) 

African-American 0.03  1.41 (0.20) 0.01 

Hispanic 0.11  2.63 (0.50) <0.001 

Other -0.02  0.80 (0.23) 0.43 

Education (reference: < high school) 

High school 0.00  1.03 (0.13) 0.84 

Some college 0.02  1.23 (0.18) 0.16 

College 0.04  1.58 (0.24) 0.003 

Income ($100,000) 0.00  1.00 (0.05) 0.97 

Wealth ($100,000) 0.00  1.00 (0.00) 0.18 

Eyesight 0.00  1.07 (0.05) 0.15 

Hearing 0.00  1.00 (0.04) 0.95 

Cognitive impairment 0.03  1.35 (0.33) 0.21 

Number of functional limitations 0.01  1.18 (0.02) <0.001 

Number of chronic conditions 0.03  1.39 (0.06) <0.001 

Psychiatric medication 0.02  1.30 (0.18) 0.05 

Disability 0.03  1.38 (0.18) 0.02 

Medicaid 0.05  1.68 (0.24) <0.001 

Area wage index 0.06  1.89 (0.65) 0.06 

Physicians/10,000 older adults 0.00  1.00 (0.00) 0.68 

Note: Persistently high costs are costs in the 4th quartile among all respondents for each of the four quarters following the 
index date. Log likelihood = -1,648.89, df = 21. FRIs identified using case qualifications 3 and 4. The unadjusted baseline 
proportion of individuals with persistently high costs was 10.9%. 
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Table 6-17. Logistic Regression Output Estimating Odds of Persistently High Medical Costs among Older Adults 

With and Without a Fall-related Injury Not Including Those Who Died, Without Inclusion of Baseline Medical 

Costs, 2007-9 (n = 5,630) 

 Marginal 

Difference 

 

Odds Ratio (SE)  p 

FRI cohort 0.01  2.71 (2.85) 0.35 

Age 0.00  0.97 (0.03) 0.25 

Male 0.01  2.52 (0.94) 0.01 

Race/ethnicity (reference: White) 

African-American 0.01  3.17 (1.43) 0.01 

Hispanic 0.02  5.51 (3.01) 0.002 

Education (reference: < high school) 

High school 0.00  1.00 (0.48) 1.00 

Some college 0.00  1.80 (0.94) 0.25 

College 0.00  1.61 (0.98) 0.44 

Income ($100,000) 0.00  0.88 (0.42) 0.79 

Wealth ($100,000) 0.00  0.92 (0.06) 0.22 

Eyesight 0.00  1.04 (0.19) 0.83 

Hearing 0.00  0.95 (0.15) 0.77 

Cognitive impairment 0.01  2.22 (1.50) 0.24 

Number of functional limitations 0.00  1.10 (0.07) 0.15 

Number of chronic conditions 0.00  1.86 (0.29) <0.001 

Psychiatric medication 0.00  1.27 (0.62) 0.62 

Disability 0.00  1.24 (0.54) 0.62 

Medicaid 0.00  1.29 (0.60) 0.58 

Area wage index 0.01  4.64 (5.75) 0.22 

Physicians/10,000 older adults 0.00  1.00 (0.00) 0.55 

Note: Persistently high costs are costs at the 95th percentile or higher among all respondents for each of the four quarters 
following the index date. Log likelihood = 179.21, df = 20. FRIs identified using case qualifications 3 and 4. The Other 
race/ethnicity category was omitted. The unadjusted baseline proportion of individuals with persistently high costs was 
10.9%. 
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Table 6-18. OLS Regression Output Estimating Difference between Pre- and Post-Index Medical Costs among Older 

Adults With and Without a Fall-related Injury Including Those Who Died, Without Inclusion of Baseline Medical 

Costs, 2007-9 (n = 5,630) 

 β (SE)  p 

FRI cohort 15,511.3 (2,082.6) <0.001 

Age 97.2 (43.7) 0.03 

Male 792.5 (607.8) 0.19 

Race/ethnicity (reference: White)  

African-American 1,568.2 (976.6) 0.11 

Hispanic 1,188.2 (1,503.9) 0.43 

Other -1,766.3 (1,735.1) 0.31 

Education (reference: < high school)  

High school 340.0 (809.0) 0.67 

Some college -1,122.0 (930.2) 0.23 

College -723.5 (966.3) 0.45 

Income ($100,000) -25.4 (276.3) 0.93 

Wealth ($100,000) 12.1 (23.5) 0.61 

Eyesight -588.4 (304.0) 0.05 

Hearing -94.9 (273.3) 0.73 

Cognitive impairment 2,225.2 (1,826.0) 0.22 

Number of functional limitations 249.9 (109.9) 0.02 

Number of chronic conditions 573.4 (251.7) 0.02 

Psychiatric medication 883.2 (1,000.1) 0.38 

Disability -83.9 (980.4) 0.93 

Medicaid 1,727.4 (1,119.0) 0.12 

Area wage index 1,089.5 (2,141.8) 0.61 

Physicians/10,000 older adults 1.5 (2.2) 0.50 

Note: FRIs identified using case qualifications 3 and 4. Models were estimated using robust standard errors. 
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Table 6-19. OLS Regression Output Estimating Difference between Pre- and Post-Index Medical Costs among Older 

Adults With and Without a Fall-related Injury Including Those Who Died, With Inclusion of Baseline Medical 

Costs, 2007-9 (n = 5,630) 

 β (SE)  p 

FRI cohort 15,381.8 (1,926.0) <0.001 

Pre-baseline cost -0.6 (0.0) <0.001 

Age 116.5 (40.4) 0.004 

Male 1,985.9 (563.4) <0.001 

Race/ethnicity (reference: White)  

African-American 2,189.4 (903.4) 0.02 

Hispanic 3,294.7 (1,392.5) 0.02 

Other -2,500.5 (1,604.9) 0.12 

Education (reference: < high school)  

High school 1,024.3 (748.5) 0.17 

Some college 58.6 (861.2) 0.95 

College 742.2 (895.0) 0.41 

Income ($100,000) -78.1 (255.5) 0.76 

Wealth ($100,000) 17.6 (21.7) 0.42 

Eyesight -350.1 (281.2) 0.21 

Hearing -124.2 (252.7) 0.62 

Cognitive impairment 3,676.1 (1,689.3) 0.03 

Number of functional limitations 750.1 (102.9) <0.001 

Number of chronic conditions 1,535.2 (234.8) <0.001 

Psychiatric medication 753.7 (925.0) 0.42 

Disability 993.7 (907.4) 0.27 

Medicaid 3,086.2 (1,982.5) 0.07 

Area wage index 3,606.2 (1,982.5) 0.07 

Physicians/10,000 older adults 1.7 (2.1) 0.41 

Note: FRIs identified using case qualifications 3 and 4. Models were estimated using robust standard errors. 
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Table 6-20. Logistic Regression Output Estimating Odds of Persistently High Medical Costs among Older Adults 

With and Without a Fall-related Injury Including Those Who Died, Without Inclusion of Baseline Medical Costs, 

2007-9 (n = 5,658) 

 Marginal 

Difference 

 

Odds Ratio (SE) a p 

FRI cohort 0.05  1.78 (0.47) 0.03 

Age 0.00  1.01 (0.01) 0.03 

Male 0.02  1.22 (0.12) 0.04 

Race/ethnicity (reference: White)  

African-American 0.03  1.42 (0.20) 0.01 

Hispanic 0.11  2.62 (0.49) <0.001 

Other -0.02  0.81 (0.23) 0.45 

Education (reference: < high school)  

High school 0.00  1.04 (0.13) 0.77 

Some college 0.02  1.24 (0.18) 0.14 

College 0.04  1.59 (0.24) 0.002 

Income ($100,000) 0.00  1.00 (0.00) 0.98 

Wealth ($100,000) 0.00  1.00 (0.00) 0.21 

Eyesight 0.01  1.08 (0.05) 0.10 

Hearing 0.00  0.99 (0.04) 0.79 

Cognitive impairment 0.03  1.38 (0.32) 0.16 

Number of functional limitations 0.01  1.18 (0.02) <0.001 

Number of chronic conditions 0.03  1.39 (0.05) <0.001 

Psychiatric medication 0.02  1.26 (0.17) 0.09 

Disability 0.03  1.35 (0.18) 0.02 

Medicaid 0.05  1.65 (0.24) <0.001 

Area wage index 0.05  1.78 (0.60) 0.09 

Physicians/10,000 older adults 0.00  1.00 (0.02) 0.84 

Note: Persistently high costs are costs in the 4th quartile among all respondents for each of the four quarters following the 
index date. Log likelihood = -1,696.34, df = 21. FRIs identified using case qualifications 3 and 4. The unadjusted baseline 
proportion of individuals with persistently high costs was 10.9%. 
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Table 6-21 Logistic Regression Output Estimating Odds of Persistently High Medical Costs among Older Adults 

With and Without a Fall-related Injury Including Those Who Died, Without Inclusion of Baseline Medical Costs, 

2007-9 (n = 5,496) 

 Marginal 

Difference 

 

Odds Ratio (SE) a p 

FRI cohort 0.01  2.59 (2.72) 0.37 

Age 0.00  0.97 (0.03) 0.30 

Male 0.01  2.56 (0.95) 0.01 

Race/ethnicity (reference: White)  

African-American 0.01  3.12 (1.38) 0.01 

Hispanic 0.02  5.12 (2.74) 0.002 

Education (reference: < high school)  

High school 0.00  0.90 (0.43) 0.82 

Some college 0.00  1.63 (0.82) 0.33 

College 0.00  .45 (0.87) 0.54 

Income ($100,000) 0.00  1.00 (0.00) 0.79 

Wealth ($100,000) 0.00  1.00 (0.00) 0.19 

Eyesight 0.00  1.02 (0.18) 0.93 

Hearing 0.00  0.98 (0.16) 0.89 

Cognitive impairment 0.01  2.03 (1.36) 0.29 

Number of functional limitations 0.00  1.09 (0.07) 0.17 

Number of chronic conditions 0.00  1.84 (0.28) <0.001 

Psychiatric medication 0.00  1.51 (0.70) 0.38 

Disability 0.00  1.18 (0.51) 0.70 

Medicaid 0.00  1.26 (0.59) 0.62 

Area wage index 0.01  4.57 (5.64) 0.22 

Physicians/10,000 older adults 0.00  1.00 (0.00) 0.51 

Note: Persistently high costs are costs at the 95th percentile or higher among all respondents for each of the four quarters 
following the index date. Log likelihood = -184.22 df = 20. FRIs identified using case qualifications 3 and 4. The “other” 
race/ethnicity category was omitted from the model. The unadjusted baseline proportion of individuals with persistently 
high costs was 10.9%. 
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Table 6-22. OLS Regression Output Estimating Difference between Pre- and Post-Index Medical Cost Components 

among Older Adults With and Without a Fall-related Injury Including Those Who Died, Without Inclusion of 

Baseline Medical Costs, 2007-9 (n = 5,548) 

  OLS Regression  

Medical Cost Components  β (SE)  p  

Total  14,879.2 (2,617.4) <0.001  

Inpatient  6,856.6 (1,234.1) <0.001  

Outpatient/carrier  2,475.5 (618.4) <0.001  

Skilled nursing facility  4,594.7 (1,2347.2) <0.001  

Home health  1,141.2 (398.9) 0.004  

Durable medical equipment  90.9 (88.3) 0.30  

Hospice  -9.7 (8.7) 0.91  

Note: FRIs identified using case qualifications 3 and 4. Models were estimated using robust standard errors. 
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Table 6-23. Pre- and Post-Index and Change in Medical Cost Components among Older Adults With and Without a Fall-related Injury Including Those Who 

Died, Without Inclusion of Baseline Medical Costs, 2007-9 (n = 5,539) 

  Total  FRI Cohort  Non-FRI Cohort    

Medical Cost Components  Pre-
Score 

Post-
Score 

Change 
Score 

 Pre-
Score 

Post-
Score 

Change 
Score 

 Pre-
Score 

Post-
Score 

Change 
Score 

   

Total  7,895.7 10,172.1 2,276.4  8,660.8 25,734.2 17,073.5  7,732.7 9,670.7 1,938.1    

Inpatient  2,670.6 3,306.5 635.9  2,504.0 9,574.6 7,070.6  2,673.8 3,188.0 514.2    

Outpatient/carrier  4,095.7 4,981.1 885.3  4,590.7 7,848.9 3,258.3  4,086.4 4,926.8 840.4    

Skilled nursing facility  296.0 713.6 417.6  833.7 5,951.1 5,117.4  285.8 614.5 328.7    

Home health  486.6 704.5 217.8  486.5 1,864.1 1,377.6  486.6 682.5 195.9    

Durable medical equipment  323.0 385.2 62.2  245.9 414.2 168.4  324.5 384.7 60.2    

Hospice  23.7 81.3 57.6  0.0 81.3 81.3  24.2 81.3 57.1    
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Table 6-24. Comparison of Coefficients of OLS and Logistic Regression Models Estimating Difference between Pre- and Post-Index Medical Costs and 

Persistently High Medical Costs among Older Adults With and Without a Fall-related Injury Not Including Those Who Died, Without Inclusion of Baseline 

Medical Costs, 2007-9  

  OLS Regression  Logistic Regression 

 β (SE)  95% CI p  MD (SE)  p 

CQ = 3 or 4a 14,879.2 (2,617.4) 9,748-20,010 <0.001  0.05 (0.02) 0.03 

CQ = 1-4b 11,674.1 (1,946.2) 7,859-15,490 <0.001  0.08 (0.02) <0.001 

ICD-9 e-codes onlyc 12,759.8 (3,944.2) 5,022-20,493 0.001  0.06 (0.03) 0.05 

ICD-9 diagnostic and e-codesd 8,962.8 (955.2) 7,092-10,835 <0.001  0.06 (0.01) <0.001 

Note: MD = marginal difference. Marginal Differences for persistently high costs are for costs in the 4th quartile among all respondents for each of the four quarters 
following the index date. FRIs identified using case qualifications 3 and 4. OLS models were estimated using robust standard errors. 
a n = 5,548, b n = 5,504, c n = 5,518, d n = 5,522.  
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Table 6-25. Study Hypotheses and Results 

Hypothesis Result 

H1.1. Higher levels of formal and informal caregiving assistance received 
by older adults in the past two years will be associated with lower NIF and 
FRI risk 

While higher levels of joint formal and informal caregiving are marginally associated 
with a decrease in NIF risk and are not associated with FRI risk, higher levels of informal 
caregiving are generally associated with increases in NIF and FRI risk. 

H1.2:  Relative to informal, family caregivers, formal caregivers providing 
assistance to respondents will be more likely to reduce older individuals’ 
fall risks. 

Joint formal and informal caregiving generally appeared to be associated with reduced 
fall risk relative to informal caregiving only. 

H1.3: The association of level of caregiving with lower fall risk among 
older adults will be greater for the cognitively impaired than for the non-
cognitively impaired.    

The results generally supported a reduction in FRI risk associated with caregiving among 
the cognitively impaired while there were increases in NIF and FRI risk associated with 
informal caregiving among the non-cognitively impaired. 

H2.1: NIFs and FRIs will be associated with shorter (two-year) increases in 
depressive symptoms among older adults. 

Neither NIFs nor FRIs were associated with later increases in depressive symptoms 
among respondents. 

H2.1a: Subsequent increases in depressive symptoms will be greater among 
older adults experiencing FRIs than those experiencing NIFs. 

Neither NIFs nor FRIs were associated with later increases in depressive symptoms 
among respondents so there was no difference in subsequent depressive symptoms for 
those experiencing FRIs compared to those experiencing NIFs. 

H2.2: Older adults experiencing NIFs/FRIs will experience a longer-term 
(four-year) increase in depressive symptoms. 

Neither NIFs nor FRIs were associated with later increases in depressive symptoms 
among respondents. 

H2.2a: Longer-term increases in depressive symptoms will be greater 
among older adults experiencing FRIs than those experiencing NIFs. 

Neither NIFs nor FRIs were associated with later increases in depressive symptoms 
among respondents. 

H2.2b: Increases in depressive symptoms four years following an FRI or 
NIF will be less than increases in depressive symptoms two years following 
an FRI or NIF. 

Neither NIFs nor FRIs were associated with later increases in depressive symptoms 
among respondents. 

H2.3: Increased depressive symptoms among older adults will be associated 
with subsequent (two- and four-year) increased fall risks. 

An increase in depressive symptoms was associated with shorter-term increased NIF and 
FRI risks. 

H2.3a: Longer-term (four-year) increases in fall risk associated with 
depressive symptoms will be greater than shorter-term (two-year) increases 
in fall risk associated with depressive symptoms. 

An increase in depressive symptoms was associated with longer-term increased NIF and 
FRI risks. 

H3.1: Compared to other older adults, older adults experiencing FRIs will 
have greater increases in annual Medicare Part A and B expenditures. 

Those in the FRI compared to the non-FRI cohort had greater one-year increases in 
medical costs. 

H3.2: Compared to non-fallers, older adults experiencing FRIs will be more 
likely to have “persistently high” Medicare Part A and B utilization and 
expenditures. 

Those in the FRI compared to the non-FRI cohort were more likely to have persistently 
higher costs over the four quarters following the index date. 
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Chapter 7: Discussion 

This dissertation examined risk predictors and outcomes associated with different types 

of falls among the older population. With three specific research questions exploring factors 

associated with non-injurious falls (NIFs) and fall-related injuries (FRIs) among older adults, my 

dissertation aimed to impact falls risk assessment and prevention as well as inform Medicare 

policy. For a summary of the three study’s hypotheses and results, see Table 6-25 in Chapter 6. 

Overview of Findings 

For the first study question, study results did not support the study’s first hypothesis, 

H1.1, which stated that both informal and formal caregiving would reduce fall risk. However, the 

results generally supported H1.2, which stated that compared to informal caregiving, formal 

caregiving would be associated with greater reductions in falls risks. The results also generally 

supported H1.3, which stated that the association of caregiving with reduced fall risk would be 

greater for the cognitively impaired than for the non-cognitively impaired. Among the 

cognitively impaired, lower levels of informal caregiving and joint receipt of formal and 

informal caregiving were associated with decreases in FRI risk, while none of the informal or 

formal caregiving categories were associated with NIF risk. By comparison, among the non-

impaired, informal care was generally associated with increases in both types of fall risk while 

formal caregiving was not associated with fall risk. Of note, however, using the instrumental 

variables estimation approach, the sign of the coefficients on the caregiving variables for all 

respondents and for the stratified analysis with only cognitively impaired respondents was 

reversed—thus it seems likely that the unexpected positive associations are due to endogeneity 

bias. 
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 For the second research question, the findings were generally unsupportive of the a-priori 

hypotheses. Neither NIFs nor FRIs were associated with later increases in depressive symptoms 

among respondents; therefore, none of H2.1 and H2.2 or their related hypotheses was confirmed. 

Similarly, because there was no observable increase in either short-term or long-term risk of 

depressive symptoms among those experiencing compared to those not experiencing a fall, there 

were no notable differences in short- or longer-term risks (H2.2b). However, in support of H2.3, 

an increase in depressive symptoms was associated with shorter- and longer-term increased NIF 

and FRI risks. Longer-term increases in both NIF and FRI risk were greater than short-term risk 

increases, as hypothesized in H2.3a.  

For the third research question, using the main FRI identification method the study found 

that individuals experiencing an FRI had approximately $25,734 in medical costs in the year 

following an FRI and that FRIs were associated with an increase in medical costs of $14,879 

(with a range of approximately $9,000 to approximately $15,000, depending on the FRI 

identification method used). The increased costs were primarily associated with inpatient, SNF, 

outpatient/carrier, and home health service components. The results supported the study’s 

hypotheses that those in the FRI compared to the non-FRI cohort would have higher one-year 

increases in medical costs (H3.1) and that they would be more likely to have persistently higher 

costs (H3.2). 

For a comparison of the three study findings to earlier findings in the literature, please see 

the Appendix (in Chapter 7). 

Conceptual Implications of the Studies 

 The first study’s results suggest that informal caregivers do not help recipients adapt to 

their environment to prevent fall risk. Informal caregivers (even providing social support, home 
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modifications, or instrumental support affecting the recipient’s health status) may not help care 

recipients adapt to their environment, increasing recipients’ fall risk relative to individuals not 

receiving any caregiving. Issues with recipient adaptation to the environment may involve errors 

of omission or commission. Informal caregivers may overly challenge, or overstimulate, care 

recipients. For instance, caregivers may push the care recipient to engage in exercise43 in the 

belief that this will improve the fitness of the recipient given that physical inactivity can lead to 

poorer physical health status and increase fall risk.31-34 To the contrary, such engagement in 

exercise can generate increased opportunities for falls.30 The caregiver may bring the recipient to 

social engagements34,115,116 with the thought that engagement will emotionally stimulate the 

recipient or push the recipient to act independently in the home. Again, however, increased 

engagement provides greater opportunity for a fall. Since certain informal caregivers such as a 

spouse may, like the care recipient, have declining health, the caregiver may also ask for support 

from the recipient, which again increases fall opportunities.  

 Unlike informal caregiving, formal caregiving appears to be associated with fall risk 

reduction (or relative risk reduction compared to informal care). There are four potential 

explanations for why formal caregivers, as opposed to informal caregivers, are associated with a 

reduction in fall risk among older care recipients. First, formal caregivers may generally have 

better technical competence and knowledge, communication skills, and greater objectivity when 

dealing with care recipients.131 For instance, formal caregivers may instruct recipients in the 

proper use of assistive and lifting devices, medications, home safety equipment, or avoidance of 

falls risks such as walking on slippery surfaces or walking in unlit spaces or on shag carpeting.131 

Formal caregivers may also have more education regarding falls risk and prevention 

interventions. When observing risks in the home environment, these caregivers may be better 
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prepared to suggest risk reduction strategies because they have been in a number of homes and 

already observed falls and thus are more attuned to falls risks and their consequences. 

 Second, compared to informal caregivers, formal caregivers may have more success in 

communicating risks to care recipients. Better communication may lead to more compliant 

behavior by care recipients. As noted above, older adults at risk for falls may resist 

acknowledging fall risks for fear of losing autonomy or because they overestimate their ability to 

avoid falls102,105,110,297,298 or attribute prior falls to risk or circumstances not having to do with 

their own health or activities.102,105,110,297 Some of these responses have been termed “illusory” in 

nature1 in that they ignore real risks and suggest lack of self-awareness. Compared to informal 

caregivers, formal caregivers may better assess actual risk and communicate this risk to care 

recipients. When recipients ignore risk, they may fail to restrict the scope of their activities to 

levels consistent with their physical and cognitive abilities. To do so may mean recognizing their 

“failure” to function safely and independently—something potentially more difficult to face in 

front of a family member compared to a formal caregiver. 

 Third, informal caregivers are burdened by caregiving and may have less success 

objectively addressing falls risks. Caregiving can be emotionally taxing110,124,125,128,135 and the 

stress of falls by care recipients can take a toll on the caregiver. Since older adults often have 

multiple falls, the cumulative stress of falls may lead to caregivers’ loss of ability to objectively 

assess risks. Comparatively, formal caregivers do not always spend as much time with care 

recipients and may be less emotionally close to the recipient, with a more technically oriented 

and less emotionally engaged in their approach to the care recipient.131 Because of this, they may 

be less burdened by caregiving compared to informal caregivers, enabling them to better manage 

care recipient risks. Moreover, formal caregivers may assist informal caregivers not just with 
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instrumental activities (getting work done and giving hints and recommendations) but in large 

part with emotional support (providing a sense of security, affirmation, and sharing in the caring 

experience),131 thus alleviating informal caregivers’ strain,133 with potential implications for 

managing fall and other care recipient risks. It has been shown, for instance, that formal personal 

care services affect the relationship between care recipient health behaviors and informal 

caregiver health.133,299 

 Because formal caregivers may be less emotionally involved with the care recipient, they 

may have more objectivity in terms of assessing care recipient needs. Qualitative interviews have 

noted that informal family caregivers feel emotionally alone and lost in providing care and may 

turn to formal caregivers for support with both instrumental needs for the care recipient but also 

for emotional support.131 Where an informal caregiver may encourage greater levels of exercise 

and social activity for a care recipient, the formal caregiver may limit activities creating 

opportunities for falls. Potentially, the levels of burden experienced by informal caregivers 

affects the amount of social support they can provide. Nonetheless, even controlling for social 

support, formal caregivers reduce fall risk whereas informal caregivers do not reduce fall risk, 

suggesting that other factors beyond social support these differences. 

 Caregivers can also be overprotective in their relationships with care recipients, resulting 

in passiveness in care recipients,300 with implications for fall risk since the care recipient may not 

actively manage his/her own health and/or health behavior well. Such overprotectiveness may be 

more present in informal compared to formal caregiving, as formal caregivers may be less 

willing to protect care recipients’ self-esteem and more willing to point out the recipients’ 

limitations.  
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 The above three explanations—that greater technical skill, communication, and lower 

emotional burden can help explain differences in falls risks associated with formal compared to 

informal caregiving—merits some skepticism, however. Surveys of direct care workers do not 

describe a highly trained, educated, or emotionally unburdened workforce. Direct care workers, 

including nursing assistants, home health aides, and personal care aides, number three to four 

million persons301 and experience high job turnover.302-305 Many work part-time, have modest 

incomes, live in poverty, do not have health insurance, and/or rely on public benefits.302,303 

Informal caregivers typically have incomes similar to non-caregivers and higher than formal 

caregivers.306 Such low-wage jobs are not highly skilled positions and there is no evidence that, 

outside of nursing homes, formal caregivers are trained to prevent falls or assess falls risks in 

older adults. 

 Even so, formal caregivers may have greater success with falls prevention than informal 

caregivers. Beyond explanations listed above, some of the difference in success may be due to 

greater ability compared to informal caregivers to physically manage older adults with disability 

or chronic illness (such as in transfers and getting up out of chairs). Formal caregivers are 

typically young while informal caregivers include spouses who are often older and in poor health 

themselves.307 It may be physically difficult for informal caregivers to engage in such activities. 

Moreover, even though informal caregivers may in many cases be more highly educated than 

formal caregivers, formal caregivers undoubtedly have more experience with transfers and other 

types of assistance for fall-prone care recipients. Also, despite lack of training, formal caregivers 

may be more adept in the type of care they provide—by being less emotionally protective of the 

recipient.   
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 An additional possible explanation for why informal caregiving is associated with 

increased fall injury risk in particular is that informal caregivers take care recipients to the doctor 

after a fall injury to make sure that the recipient’s injury is assessed and treated if necessary. This 

could result in higher rates of identifying FRIs, as opposed to higher rates of actual FRIs among 

those receiving care. 

 The study also observed a caregiver-falls relationship among individuals who were 

cognitively impaired. This finding is unsurprising given serious limitations of those with such 

impairment: as measured in this study, low cognitive status involved difficulty with things like 

adding sevens to numbers, backwards counting, and naming objects.244 Additionally, cognitive 

impairment is a known risk factor for falls,31,33,35 as it is likely related to difficulties with 

executive functioning, which in turn is associated with reflex speed and the ability to do more 

than one activity at the same time (such as walking and talking).308  

 The finding of risk reduction for joint formal and informal care has interesting 

implications for the other study findings involving all respondents (i.e., the models discussed 

above that include both the cognitively and non-cognitively impaired respondents) The 

dissertation has termed the pathway through which caregiver support is associated with falls as 

“adaptation,” or the ability to match physical competencies with environmental demands. 

Cognitively impaired individuals have lower competency and thus less ability to meet 

environmental demands. They are also less likely to understand falls prevention suggestions 

from caregivers.  

 In turn, caregivers may compel cognitively impaired older individuals to comply with 

instructions and offer less leeway to care recipients in terms of making choices about activities. 

Communication strategies are also less relevant in terms of falls prevention with respect to the 
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cognitively impaired care recipient population. However, it could be that the results were due to 

the fact that cognitively impaired respondents more commonly had proxies when responding to 

the HRS survey questions and that the nature and magnitude of the omitted variable bias could 

be different for the impaired and non-impaired respondents. 

 In sum, joint formal and informal caregiving is associated with reduced FRI risk among 

the cognitively impaired, but only formal caregiving is associated with reduced fall risk in the 

general older adult population. This suggests that in non-impaired populations, both 

communication strategies and the ability to restrict risky behaviors (among more autonomous 

non-impaired individuals) are important in falls prevention. Compared to informal caregivers, 

formal caregivers may better communicate to and compel older care recipients to restrict fall risk 

behaviors. 

 For the second study, it is unsurprising that there is a significant relationship between 

depressive symptoms and falls over time. There are strong links between physical health, 

including disability, and depressive symptomatology.79,169,170,309 Fall risk is associated with 

physical health decline and problems with cognitive functioning that may reflect executive 

functioning difficulty,39-41,194 which is in turn associated with depressive symptomatology.310,311 

Executive functioning can impact the ability to dual task—such as adequately processing 

information while walking and talking at the same time—and so can result in gait and balance 

problems that cause falls or affect the ability to quickly recover from a slip or trip incident. 

Depressed individuals may also have less energy and focus when performing tasks and so are 

likelier to fall compared to other individuals.121 Individuals who fear having a fall also be 

depressed—115,116 nearly four in ten hospitalized fallers afraid of falling also had depressive 

disorder compared to four percent of those not afraid of falling—119 with fear of falling also 
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putting them at greater risk for falls.115,182-184 There are also strong links between psychiatric 

medication and other medication use and fall risks, which might explain the study findings. 

 The study did not observe significant relationships between falls and subsequent 

depressive symptomatology. This non-finding was evident with respect to both NIFs and FRIs. 

Though there are few studies that examined this relationship, the present study’s results conflict 

with findings from a study examining older adults experiencing FRIs, in which depression did 

not increase in the five months following the FRI but gradually increased between five months 

and one year.181 

 It was hypothesized that depressive symptomatology could result from major life 

events,6,52,165,195,196 with FRIs (if not some NIFs) qualifying as such events for older individuals. 

It seemed likely, given prior evidence, that rehabilitation from a fall (particularly an FRI) would 

result in withdrawal from physical and social activities for at least a short period of time, which 

could create tension and emotional distress. There are several potential explanations for why this 

was not the case. Continuity theory suggests that individuals can maintain their feelings of self-

worth even after a major event.221 Individuals may have personal resources (such as self-mastery, 

or the ability to resolve stress) or economic resources that enable them to recover from difficult 

life events.168,188,312  

 A second, related, explanation is that, with rehabilitation older individuals can recover 

from NIFs and FRIs. An older faller may experience several months of social isolation or a 

reduction in interactions with others as well as less physical activity; yet, the individual may 

return to full activity following a period of withdrawal. That is, there may be a temporary, 

measurable reduction in well-being or an increase in depressive symptoms following a NIF or 
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FRI that is reversed over time. As this study measured outcomes in two-year increments, the 

study is not capable of observing such temporary increases in depressive symptoms.  

 It is also possible that those individuals who experience an FRI end up in institutional 

care and are not surveyed again in a subsequent survey wave, which could bias the results toward 

the null. If that were the case, however, one might expect to have a similar bias toward the null 

with the depressive symptoms—falls relationship, with depressed individuals likely to have a 

number of physical ailments that increase the risk of institutionalization and thus survey dropout 

(leaving respondents that are less depressed and thus reducing the association between 

depressive symptoms and falls).  

 Presuming that the model did adequately control for risk factors and did not have 

substantial systematic bias, it appears that, whether or not there is a temporary, unmeasured 

increase in depressive symptoms, falls were not associated with later depressive 

symptomatology. This is perhaps an encouraging finding, suggesting that older adults are 

resilient and able to cope with these events.  

 For the third study, both the initial, high pre-index costs, as well as the continued high 

medical costs amongst those in the FRI cohort are unsurprising. As noted in Chapter 2, NIFs and 

FRIs often lead to a decline in functional independence and other measures of health among 

older adults,17-19 with those hospitalized for an FRI commonly requiring institutionalization for 

long-term care.18,24,27 Even prior to experiencing an FRI, compared to those in the non-FRI 

cohort, those in the FRI cohort had worse functional status scores (scores from 0-12 based on 

one point for difficulty with each of 12 functional limitations, including walking one block, 

walking several blocks, jogging one mile, sitting for two hours, getting up from a chair, and 

climbing stairs), a greater likelihood of being disabled (i.e., a higher probability of having 
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received Supplemental Security Income or Social Security Disability Insurance), and higher 

medical costs. This reinforces the idea that falls are symptoms of a broader phenomenon 

involving the “geriatric syndrome,” a general decline in health across multiple bodily systems.90-

92 The syndrome can involve progressive decay in sensorimotor and central processing, joint 

deterioration, muscle loss, and visual and vestibular systems.93-95 As noted in Chapter 2, falls are 

also associated with gait and mobility difficulties, postural control, and difficulties with activities 

of daily living (i.e., bathing, dressing, eating, getting out of bed, and walking across a room),33-

36,43 findings that receive support in this study’s unadjusted descriptive statistics. To some, these 

limitations in activities of daily living or other physical limitations indicate disability,173,313 while 

for others, the disability means “the expression of a physical or a mental limitation in a social 

context”220 (p. 728). (The second definition suggests that a person considered disabled because 

of physical limitations may not be disabled if s(he) can perform socially defined roles or tasks, 

such as work or family roles.) If using the first definition of disability (indicating physical 

limitations regardless of social context), the above-mentioned physical health difficulties are 

costly, as a 2009 report found that more than one-quarter of all U.S. adult health care costs were 

associated with persons with disability.314  

Falls do not merely reflect costly preexisting conditions of fallers, but also result in 

continuing high expenditures. In this study, an incident FRI increased the already relatively 

higher medical costs for this group of individuals and these higher costs were sustained over 

time. The findings from this study reflect what has been found elsewhere, i.e., FRIs can result in 

increased costs immediately following the FRI but also persistently high costs for those with 

compared to those without FRIs.201,202 In those studies, the medical costs of admitted fallers were 

greater than the costs of non-admitted fallers and non-fallers for each of four quarters following 
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the index date. Another study of older Medicare beneficiaries estimated that costs from sentinel 

injuries, including hip fractures, dislocations, sprains/strains, and contusions, remain higher than 

expected for over two years following injury.296  

The present study’s cost were found to be due to acute care treatment as well as treatment 

associated with further limitations in function for fallers, including costly institutionalization—

with 44% of increased costs due to inpatient spending and 31% due to skilled nursing facility 

(SNF) spending (an additional 17% and 8% of the increased spending following an FRI was due 

to outpatient/carrier and home health spending, respectively). As has been shown in prior 

studies,201,202,296 inpatient costs account for the majority of medical costs following an FRI, but 

additional expenditures arise due to continuing outpatient and physician services, SNF, home 

health, and hospice costs. Carter and Porell (2011)296 found that, following sentinel injuries 

(unintentional injuries with serious health consequences), inpatient hospital costs increased by 

707% and physician services costs increased by 250%; moreover, SNF costs increased by 

1,993%, while home health and hospice costs increased by 405% and 334%, respectively. The 

study findings do not mean that increased costs would not have occurred absent the FRI, as the 

fall may have been a symptom of broader health problems not measured in the analysis. 

However, given the design of the study—where costs of individuals with and without FRIs were 

compared pre- and post-index and to one another—it is likely that FRIs contributed to a large 

portion of the increased costs following the index event. 

In terms of the FRI identification algorithms, the study showed that different claims-

based approaches to assessing whether respondents have fallen result in variation in both per-FRI 

and total FRI-related cost estimates. The main method used in the analysis resulted in the highest 

per-FRI estimates (which is unsurprising given that it only included inpatient—that is, both 
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hospital and ED-based—services to identify FRIs while other identification method used both 

inpatient and outpatient services or a set of diagnostic codes that included less serious injuries). 

However, only a small proportion of respondents were assessed as having fallen using this main 

method—while with several other methods the proportion of fallers was greater (and in the case 

of one method, substantially greater). Thus, more lenient algorithms in terms of identifying FRIs 

have lower per-FRI but higher total FRI-related costs. Of note, the per-FRI costs (and thus the 

total annual FRI-related cost estimates) might be higher than estimated in this study given that 

individuals with prior FRIs (i.e., FRIs in the rolling 12-month washout period prior to an eligible 

first FRI) were not included in the analysis.    

Summary of Limitations 

First Research Study 

 The dissertation’s studies had a number of strengths and weaknesses. Study strengths are 

discussed in the Appendix (Chapter 7) while limitations are discussed below. In the first study, a 

potential explanation for differences in fall risk by caregiving type is endogeneity not controlled 

for in the model. It is likely that individuals with (unobservably) more severe health problems 

more commonly receive formal (and/or informal) care, but at the same time, have a greater 

chance of falling. Thus, there may be selection effects in terms of which individuals have access 

to or require the services of caregivers. Selection effects can result in biased estimates. For 

example, the negative associations with formal care could be even larger than what was 

estimated in this study; additionally, this bias could account for the positive associations with 

informal caregiving. 

 At the same time, sicker or more disabled individuals are less likely to engage in physical 

activity—that is, they may be more sedentary than healthier individuals. Because of this, 



 232

individuals using formal care may be more sedentary and thus have fewer opportunities for falls 

compared to healthier individuals using informal care. In other words, the quality of falls 

prevention between informal and formal caregivers may not differ so much as the falls 

opportunities of care recipients with these two types of caregivers. The study was not able to 

measure the levels of activity (whether physical exercise or the amount of time spent in the home 

relative to outside the home) among care recipients. To an extent, health covariates used in the 

model should proxy for activity levels. But to the degree that activity levels are unmeasured by 

the health status predictor variables, it may be that formal care reduces risk of falls simply 

because formal care recipients are more sedentary than informal care recipients. 

I also cannot assume that reporting of caregiver or environmental characteristics of the 

home is accurate. My data do not allow me to determine the length of time a respondent received 

assistance from a caregiver during a given survey wave. It may be the case that some 

respondents receive assistance during the entire two-year period while others receive help for 

limited periods of time based on health status.  

More generally, my definition of falls (and FRIs) is broad because I do not use a precise 

definition of a fall; rather, respondents determine for themselves what constitutes a fall. (That is, 

survey respondents were simply asked “Have you fallen in the past two years?” whereas others 

identifying falls among respondents have used a more precise definitions, such as defining a fall 

as “an event which results in a person coming to rest unintentionally on the ground or lower 

level, not as a result of a major intrinsic event (such as a stroke) or overwhelming hazard.”31,33 

Because survey respondents defined falls for themselves, they may have applied broader criteria 

for falls than studies using more specific falls definitions. For instance, respondents could 

possibly count a stumble or trip or slip as a fall (events that would not count as a fall in 
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definitions such as the one referenced just above). Or, they may count events in which they were 

pushed by someone else or hit by an object while engaged in an athletic activity as falls, even 

though those events could alternatively be construed as events that are intentional (as opposed to 

unintentional) falls. 

However, in studies involving prediction of falls, broader falls definitions may be 

preferable to more restricted definitions.315 Nonetheless, there remain notable issues of accuracy 

associated with self-reporting of falls.315 Because falls are fairly common among community-

dwelling older adults, the amount of bias due to underestimation of their frequency may not be as 

great as for a less common injury or disease.315 While, to an extent, the “broader” definition of 

falls (or, more accurately, the lack of a definition of a fall in the HRS) may result in poor 

specificity, (i.e., false positives resulting in an overcount of falls), the self-reporting may result in 

an undercount of falls. Other surveys using falls calendars or observations of nursing home staff 

of falls in nursing homes are more likely to have a high sensitivity, whereas self-reports of falls 

can result in lower sensitivity because older individuals may forget falls that occurred during the 

past two-year period asked about in the HRS. If anything, this study should provide conservative 

estimates of fall/FRI risks. 

 A caveat to the methodological approach in interpreting the first study findings is that the 

caregiver variables may actually measure instrumental and personal care services. As noted in 

Chapter 4, the predictor variables in the study’s models are lagged, meaning they reflect 

respondent characteristics measured two years prior to the outcome variable—falls. The use of 

lagged variables was intended to avoid a problem of endogeneity, (i.e., where respondents 

received care due to a prior fall). The use of lagged predictor variables means that caregiver 

effects on physical and emotional health (or medication use) are not measured in the time period 
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in which falls are measured. It could be the case that care recipients’ health or medication use 

improved in the period in which falls are measured due to the presence of a caregiver—yet, the 

model would not account for this possibility. That means that, while the study’s measured 

associations should largely reflect caregivers helping recipients adapt to the environment, the 

model may pick up some associations from the other three pathways described above. If 

anything, however, this would likely bias the model estimates (of associations between 

caregiving and falls to zero rather than overestimate results. With these guidelines in mind, the 

study results are interpreted and discussed below. 

 Finally, the variables used to measure the respondents’ health status could be considered 

insufficient. Indices for functional limitations and chronic health conditions were used. These 

variables may be insufficient to control potential confounding of the caregiver-falls relationship. 

In a sensitivity analysis, however, a more robust set of control variables were used (including 

dummy variables for self-rated health measures, the 12 individual functional limitations and six 

individual chronic health conditions (see Chapter 4), as well as several behavior-related 

measures, smoking status and body mass index (which can reflect physical activity levels and 

nutritional habits). Additionally, prior falls were included in sensitivity analyses as well (given 

that prior falls are strong predictors of future falls, as shown in the literature and in the results of 

the second research study of the dissertation), yet estimates did not noticeably change. Each of 

these variables could be considered to potentially confound the relationship between caregiving 

receipt and falls, as they each reflect something about the physical health of the respondent. The 

results of the sensitivity analysis (not shown) were nearly identical to those from the model using 

the indices of functional status and chronic health and not including health behavior variables. 
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Thus, it seems unlikely that the modeling approach used in this study involved omitted variable 

bias (at least with respect to variables used to measure respondents’ physical health status). 

Second Research Study 

 In the second study, there are also important limitations. First, the appropriateness of the 

estimates of the relationships between depressive symptoms and falls (NIFs and FRIs) are 

dependent on the adequacy of the models used. As discussed earlier, the NIF and FRI models 

were adequate according to a number of goodness-of-fit indices, meaning that the observed 

covariance matrix is similar to the covariance matrix implied by both the NIF and FRI models. 

However, adequacy of the model fit does not mean that the models are “correct.” Similarly, the 

estimated relationships are best interpreted as associations rather than indicating causality. While 

the estimated relationships are not causal, the cross-lagged panel model does offer an advantage 

compared to more traditional regression models in that it simultaneously regresses falls on 

depressive symptoms and depressive symptoms on falls (at different time points), thus to an 

extent controlling for reverse causality that may be present in the relationship. The model also 

removes measurement error in the associations between observed indicators and latent factors. 

 Second, the models were not able to control for health characteristics or other respondent 

characteristics at all waves of the cross-lagged panel analysis. At baseline (in 2006), the model 

controlled for social support, neighborhood social cohesion, and physical and emotional health. 

However, the model did not control for use of psychiatric medication at baseline, as inclusion of 

this covariate yielded a model with less than adequate goodness-of-fit. Similarly, inclusion of the 

social support, neighborhood social cohesion, and physical and emotional health variables in 

waves 2 and 3 of the cross-lagged panel model (i.e., years 2008 and 2010) produced models that 

would not converge. As discussed in Chapter 5, it is possible that levels of social support or 
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social cohesion or, in particular, respondent physical and emotional health could worsen over the 

course of the three waves included in this study. Since depressive symptoms are associated with 

ADL/IADL disability173 (i.e., the disability definition that involves difficulties with activities of 

daily living such as eating and bathing and/or instrumental activities of daily living such as going 

grocery shopping or using the stairs), by not controlling for physical health changes, the study 

may have ascribed fall risk to changes in depressive symptoms when at least some of that risk 

was associated with changes in physical health. Also, by not controlling for use of psychiatric 

medication, the study may have ascribed fall risk to neurologic factors associated with depressive 

symptomatology when at least some of the increased risk was due to medication use. 

 However, as shown in other studies, levels of physical illness/disability are strongly 

predictive of subsequent levels of illness, including disability164 (where disability in the cited 

study refers to “disability days,” which involve “bed days and restricted-activity days resulting 

from illness, injury, or poor health,” p. 353) and thus controlling for baseline health may have 

been sufficient in this model. The study’s findings were similar to those of other studies 

examining depressive symptomatology and falls as well. Thus, the model likely produces 

feasible estimates despite not controlling for respondent characteristics in the second and third 

waves of the cross-lagged panel model.  

 Third, the waves in this cross-lagged panel model represented two-year periods, which 

are longer than periods used in some other cross-lagged panel studies. In other studies, each 

wave in the analysis has represented periods of four months,164 six months,261,269 and two 

years.262 This study can only measure changes occurring approximately two years following a 

fall, which may explain the non-significant associations for the fall pathway to depressive 

symptoms. The two-year waves are problematic in that falls may result in increased depressive 
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symptoms in a period shorter than the two-year period examined in this study. That is, depressive 

symptoms may increase directly following a fall (e.g., in the first few months after the fall), but 

then diminish following rehabilitation after the fall (and well before two years following a fall, as 

discussed above).  

Third Research Study 

 There are several important limitations to the third study. As discussed at length above, 

the first limitation involves the identification of FRIs in the claims data. Outside of long-term 

care or rehabilitative facility institutions, which often have high staff-to-resident ratios, it is 

difficult to assess falls among older adults. Self-reports of falls may be more accurate than falls 

identified in claims data, but there are also issues with the accuracy of self-reported falls.315 The 

cost analyses, unlike the prior two dissertation analyses, did not use self-reported falls as the use 

of self-reported falls would have necessitated a prevalence-based as opposed to incidence-based 

cost analysis. The HRS data ask respondents about falls (and specifically about FRIs) that 

occurred in the prior two years. Thus, there is no way to determine the exact or even approximate 

date of the respondent’s fall. By using claims data, it was possible to identify an index date of a 

first, eligible FRI and then identify costs in a 12-month look-back and a 12-month follow-up 

period. As noted, compared to other FRI identification strategies in studies using claims data, 

this study benefits from the use of a new algorithm (i.e., the UCLA-RAND algorithm) that likely 

has better sensitivity and specificity than commonly used FRI identification strategies. By using 

four methodologies, including the UCLA-RAND algorithm, this study could compare and 

contrast cost estimates and observed that the choice of methodology had a noticeable impact on 

cost estimates—with implications for future FRI cost studies. 
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 A second potential limitation, also discussed earlier, is the choice of the washout period. 

This study used a 12-month washout period, which is both longer and shorter than other studies 

(though, typically, other FRI cost studies have used much shorter washout periods). The longer 

washout period in this study means that some incident FRIs may have been ignored in the study. 

However, while it is true that many older adults have multiple falls in a given year, the extent to 

which older adults have multiple FRIs in a given year is unknown. If roughly one-third of falls 

are FRIs and slightly less than half of older fallers have multiple falls in a given year, then there 

are not many older individuals with multiple FRIs each year. On the other hand, it seems 

probable that among older individuals with an FRI, many require sustained medical treatment 

over time. Thus, the use of a relatively long washout period seems to be an appropriate approach. 

On the other hand, it is still possible that claims data were classified as involving an incident FRI 

when it was in fact treatment due to an earlier FRI—a misclassification which would likely result 

in underestimates of cost differences between fallers and non-fallers in the study. If anything, 

this potential misclassification resulted in conservative estimates of FRI costs. 

 A third potential limitation is the potential for systematic bias in the study—specifically, 

bias due to possible unmeasured factors associated with use of medical services. The variables 

used may not have been adequate in terms of controlling for differences between fallers and non-

fallers with respect to medical spending. However, this study used a “case-crossover” design, 

(i.e., it examined cost differences between the follow-up and pre-baseline periods between the 

fall and non-fall cohorts). This means that study respondents were, to an extent, compared to 

themselves. To the extent that there were unmeasurable health characteristics and propensities to 

use services and health conditions associated with FRIs, they were likely controlled for with the 

study design. 
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 A fourth potential limitation is bias introduced because the study examined individuals 

who were alive during the study period (i.e., the two-year period spanning one year prior to one 

year after the index date for a given individual). Individuals may have been more likely to die—

and to have relatively high medical costs at the end of life—if they had fallen recently, given that 

fall injuries are a leading cause of mortality among older adults.28 By excluding those who died, 

the study may have underestimated the costs associated with FRIs. However, sensitivity analyses 

that included individuals who died were performed. The estimated costs of FRIs using this 

method were extremely close to those observed in the main models. Thus, bias from deaths is 

likely to have been small and, if present, likely led to conservative estimates.  

 A fifth limitation is the cost data that were available for this study. While the study was 

able to exploit a broad set of Medicare datasets, it did not include some important cost data that 

might be useful in estimating FRI costs. The Medicare data used in the study included inpatient 

hospital and emergency department, skilled nursing facility, hospital outpatient, provider, home 

health, durable medical equipment, and hospice data. The study had actual reimbursements from 

Medicare as well as patient out-of-pocket costs. However, the study did not have nursing home 

costs (aside from short-stay rehabilitation costs from skilled nursing facilities) or certain personal 

care services that could be found in Medicaid databases. However, most other FRI cost studies 

also did not include these long-term care costs.201,202,206,207,211-213 One FRI cost study that was 

able to match nursing home data to hospital, emergency department, and home health data found 

that nursing home costs were substantial among those experiencing an FRI (with estimated 

annual nursing home costs of $12,826 compared to estimated annual hospital costs of $13,582).87 

Since many older adults experiencing FRIs are eventually admitted to a nursing facility, by not 

including these costs in this study, FRI-related costs may be underestimated. However, compared 
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to many other FRI studies, this study has a broad set of Medicare data, which is important in 

terms of policy implications for the Medicare program. Study findings can be used to discuss 

FRI-related Medicare costs and potential benefits associated with implementing a falls benefit or 

other policy changes. 

Limitations Pertaining to All Studies 

 A limitation that may pertain to all three of the dissertation studies has to do with 

respondent dropout during the respective study periods. To explore potential biases in model 

estimates due to differential dropout among respondents who received care (in the first study 

question), who were depressed (in the second research question), or who used medical care (in 

the third research question), characteristics of respondents who dropped out of the HRS were 

examined. In the HRS, dropout was categorized as being due to the respondent being alive but 

not responding, dying during the present study wave or during a prior study wave, or simply not 

responding (and thus being dropped from the survey). As expected, respondents who dropped 

out (either those who were alive or who had died) were more likely to have fallen, to have 

received care (particularly formal as opposed to informal care), and to be in poorer health 

(measured with a number of different illnesses as well as self-reported health). See Table 8-18.  

 In terms of implications for the study results, in the first study, individuals receiving care 

from an informal or formal caregiver are in worse health than those not receiving care, as 

documented in Chapter 6, Table 6-3. Also, respondents receiving compared to those not 

receiving care have greater dropout in subsequent survey waves (due to death or 

institutionalization, for example). Those in poorer health are also more likely to experience a fall 

(see Chapter 6, Table 6-2). It is possible, then, that differential dropout could result in fewer 

fallers among those individuals receiving care (and particularly among those receiving formal 
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care since such individuals are in even poorer health than those receiving informal care, as 

shown in Table 6-3). This could potentially bias estimates downward, meaning that the negative 

association trend between joint receipt of informal and formal caregiving and falls (and reduced 

risk of a fall among those receiving formal compared to informal care) is due at least in part to 

selection bias—where selection bias indicates differential dropout among the treatment 

groups.260 Additionally, though the receipt of informal care was generally associated with 

increased fall risk, these estimates with positive magnitudes of association may have been biased 

downward as well. However, while dropout was substantially different between those receiving 

and not receiving care, it was not extremely different between all groups of caregiving recipients. 

Among those receiving more than 20 weekly hours of informal care or at least some formal care, 

dropout rates were generally relatively high (35% to 45%) (compared to 10% for those not 

receiving care and 21% for those receiving less than 20 weekly hours of informal caregiving). 

 In terms of implications of differential dropout for the second study, it would appear that 

depressed compared to non-depressed individuals were more likely to drop out during follow-up 

(i.e., in subsequent survey waves during the 2006-2010 study period). If it is the case that, as 

hypothesized, individuals experiencing falls compared to non-fallers re more likely to become 

depressed in subsequent time periods, then comparatively higher dropout among depressed 

compared to non-depressed individuals could attenuate the association between falls and 

subsequent depression or depressive symptomatology. This may in part explain the finding that 

there was no association between falls and subsequent depressive levels. The difference in 

dropout for depressed compared to non-depressed individuals (approximately five percentage 

points for the entire 2000-2010 HRS sample, Table 8-20) may have substantially affected the 

model results.  
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 In the third study, those experiencing an FRI had substantially greater changes in annual 

medical costs than those not experiencing an FRI. Since those who were less healthy were more 

likely to fall and to drop out (and since end-of-life medical costs can be high), the study 

estimates of annual change in FRI-related medical costs could be biased downward. However, 

the study had Medicare data for all individuals, regardless of whether they dropped out of the 

HRS survey. To account for individuals who may have died during the period of analysis, the 

study used sensitivity analyses in which (a) costs of individuals who died were estimated based 

upon prior spending during the time they were alive and (b) models incorporated weights that 

accounted for the period of time in the follow-up period during which the individual was alive 

(as discussed in Chapter 4). The findings of the main and sensitivity analyses were similar, 

suggesting that selection bias was not present in this study. 

Policy Implications of the Studies 

 The findings from the first study may be useful for future research and for falls 

prevention policies. The level of risk reduction marginally associated with joint formal and 

informal caregiving—18% reduction—compares well to results from falls prevention 

interventions identified in a Cochrane Review, such as multi-component group exercise (Risk 

Ratio, RR: 0.83), multi-component home-based exercise (RR: 0.77), and assessment and 

multifactorial intervention (no significant association).45 The findings suggest a potential 

opportunity for reducing falls and FRIs. Falls prevention efforts successfully target individual-

specific physical health problems45,65,96,101,102 as well assistive device use,45,96 medications,45 and 

health behaviors.45,316 However, as noted, the role of caregiving in falls/FRI prevention has not 

been discussed despite its potential for risk reduction.  
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 Given the sheer numbers of informal caregivers providing care to long-term care 

recipients in the community, it would be wise to include caregivers in falls prevention training—

whether through state Medicaid agencies or primary care practices and health clinics. A number 

of efforts have addressed the need for a public health approach to combating falls and FRIs. 

Researchers and policy makers have developed public health, or population-based 

approaches,22,23,25,84,101,317 which may translate into substantial decreases in population-level 

injury.25,40,64 Clinical falls prevention interventions do not have the same potential reach as 

population-based efforts and population-based efforts require engagement with caregivers, based 

upon findings from this study.  

 Additionally, the guidelines for falls prevention should be updated to include caregivers’ 

roles in falls prevention. The guiding document for falls prevention, the 2011 American 

Geriatrics Society (AGS) Panel on Falls Prevention,318 does not specifically mention caregivers’ 

roles, however, even though a number of the recommendations refer to care recipient needs often 

supported by caregivers. For instance, the report indicates that community-dwelling older adults 

should obtain treatment (postural hypotension, cardiovascular disorders) or training (gait), 

medication review, and access to exercise programs. Informal caregivers provide transportation 

to and from medical treatments and help set up appointments for care recipients and they are 

likely to observe risk factors for falls prevention, such as poor balance and gait, prior falls, or 

vision problems (of which care recipients themselves may or may not be aware). The role of 

informal caregivers should be made more explicit in this document as well as in other 

interventions addressing falls risks. 

  Many of the other study findings are consistent with previous findings in the falls 

literature. Sensory impairments,35,91 functional limitations,35 and ADL/IADL disability35,36 have 
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been observed to predict falls. Chronic conditions are associated with increased FRI risk97 and 

increased fall risk.35 Additionally, heart disease, hypertension, stroke, and diabetes are risk 

factors for falls33,35,38 and cardiovascular disease42 and diabetes193 have been associated with 

substantial increases in hip fracture risk. Benzodiazepine use,30 and sedative31 and antidepressant 

use31,33 have been associated with fall risk or fall rates.45 Use of anti-depressant medication has 

been associated with increased risk of hip fracture.175 Increasing age, female gender, and 

Caucasian race are also associated with fall/FRI risk.33,35  

The findings of this dissertation add to the disablement process theory and P-E fit 

literature. Disablement process model (DPM) theory predicts the likelihood of independent 

living11 and disability among older adults.218 This study observed that, as DPM theory predicts, 

there are “feedback loops” between physical functioning and acute injuries. The study also 

contributes to DPM theory by including both caregiving (as a predictor that the theory might 

term an “extra-individual” predictor) and falls, a type of acute event not examined using DPM 

theory. Conversely, prior studies have assessed falls using P-E fit theory. With improved P-E fit 

in housing, older individuals experience greater physical and social well-being319 and, among 

frail, older individuals, ADL-IADL dependence is moderately correlated with P-E fit problems.72 

However, this is the first study to address formal and informal supportive services in the context 

of P-E fit theory. 

 There are also policy implications from the second study. Among the U.S. older adult 

population of 45 million, approximately 15% (or 6.8 million) experience depressive 

symptoms.157 At the same time, as many as one in three older, community-dwelling adults 

experience a fall each year. Depressive symptoms may be an indicator of fall risk for many older 

adults. An increase in depressive symptoms in an older individual may suggest other, unobserved 
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neurological and motor issues having to do with executive functioning. Or, they may suggest 

issues with an older individual’s energy levels or ability to focus during activities that may put 

them at risk for falls.  

 Yet, in terms of prevention, depressive symptoms are not typically included as part of a 

falls assessment. The American Geriatrics Society’s (AGS) recommendations for falls 

assessment include questions about whether an older individual has fallen in the past year (and, if 

so, how many times the person fell) or whether the individual had problems with walking or 

balance.320 If the respondent has had a fall and gait and balance problems, then the AGS 

recommends a gait and balance assessment and, for those with gait/balance problems, further 

multi-factorial assessment. Multifactorial assessment includes a focused medical history, a 

physical examination and functional and environmental assessments.320 The recommended 

medical history investigates prescription medication use, which may involve psychotropic 

medications, and the physical examination explores neurological function. However, none of the 

original assessment or conditional steps (the gait and balance assessment, medical history, 

physical examination, or environmental assessment) specifically addresses depressive 

symptoms/depression. 

 Another influential assessment and intervention policy excludes depressive symptoms 

from quality metrics. Quality indicators for falls and mobility problems were developed as part 

of the Assessing Care of Vulnerable Elders (ACOVE) project and the American College of 

Physicians/American Society of Internal Medicine (ACP/ASIM) Task force on Aging.321 The 

project provided recommendations regarding detection, evaluation, and intervention for falls and 

mobility problems. Much like the AGS recommendations, those comprehensive indicators 

provide information for providers regarding an initial screening based on prior fall history and 
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mobility problems and then conditionally recommend evaluations and/or interventions for 

various fall risks (e.g., gait/mobility, balance, endurance, syncope, cognitive impairment, 

strength, vision, and endurance).321  

 Although these sets of recommendations are evidence-based and clinically useful, there 

may be drawbacks for individuals with depressive symptoms who are at risk for falls. First, 

individuals who have depressive symptoms may not have fallen in the prior year. Additionally, 

older adults with psychological distress are less likely to see providers compared to younger 

adults.156 Without a medical visit, older individuals may not be screened for falls risk. Second, 

older individuals may not admit to having fallen or having unsteady walking. Qualitative studies 

of older individuals indicate that characteristics associated with fall risk may be considered 

shameful or embarrassing. In many cases, older adults (and men in particular) may blame falls 

on external (or extrinsic) rather than factors associated with their own health or actions.102 Others 

blame falls on bad luck, a temporary lapse of attention, or a temporary illness.102 Depressed 

individuals may not report difficulties with walking or balance when seeing a provider 

evaluating the individual’s fall risk. They also may be apathetic about engaging in activities that 

may improve their health. 

 Another concern with current screening, evaluation, and treatment recommendations for 

falls risk involves participation rates and lack of follow-through with recommendations. A study 

of medical records of older individuals observed that the majority of records did not contain 

documentation of a falls assessment, nor ACOVE and ACP/ASIM recommended evaluations; 

remarkably low percentages of medical records contained evidence of recommended basic fall 

physical examinations and other recommended therapeutic actions.322 What is more, even older 

individuals who do receive referrals to exercise programs or other falls interventions may not 
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participate, due to lack of social support or lack of education or lack of involvement in decision-

making about the interventions.102,104 Individuals may not participate in exercise programs, for 

instance, due to concerns about medical problems, pain, fear of injury, or lack of interest.68,323 

This may be particularly true of depressed older individuals (or those with depressive 

symptoms),115 given the strong relationship between physical disability and functional 

limitations as well as the transition to frailty with depressive symptomatology158,176 and because 

depressed individuals may be less motivated to either take up or continue participation in falls 

prevention interventions.  

 Given these concerns, it may be appropriate for medical providers to assess depressive 

symptomatology among older adults as part of a falls risk evaluation.121 If older adults present 

evidence of an increase in such symptoms, the provider could initiate a falls risk evaluation. This 

would require a shift in the current methodology (and AGS and other recommendations), which 

just requires questions regarding recent falls and problems with walking and balance. Also, 

under CMS’ Physician Quality Reporting System, providers have financial incentives to assess 

falls risks and create falls plans of care.324 Such assessments should account for depressive 

symptomatology. CMS Quality Improvement Organizations should work with providers to 

provide information regarding depressive symptoms as a major falls risk factor. Where providers 

conditionally evaluate patients for falls risks given the establishment of a recent fall or falls, they 

should also include depressive symptomatology as a fall risk criteria. An example of a basic and 

easy-to-use fall prediction toolkit that includes mental health was developed by Tinetti.325  

 Finally, many medical providers currently do not provide falls risk assessments or ask 

patients about recent falls. Under the Affordable Care Act (ACA), hospitals are no longer 

reimbursed for hospital-acquired conditions, including falls.324 As part of efforts to reduce 
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inpatient falls, hospitals may already be engaging in falls prevention efforts. To further such 

efforts, providers in inpatient settings seeing falls patients should evaluate fall risks and refer the 

patient to (or encourage the patient to speak with a primary provider about) falls interventions. 

CMS should consider requiring inpatient providers to assess falls risks and create falls care plans 

for beneficiaries using inpatient services, much in the manner of CMS’ Physician Quality 

Reporting System for outpatient providers.324 Such an incentive would increase exposure for 

older adults to appropriate assessments and evaluations that fully account for factors increasing 

falls risk. 

 In terms of the third study, in addition to contributing to the health services literature by 

offering estimates based upon a strong methodology and unique dataset, this study puts FRI costs 

into context of Medicare beneficiary and program spending and can inform policy efforts. The 

study also has implications for cost-effectiveness assessments of intervention programs. As noted 

in Chapter 2, a number of falls prevention efforts have been designed to reduce fall 

risk.45,65,96,100,101 A 2012 Cochrane Review of 31 studies observed that, among older, community-

dwelling adults, the fall risk among those receiving assessment and multifactorial falls 

prevention interventions was 77% that of individuals not receiving the interventions.45 These 

findings on NIF and FRI risk reduction, along with information about the cost of interventions 

and the cost of FRIs, can be used to update studies on cost-effectiveness (i.e., whether the health 

benefits of reducing FRI risks are worth the investment) or cost-benefit (i.e., whether the reduced 

costs associated with fewer Medicare-reimbursed FRIs are greater than the cost of investment in 

falls prevention). Notably, the cost of preventing FRIs might be high relative to the cost of 

preventing NIFs given that one in three community-dwelling older adults (ages 65 years and 

older) has a NIF, but just one in eight has an FRI each year. Yet, many of the risk factors are the 
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same, meaning that prevention of NIFS should also prevent FRIS. Additionally, there are 

potential measures to reduce fracture risk among fall-prone older adults.326 Given the costs of 

FRIs, prevention efforts should focus more on the prevention of FRIs.327 Findings from such 

studies may be used to argue for Medicare funding for a falls benefit or local health department 

investment in community-wide falls prevention efforts, among others.  

 Several, generally older studies have used findings from these or other falls prevention 

interventions to evaluate the cost-effectiveness of falls prevention programs.326,328-330 Generally, 

studies have shown that falls prevention interventions are cost-saving.86 In particular, studies 

found that a Medicare program to increase falls awareness and provide risk assessment and 

group exercise programs could be cost-saving328 and that certain types of falls prevention 

interventions—medication management and home modifications are among the more cost 

effective.329 Another study specifically focused on preventing fractures among older individuals 

found that FRI prevention is cost-effective among the female population and cost-saving in a 

high-risk female population.326 That study concluded that the use of hip protectors and/or vitamin 

D and calcium supplementation would improve the life quality of older adults at what has been 

considered an acceptable cost (i.e., less than $50,000 per quality-adjusted life year).331   

 However, the cost estimates employed in the cost-effectiveness analyses in those studies 

are not up-to-date, generalizable to the U.S. older adult Medicare population, and may be biased. 

Two of the cost-effectiveness studies328,329 employed FRI cost estimates from a 1998-old study 

of 1,103 participants ages 72 years and older in New Haven, Connecticut that included only 

inpatient, ED, home health, and nursing health care costs (and did not include outpatient, durable 

medical equipment, or hospice cost data).87 The study used self-reported falls (both NIFs and 

FRIs) rather than administrative data to identify falls so may have misclassified those 
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experiencing FRIs as non-fallers in cases where FRIs were less severe (or severe enough to 

require institutionalization, which could impede follow-up self-reports of FRIs). These estimates 

are dated and likely do not reflect the full range of costs experienced by older Medicare 

beneficiaries in other parts of the country. Another cost-effectiveness study of FRI prevention 

treatments in older men and women326 relied upon cost estimates of fractures among women 50 

years and older in the UK from a 1998 study.332  

 Still other, earlier studies estimated the cost of falls prevention, but did not estimate the 

relative benefit in terms of avoided Medicare costs for falls333 and thus would benefit from 

updated estimates of FRI-related costs, assuming that interventions measure FRIs among study 

participants. Tinetti (1994) observed that a multifactorial falls prevention intervention cost $891 

per subject, or $1,947 per fall prevented and, for the prevention of a fall requiring medical care, 

$12,392 (in 1994 dollars).334 An earlier study observed that a nursing home falls intervention 

study cost $300 per subject (in 1989 dollars).335 Another multifactorial intervention for 

community-dwelling older adults consisting of medication management, exercise, and focus on 

behavior such as sleep habits cost $925 per subject (in 1996 dollars).336 A RAND systematic 

review of falls prevention studies determined that, were Medicare to provide a falls benefit, it 

would cost $90 for a falls evaluation and $280 for falls prevention rehabilitation (in 2002 

dollars).333  

 Although these studies are dated, the intervention costs and information regarding fall 

risk reduction could be used, along with updated FRI cost estimates to assess the interventions’ 

cost-effectiveness or cost-benefit. Generally, the falls prevention costs were under $1,000 (with 

the exception of the cost for preventing a fall requiring medical care in the Tinetti study above), 

which is substantially lower than the approximately $15,000 FRI-related annual Medicare costs. 
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Presumably, the prevention NIFs also prevents at least some FRIs. For instance, in a study of 

adults ages 65 to 97, a home exercise program reduced both the numbers of NIFs and FRIs by 

35%.337 Additionally, according to the current evidence base, risk factors for NIFs and FRIs are 

largely similar. But, even if falls prevention efforts only reduced FRIs at one-third the rate that 

they reduce NIFs (since there are three times as many NIFs as FRIs), an intervention in which it 

costs approximately $2,000 per falls prevented (as in the Tinetti study referenced above) could 

cost $6,000 per FRI prevented—still substantially less than the cost of an FRI.  

 While many of these studies emphasize preventing falls generally, this study and others 

suggest that a focus on reducing FRIs as opposed to NIFs is likely to produce the largest savings 

in costs from Medicare’s perspective. Studies have shown that costs increase substantially when 

falls require medical attention202,212 or when falls require inpatient as opposed to outpatient care, 

which is more likely with FRIs than NIFs. For instance, Bohl et al. (2010) observed that 12-

month costs attributable to falling among non-admitted fallers were $3,406 while 12-month costs 

attributable to falling among admitted fallers were $35,144201 and Rizzo et al. (1998) found that 

a NIF resulted in $6,938 while one or more FRIs resulted in $13,852 in 12-month inpatient 

hospital costs.87 In this study, cost estimates were substantially higher ($14,778 compared to 

$11,678) for FRIs treated in inpatient settings (i.e., case qualification levels 3 and 4) compared to 

FRIs treated in inpatient and outpatient settings (case qualification levels 1-4).   

 Finally, in terms of advances in cost-of-injury study design, the FRI identification issues 

have been discussed at length. In terms of policy implications, the study suggests that current 

approaches to claims-based identification are inadequate. Most researchers use e-codes to 

identify FRIs in claims data, yet as noted, e-codes are often absent in claims data either due to 

lack of mandatory reporting, the design of state injury reporting systems, institutional practices, 
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or normative practices in various states. Two policies should be adopted. A first necessary policy 

change is mandatory e-code reporting in EDs and hospitals across states as well as quality 

assurance (QA) efforts by states that include adoption of health information technology allowing 

for capture of injury information. Some states with injury-collection technology only have one 

slot for filling injury information even though there may be multiple pieces of information useful 

for surveillance purposes (i.e., mechanism and place of injury). With support from the CDC, 

CMS should consider implementing (or encouraging states to implement) a pay-for-reporting 

program involving e-codes, wherein a penalty is incurred by providers for not including e-codes 

in all administrative records and if QA activities are not conducted regularly. 

 Second, researchers should address the inadequate sensitivity of e-codes, which result in 

underestimations of utilization and cost as shown in this study (when comparing the e-codes only 

compared to the CQ = 1-4 FRI identification algorithm), by refining FRI identification 

algorithms such as the UCLA-RAND algorithm used in this study. Future studies should 

examine e-codes in states considered to be the “gold standard” in terms of completeness of e-

code reporting and compare FRI prevalence and cost estimates using e-codes to estimates using 

other FRI algorithms. While the UCLA-RAND algorithm used in this study (with comparisons to 

other algorithms) is a step forward in the cost-of-FRI field, the accuracy of this method is yet to 

be determined. Future studies should compare the findings from this study to a study that uses 

chart review to assess whether FRIs occurred. 

Toward a Population Health Management Approach to Falls Prevention 

 Together, the dissertation results suggest a path forward in improving community-wide 

health for a vulnerable population.  Current U.S. approaches used in falls prevention (when they 

are used at all) are typically clinically oriented, with primary care providers offering falls risk, 



 253

assessment and, in some cases, referrals for falls prevention activities such as home exercise or 

multifactorial prevention (involving medication review, exercise programming, and 

environmental modification).  However, a clinically based approach to falls prevention has a 

number of drawbacks involving incentives, cost, and scalability.  First, there are a limited 

number of geriatricians in the U.S., and non-geriatrician primary care providers treating older 

Medicare beneficiaries lack incentives to assess falls risk and encourage beneficiaries to engage 

in prevention efforts.  Second, organizations offering one-on-one clinical falls prevention 

interventions to older adults may have difficulty finding or sustaining funding for their efforts.  

Additionally, randomized trials involving clinically oriented prevention efforts are costly and 

would appear to have limited upside given that most clinical risk factors for falls are largely 

known and the merits of falls prevention interventions are also well understood by now.   

 This dissertation’s three studies suggest that there may be a mechanism as well as a 

financial justification for adopting a population health management approach to falls prevention.  

There is evidence from the first research study that certain types of care (i.e., formal caregiving) 

may be associated with reductions in non-injurious falls and that the presence of a caregiver is 

associated with reductions in fall-related injuries amongst cognitively impaired older adults.  

Though additional research is needed to further explore this issue, the results point the way to an 

arguably overlooked resource in terms of falls prevention—that is, members of the community 

and non-clinicians who can provide oversight or otherwise influence or favorably affect the 

behaviors of older adults may be a key insight into preventing falls.   

 A paradigm shift is needed: rather than addressing falls as medical problems to be treated 

by clinicians, attention should be direction toward developing coordinated, cross-disciplinary 

efforts to prevent falls.  Creative efforts should be applied and examined for success in fall 
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prevention; these could include linking public health and urban planning policy makers, along 

with medical professionals, social workers, occupational and physical therapists, and 

paraprofessionals (i.e., home health aides, nursing aides) in efforts to help older adults better and 

more safely adapt to their physical environments.  Policy makers could aim to improve the 

physical conditions of living environments for older adults by assessing the safety and security of 

communities—lighting, sidewalk safety, crosswalks, and other aspects of the built 

environment—and community recreational offerings, such as availability of parks and walkways, 

community exercise classes, and subsidized environmental safety programs that examine homes 

of older adults for potential home hazards that can lead to falls.  When called out for emergency 

visits (in situations where older fallers call for emergency services but then request not to be 

transported to the hospital), paramedics could also, with permission from older adults, assess 

homes for fall hazards. Informal caregivers could also play a part in this cross-disciplinary 

approach, given the prevalence of caregivers in the U.S., the large proportion of caregivers living 

in the same home as a care recipient, and the familiarity of caregivers with the daily habits of 

older care recipients.  Communities could provide greater educational opportunities for cross-

disciplinary providers and for older adult community members—addressing the stigma of falls, 

by normalizing falls and providing opportunities across populations for fall reduction. 

 Financing for such programs could originate from the Medicare and Medicaid programs.  

As shown in the third research study, fall-related injuries are costly at the individual level and in 

terms of total costs across the Medicare program; while Medicaid costs were not included in the 

study, it is reasonable to assume that fall-related injuries substantially affect Medicaid spending 

(particularly given that a large proportion of nursing home admissions among older adults are 

among those who experience fall-related injuries treated in a hospital setting).  Rather than 
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providing individual-level benefits to assess and prevent falls, which may be an unachievable 

goal under current political conditions (given Congressional desire to rein in Medicare 

spending), Medicare might consider a demonstration project providing a community benefit to 

cross-disciplinary teams organizing fall prevention at the population level.  This would require 

congressional approval, but there is precedent for such efforts—in the Affordable Care Act, 

Congress provided $500 million for community-based hospital readmissions prevention efforts, 

with the Community Care Transitions Program; additionally, Medicare’s Quality Improvement 

Organizations offer help to community organizations aiming to implement quality improvement 

efforts related to Medicare beneficiaries. Additionally, or alternatively, with a Medicaid home 

and community based services waiver, a state could request funding for community-based falls 

prevention as part of “rebalancing” efforts helping older individuals remain in the community 

and out of institutions—a goal that would benefit from population-wide falls reductions. 

 Finally, while attempting to shift falls prevention from the individual to the community 

level, some attention should be given to the unique nature of falls as a measurable outcome.  

Unlike with other health conditions typically assessed as important health outcomes requiring 

preventive efforts (e.g., heart failure, pneumonia, diabetes), the established risk factors for falls 

are not uniquely “bad” things. Certainly, poor gait and balance, limited muscle strength, 

difficulties with physical functioning, and chronic diseases linked to falls are not desirable 

characteristics or conditions for older adults. However, a main category of risk for falls—being 

physically active and engaging in activities that create opportunities for falls—reflects a 

desirable characteristic for older adults from the perspective of public health policy makers. As a 

society, policy makers should aim to create safe and enjoyable conditions for older adults to 

recreate and physically exercise.   
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 To an extent, this could conceivably increase fall rates among the older adult population, 

given that more activity could result in greater fall risk at the individual level. On the other hand, 

such efforts might alleviate the dependency, inactivity, and social withdrawal that may be 

experienced by some, if not many, older adults as they become less able to find activities to do 

on their own. Communities with more activities for older adults and areas for congregation and 

social and recreational interactions could alleviate isolation and even depression. As the second 

research study, showed, depression is a tremendous burden when it comes to falls. Thus, there 

may be a virtuous cycle by which better community management of the built environment, social 

and recreational opportunities, and living conditions within older adults’ residences can improve 

mental health and reduce fall risk. Treating falls less as a medical threat than as an outcome that 

requires community caring and thoughtfulness will require forward-thinking and 

acknowledgment of a difficult trade-off: making communities more friendly to older adults may 

both decrease and increase opportunities for falls—and thus more study is required to assess the 

consequences of this population health management strategy—but it seems preferable to a 

medicalized, unscalable and costly approach to falls prevention that has not stemmed the 

growing rate of falls among the U.S. older adult population. A compassionate population health 

management strategy may improve older adults’ quality of life while offering a new paradigm 

for bettering physical functioning and potentially reducing fall risks in an aging population. 
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Chapter 8 : Appendices 

Extended Discussion of Fall Risk Predictors 

 Research has classified fall risk as involving several distinct categories. However, there is 

limited research exploring how various risk factors relate to one another. As elaborated below, 

one set of categories often used includes “intrinsic,” “extrinsic,” and “iatrogenic” risk factors. 

This taxonomy distinguishes risks as being within (intrinsic) or external to (extrinsic) the older 

individual or having to do with treatment, such as medication use (iatrogenic). Others have 

categorized fall risk as involving predisposing and precipitating factors and further categorized 

factors as involving shorter- and longer- term risks. Below, I discuss known risk factors and 

these risk predictor taxonomies. Then, to inform the dissertation’s conceptual approach, I briefly 

review the literature on the biomechanics of falls—involving muscle and joint strength, gait and 

balance, and postural control. Again, despite use of these taxonomies, falls researchers have not 

systematically advanced ideas concerning conceptual relationships between various fall risk 

predictors.  

Intrinsic Risk Factors 

“Intrinsic,” or within-person, factors have been defined as involving accumulated effects 

of chronic illnesses and physiologic decline308,338 and as posing both chronic or short-term risk 

factors.30 Chronic risk factors pose consistent fall risks due to underlying conditions that affect 

sensory, cognitive, neurologic, or musculoskeletal functioning.30 Tinetti et al. (1989) identified 

reduced visual acuity and hearing, vestibular dysfunction (which affects spatial orientation at rest 

and in motion), proprioceptive dysfunction (which contributes to stability during movements 

such as walking on uneven surfaces), dementia, musculoskeletal disorders, and foot disorders as 

chronic risk factors.30 Other chronic risks include foot problems, such as callouses or toe 



 258

deformities,29-31 balance and gait,31-34 and performance on attention-demanding tasks while 

walking (“dual tasking”).308 Difficulty with dual-tasking may be due to poor executive 

functioning that affects balance, gait, posture, vision, reflexes, cognitive status, and muscle 

strength.16,35-42  

As reported by Perell et al. (2001), Rubenstein and Josephson used results from 16 

studies and estimated the relative risks (RR) for a number of chronic risk factors and found: 

muscle weakness (RR = 4.4), history of falls (RR = 3.0), gait deficits (RR = 2.9), use of assistive 

devices (RR = 2.6), visual deficits (RR = 2.5), arthritis (RR = 2.4), impaired activities of daily 

living (RR = 2.3), depression (RR = 2.2), cognitive impairments (RR = 1.8) and age greater than 

80 years (RR = 1.7).32,339,340 Many of these risks can be considered “predisposing” risks (muscle 

weakness, gait and visual deficits, arthritis, cognitive impairments) because they may influence 

the likelihood of but do not directly present the opportunity for a fall; others in the above list can 

involve “precipitating” risk factors because they present or hinder a fall opportunity (use of 

assistive devices). 

Short-term risk factors include acute illnesses and exacerbations of chronic illnesses, 

postural hypotension (sudden drop of systolic blood pressure while standing) and use of 

medications, including antihypertensive agents, benzodiazepines, phenothiazines, anti-

depressants and, potentially, anti-arrhythmic or anticonvulsant agents.30 These latter risks can be 

classified as “iatrogenic,” or treatment-related (medication-related) risk factors for falls. 

Extrinsic Risk Factors 

Extrinsic factors that are not related to the physiology of older adults have also been 

discussed as potential risk predictors. Additional evidence for a potential relationship between 

the physical home environment and falls46,62,65-68 is that falls most commonly occur at home,113 
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with as many as one-half or more of falls occurring in the home environment29,31,62 and most of 

older adults’ waking-time behaviors occurring in the home.59 Home modifications have been 

cited as effective in lowering fall risk and fall rates, particularly among high-risk older 

individuals.45  

In terms of the physical environment, falls often occur in the home,113 with up to one-half 

of falls occurring in the home environment,29,31,62 where most of older adults’ waking-time 

behaviors occur.59 Time spent in the home increases as adults age, with adults 80 years and older 

spend the majority of their time in their homes.341 Other hazards are slippery surfaces or cracks 

in the pavement outside the home, which may result in reduced mobility and greater fall 

risks.45,65 They also include obstacles, inadequate light, loose carpets, or stairs.32 Such home 

safety hazards are common in the homes of community-dwelling seniors. The prevalence of 

hazards in one study ranged from 12% to 61% for dim lighting and for no grab bars in a tub or 

shower, respectively; in that study of 1,103 persons 72 years or older, nearly all homes had two 

or more home safety hazards.342 Many falls also occur outdoors.34,127 Environmental factors 

account for one-third to one-half of falls,31,34,84 with trips and slips being the most common 

causes of self-reported falls.113 Both “vigorous” and “frail” older adults are at risk for 

environment- and activity-related falls, though active adults may be at greater risk.343 However, 

there is largely conflicting, overall evidence regarding the significance of the relationship 

between the home environment modification and fall risk.46,62,65-68 

Moreover, extrinsic fall risks may not exclusively involve physical environmental factors, 

since the social environment is likely implicated in falls.46,62,65-68 Among older adults, living 

alone may result in falls.35,344 Specifically, living alone may lead to activity avoidance43,114 that 

decreases physical functioning as well as in social isolation34,115,116 that can lead to increased 
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anxiety levels and depressive symptom levels.78,115,116 In turn, elevated anxiety levels and 

depressive symptomatology are associated with decreased executive functioning and with fall 

risk42,345-348 and decreased physical functioning may lead to poorer balance and gait and muscle 

strength that are associated with falls.31-34  

Older fallers are thus susceptible to social isolation, frustration, and fatalism resulting in 

fear of falling and physical activity level reduction,110,124,125 which potentially inhibit 

participation in falls prevention efforts.316 Older individuals who have fallen may not understand 

the reason for their fall124,297 or may mistakenly attribute a fall to their environment rather than to 

their health.316 Many older adults deny their own fall risk or that they are a “faller,”102,105,110 

possibly because admission of risk implies loss of autonomy or dignity or conflicts with beliefs 

about their own health and activity preferences.105 Other older individuals understate their own 

risk while acknowledging the risk among other older individuals.44 Older fallers have also 

reported a sense of “feeling alone”297 and of anxiety and helplessness after falls316 and lack of 

transportation due to social isolation (not having family or friends to provide transportation) may 

also limit engagement in falls prevention activities.106 Thus, social environmental factors may 

help shape older adults’ stances regarding fall risks ideas about autonomy and thus assist older 

adults in minimizing risky behaviors, prioritizing safety, using assistive devices, and otherwise 

engaging in falls prevention activities.349  

Precipitating Risk Factors 

 In general, individuals are unlikely to fall or experience an FRI absent a behavior of some 

kind, environmental factor, or other factor that creates an opportunity for the NIF or FRI. For 

instance, Tinetti et al. (1988)31 found that most falls were caused by an activity, or an 

environmental or medical factor and designated these as “precipitating factors.” Researchers 
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have also examined precipitating factors39 such as slips, trips, or stumbles, that are associated 

with the faller’s physical environment (e.g., presence of a wet or slippery surface or winter 

weather conditions), individual behaviors (e.g., hurrying), or health (e.g., sudden numbness).113 

Tinetti et al. (1988)31 found that environmental factors (objects tripped over, stairs, snow or ice) 

were responsible for 44% of falls while activity-related factors (standing still, performing a basic 

activity of daily living, walking, getting up or sitting down, stepping up, climbing on ladders or 

chairs) were listed in a number of cases.  Only nine subjects of 222 for whom fall reasons were 

collected did not identify a precipitating factor or reported that they “just went down.”  

Health behaviors can result in increased fall risk, where individuals move quickly or are 

inattentive or, though infrequently done, engage in hazardous activities that involve instability, 

such as standing on chairs, reaching for objects in cabinets, or walking on slippery surfaces 

outside.30,32 (In terms of the prior framework, health behaviors have been categorized as extrinsic 

risks.) Tinetti (1989) indicates that, among community-dwelling older adults, approximately 5% 

of falls are associated with hazardous activities such as climbing on chairs or ladders or 

participating in sports, while approximately 10% of falls involve stairs.30 Other potential 

precipitating factors are adverse behaviors as a result of unsupervised activities that occur in the 

home. For instance, among older adults, living alone35 may increase fall risk. This could be due 

to the risky nature of unsupervised activities but also potentially due to activity avoidance43 that 

decreases physical functioning and social isolation.34,115,116 In turn, physical deconditioning could 

lead to poorer balance and gait and muscle strength,31-34 while isolation may lead to poor self-

care, both of which are factors associated with fall risk. 

Multifactorial Fall Risks 
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Finally, fall risks have often been called multifactorial.  Thus, while some falls may be 

due to a single risk factor, it appears that falls may often be due to several or more factors, with 

risk increasing with a greater number of risk factors.31 Tinetti and colleagues’ (1988) seminal 

article on risk factors for falls among older adults living in the community examined adults ages 

75 and older and estimated the odds ratios (OR) for a number of fall-related risk factors. The 

authors found that fall risks included use of sedatives (OR: 28.3; 95% CI: 3.4-239.4), cognitive 

impairment (OR: 5.0; 95% CI: 1.8-13.7), lower-extremity disability (OR: 3.8; 95% CI: 2.2-6.7), 

palmomental reflex (OR: 3.0; 95% CI: 1.5-6.1), foot problems (OR: 1.8; 95% CI: 1.0-3.1), and a 

relatively high number of balance and gait abnormalities (for 6-7 abnormalities, compared to 0-2 

abnormalities OR: 1.9; 95% CI: 1.0-3.7). The palmomental reflex may indicate central nervous 

system dysfunction, per the authors. In that study, the proportion of fallers among those with four 

or more risk factors was 78% while the risk of falling among those with two risk factors and zero 

risk factors was 32% and 8%, respectively.31 

Biomechanics of Falls: Muscle and Joint Strength, Postural Balance, and Gait 

Along with considerable documentation and useful taxonomies of fall risk predictors, the 

falls literature also provides information about the biomechanics of falls. In terms of 

physiological and biomechanical factors underlying fall risks, falls and FRIs can indicate 

declines across several bodily systems that regulate spatial sense, posture, and gait.90-92 As noted 

earlier, walking involves use of and coordination involving sensorimotor and central processing 

systems, musculoskeletal strength, visual acuity, and the vestibular system controlling balance.93-

95 Thus, declines in these systems can lead to falls.  
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Muscle Mass and Strength Among Older Adults 

Specifically, with age, there is substantial loss of both muscle mass (sarcopenia) and 

muscle strength,92,345,346,350,351 with decreasing muscle strength affecting proprioception (spatial 

awareness) and postural balance.347 Loss of muscle strength is likely due to a reduction in the 

number of muscle fibers351 and the decrease in levels of physical activity performed.345 

Decreased muscle strength in older adults’ lower extremities may increase fall risk due to muscle 

exertion and fatigue related to stepping over obstacles—compared to younger individuals, older 

individuals have less “maximum” strength and lower percentages of “available strength” when 

encountering obstacles.346 Loss in “explosive muscle strength” used when climbing stairs, 

getting in/out of chairs or bed, or other daily activities associated with falls31,325,348 occurs with 

age.345 Muscle strength also affects proprioception at the knee, ankle, and other joints (and 

proprioception declines with age)350,352,353 and increases challenges to maintaining balance when 

encountering obstacles while walking.346 

Postural Balance and Center of Mass Among Older Adults 

Problems with muscle loss and proprioception among older adults directly leads to 

difficulties with postural balance, functional performance,350,354 and falls.355 Postural balance 

involves maintaining position, stabilizing movements, and recovering from slips, trips and other 

balance perturbations.345,356 With a “perturbation,” such as when an individual encounters an 

obstacle and adjusts or trips or slips, the body’s center of mass (COM) is displaced from its base 

of support. In response, an individual can do two things. First, the individual can generate torque 

at body joints in order to recover the original COM, which requires strength and spatial 

awareness in the hip, ankle, knee, and other joints (which, as noted, are weakened with age and 

thus less reliable among older adults). Because of joint weakness, older adults may rely more on 



 264

hip abductor and other muscles compared to younger adults346 when attempting to maintain a 

stable relationship between the body’s center of mass and its base of support.357 Second, an 

individual can avoid a fall by taking a step or grabbing onto a handrail or grab bar in order to 

establish a new COM,356 requiring rapid reflex and sensory input processing. However, 

compared to younger adults, older adults have greater displacement from COM (postural sway) 

and slower reaction times345,356 and executive processing and so are more likely to fall.  

Together, these problems result in comparative disadvantages for older compared to 

younger adults with respect to fall risks. Because of mobility, postural control, and/or joint 

strength difficulties, older adults respond to balance perturbations more slowly than younger 

adults.94,95 In turn, when perturbations occur, older individuals are likely to often respond by 

taking multiple steps,356,357 a less effective way to prevent a fall after a perturbation than using a 

single step to create a new center of mass.356,357 Many falls and FRIs among older adults are due 

to perturbations in lateral directions.357 With slower reaction times, older adults cannot break a 

lateral fall using their arms and thus often experience hip fractures.94,356,357 Additionally, lack of 

sensation in the feet—more common among older compared to younger adults—can result in 

difficulties with stepping to respond to a lateral or other directional balance perturbation.356 

Gait Difficulties Among Older Adults 

Gait characteristics of older adults are associated with postural balance, other 

sensorimotor factors and with falls.93,94,353 Gait has been described as including multiple 

dimensions: pace, rhythm, variability (fluctuations in gait across multiple strides), asymmetry, 

and postural control.358 Proprioception, postural balance, muscle strength, executive function and 

processing speed, vision, attention, and reaction times can all influence dimensions of gait, 

including gait variability.353,354,358 Gait speed, or pace, is associated with the length of steps in an 
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individual’s gait and the ability to compensate for a balance perturbance. An individual’s 

dynamic gait stability “reflects the simultaneous control of both COM [center of mass] position 

and velocity relative to a moving base of support during a slip.”359 Older adults with slower gait 

speed and less stability have less ability to recover after a slip359,360 and avoid a fall.347 Gait speed 

and stability can also affect older individuals’ self-efficacy with respect to fall-related activity.361 

Knowledge About and Awareness of Fall Risk Factors 

Qualitative interviews have also noted the lack of understanding and information 

associated with falls as well as typically negative expectations about the controllability of future 

events. In a paper by Roe and colleagues297 (pp. 589-90), one woman who experienced a 

fractured femur stated, “I just simply went down, I couldn’t get back up. I think one fall upsets 

the apple cart. This is what I have been afraid of.” A 72 year-old woman stated, “I’ve not fallen 

before, that’s the first time… It really…it unsteadied me. Really it did unsteady me.”297 Another 

individual noted, “Suddenly—I don’t know what happened but I just fell backwards, caught my 

arm on the bannister and landed on the floor.”297 Older adults also raise questions concerning the 

interpretability of falls risk and whether or not specific incidents should suggest changes in fall-

related activities. “If you start being so careful about everything you do you turn out to be a 

doddery old person and that’s the last thing you want, and it’s the last thing you want is for 

people to say ‘be careful, do this’—we don’t want to”105 (p. 514).  

Studies have also observed fears generated by a fall as well as unwillingness to engage 

with potential fall risks. In terms of fears of falling, older adults acknowledge that fears are often 

accompanied by confidence loss and worries about dependency and “falls self-efficacy,” or 

individuals’ beliefs in their ability to avoid falls.43,102,114,116,184,297,362-368 In terms of addressing 

such fears or fall risks, older adults often resist making use of information provided to them 
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regarding prevention. In a qualitative study of older adults, older respondents commented on 

falls and falls prevention: “We don’t really take too much notice of it, only for other people, for 

other disabled or elderly people that we have to watch when we’re—we always watch older 

people anyway;” “If they did [offer advice] I wouldn’t listen to it. In one ear and out the other ... 

I mean one person said to me ‘You should go and see the doctor’, but I said ‘Well, what can he 

do?’”; “the older you get the less you want to be told what to do ... because people get to the age 

of 65 and they know what they are doing”105 (p. 512). 
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Overview of Existing Studies Estimating Fall-related Costs 

Table 8-1. Summary of Selected Fall-related Cost Estimate Studies, Including Information on Geographic Area, Data Source, Fall Definition, Study 

Methods, and Findings 

Author 

(Year) 

Geographic 

Area 

Data and Study 

Participants 

Fall Definition Study Methods Control Variables Findings 

Alexander 
(1992)200 

WA state 1989 WA state (non-VA, 
non-military) discharge 
data 

ICD-9 e-codes 
(880-E889) and 
ICD-9 codes 
(800-904, 910-
957) to identify 
fall-related 
trauma 

Divided patients into six 
mutually exclusive groups, 
including NIFs and FRIs. 
Based cost of falls on 
hospital charges only. 

N/A 5.3% of WA state 
hospital expenditures for 
adults ages 65 years and 
older were attributable to 
FRI-related 
hospitalizations.  

Bohl 
(2010)201 

WA state Group Health’s Western 
Washington Integrated 
Group Practice (Medicare 
Advantage plan) data from 
>40,000 adults 67 years 
and older from Jan. 1, 
2004 through Dec. 31, 
2006 

ICD-9 codes 
(800-848 850-
854, 920-924) 
and e-codes (880, 
881, 884, 885, 
888) to identify 
FRIs. 

Created faller and (age and 
sex frequency-matched) 
non-faller cohorts, where 
index dates for non-fallers 
were randomly assigned 
from matched faller cohort 
members. Assigned 
missing values to costs for 
participants that died 
during study period. Used 
a GEE model with log link 
and gamma distribution. 

RxRisk score 
(adjustment for 
comorbidity based on 
pharmacy utilization), 
age, and sex only. 

Admitted faller costs 
greater than non-
admitted fallers over 
time; in the quarter 
immediately following 
index date, admitted 
faller costs were 15.5 
times as great as non-
fallers ($30,038 vs. 
$1,918); the costs of an 
admitted fall were 2.6 to 
17.4 times as great as 
costs attributable to a 
non---admitted fall; 
annual costs attributable 
to falling are $35,144 for 
admitted and $3,408 for 
non-admitted medical 
falls 

Bohl 
(2012)202 

WA state Same data as Bohl (2010). ICD-9 codes 
(800-848 850-
854, 920-924) 
and e-codes (880, 
881, 884, 885, 
888) to identify 

Same methodology as 
Bohl (2010) except used 
auto-regressive correlation 
matrices that account for 
clustering within study 

RxRisk score 
(adjustment for 
comorbidity based on 
pharmacy utilization), 
age, and sex only. 

Inpatient and post-acute 
care components were 
higher for hospitalized 
falls over time; 
outpatient and other 
components increased 
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Author 

(Year) 

Geographic 

Area 

Data and Study 

Participants 

Fall Definition Study Methods Control Variables Findings 

FRIs. subjects. costs in quarter after fall 
for non---hospitalized 
fallers while outpatient 
and post-acute care 
drove costs following 
index quarter for non-
hospitalized fallers;  

Finkelstein 
(2005)206 

US Used claims data from 
1998 and 1999 Medicare 
FFS 5% SAFs with 
payment data for hospital 
inpatient, outpatient, SNF, 
home health, hospice, 
physician/supplier 
services, and DME 
categories for US adults 
65 years and older. 
Excluded those who died, 
those without complete 
claims data for full study 
period, and those with 
FRI-related claim for first 
3 months of 1998. 

ICD-9 e-codes 
E880-E886 and 
E888 to identify 
FRIs. 

With case-control method, 
used OLS regression to 
compare annual costs for 
those with and without 
FRIs and created non-
faller cohort from sample 
that remained after 
identifying fallers. For 
non-faller cohort, began 
12-month study period 
from median date of FRI 
in 1998 FRI cohort. For 
case-crossover design, 
compared monthly costs of 
those experiencing FRIs 
both before and following 
FRIs. For each model, 
used a GLM with log link 
and gamma distribution. 
Used a variance 
adjustment for case-
crossover design to 
account for clustering 
among individuals. 

Geographic variables, 
demographic 
characteristics (sex, 
age, race/ethnicity, 
reason for eligibility) 
and comorbid 
conditions—Elixhauser 
et al.), 

Using the case-control 
design, 12-month 
hospitalization costs for 
FRI were $22,260 and 
using the case-crossover 
design, they were 
$20,920. 

Finkelstein 
(2007)205 

US Looked at 601,922 
beneficiaries in 2001 
Medicare FFS 5% 
Standard Analytic File. 
Excluded individuals: with 

ICD-9 e-codes 
where fall was 
primary 
diagnosis on e-
code. 

Used a case-crossover 
approach, with OLS 
regression, to compare 
monthly costs before and 
after FRI. To create 

Age, race/ethnicity, 
basis of Medicare 
eligibility (age, 
disability, ESRD), and 
interaction term 

Medical costs associated 
with FRIs among 
individuals 65 years and 
older with mental health 
and substance abuse 
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Author 

(Year) 

Geographic 

Area 

Data and Study 

Participants 

Fall Definition Study Methods Control Variables Findings 

Medicare HMO coverage, 
without full coverage in 
2001, who died, with any 
non-fall injury, with any 
FRI in first 3 months of 
2001. Final analysis 
included 445,152 
individuals, with 22,579 
fallers. 

comparison group, 
identified median date of 
all FRIs and looked at 
non-fallers individual 
medical costs in 12 
months following that 
date. All payments 
converted to 2005 dollars. 

(Alzheimer’s/CD x 
age). 

conditions. Controlled 
for Used 12-month 
Increase in costs was 
$4,100 among older men 
and $5,690 among older 
women. Increased cost 
was $6,040 for men and 
$4,110 for women with 
MH conditions. 

Gannon 
(2008)208 

 

Ireland Used WHO estimates of 
European fall rates. 

ICD-9 codes 
800-829 for 
fractures, 830-
959 with a 
secondary code 
of E880- E886, 
E888 for other 
injuries due to 
falls. 

Estimated societal costs of 
FRIs in Ireland in 2004. 
Used “burden of illness” 
methodology (estimates 
number of fallers, fall 
injuries, and plausible 
healthcare “trajectories” of 
injured and multiplies 
units by unit costs for type 
of treatment. Looked at 
mortality, hospital, 
outpatient, long-term care, 
and caregiving costs, 
among others. 

N/A Estimated baseline cost 
of falls and fractures is 
€404 million. 

Hartholt 
(2011)50 

Holland, 
2003-2007 

Used the Dutch Injury 
Surveillance System to get 
2003-2007 ED and survey 
data on FRIs for adults 
ages 65 and older. 

Unknown Cohort study with 
examined injury incidence, 
discharge rates, healthcare 
costs, and quality of life 
measures. 

Unknown Hip fractures led to total 
healthcare cost of 474 
million Euros, or 21% of 
total healthcare expenses 
due to injuries 

Hendrie 
(2004)210 

Western 
Australia 

Used the Injury Cost 
Database and the Western 
Australian Linked Data 
Project to identify 
population. 

ICD-9 e-codes in 
which cause of 
injury was 
accidental fall 
and principal 
diagnosis was an 
injury or care 
involving use of 

Looked at health system 
costs of falls among 
population of adults 65 
years and older in Western 
Australia, 2001-2. Did not 
follow study population 
outside of hospital and ED 
and thus estimated other 

Appeared to standardize 
fall-related ED and 
hospital utilization rates 
by age and gender.  

Cost of FRIs to the 
health system was $83 
million.  
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Author 

(Year) 

Geographic 

Area 

Data and Study 

Participants 

Fall Definition Study Methods Control Variables Findings 

rehabilitation 
procedures. 

(hospital care, medical 
services, community care, 
residential care and 
ancillary services) costs. 

Heinrich 
(2010)199 

US and int’l Systematic review of 32 
studies (18 in US) through 
June 2009 of cost of falls 
in old age. 

14 of the studies 
used external 
cause of injury 
supplementary 
classification 
system. 

Excluded intervention 
studies. 

N/A Among those 60 years 
and older, $2,044 to 
$25,955 per faller, 
$1,059 to $10,913 per 
fall, and $5,654 to 
$42,840 per hospitalized 
FRI (included 
information from 5 of 23 
studies from non-USA 
studies). (USD PPP) 

Mahoney 
(2005)203 

Wisconsin 1995-2003 WI falls-
related death and injury 
data from WISH, a web-
based interactive query 
system. 

ICD-9 e-codes 
(E880-E886, 
E888). 

Unclear. Appeared to use 
costs from WISH. 

No adjustments—used 
crude rates. 

Average cost per non-
fatal, FRI-related 
hospitalization was  
$12,741 and ED visit 
was $780. 

Rizzo 
(1998)87 

New Haven, 
CT 

Looked at a probability 
sample of 1,436 
community-dwelling 
adults ages 72 years and 
older in New Haven, CT. 
Matched data to the 
Connecticut Long-Term 
Care Registry and HCFA 
records for hospital, ED, 
and home health care for 
1989-1990. 

Self-reported 
falls 

Median follow-up was 12 
months. Physician services 
not included. Used two-
part models controlling for 
a number of 
sociodemographic and 
health indicators to 
estimate one-year costs 
associated with falls. Used 
a non-faller comparison 
cohort, with 12-month 
costs starting from an 
index date, which was the 
median date of the first fall 
amongst the faller cohort.  

Sociodemographic (age, 
gender, race, education, 
income, lives alone, 
type of housing), health 
and functional status 
(ADLs/IADLS, hearing 
or visual impairment, 
number of chronic 
conditions, physical 
performance score, 
depression, cognitive 
status, BMI)  

Non-injurious falls 
increased health care 
costs relative to non-
fallers ($998 hospital 
difference and $2,500 
difference in total costs, 
annually); those with 2 
or more NIFs had 
$4,175 higher hospital 
costs and $11,900 more 
overall; injurious falls 
had $11,042 higher 
hospital costs and 
$19,440 more in total 
costs compared to non-
fallers in a given year. 
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Author 

(Year) 

Geographic 

Area 

Data and Study 

Participants 

Fall Definition Study Methods Control Variables Findings 

Roudsari 
(2005)207 

US 1998 MarketScan 
Medicare Supplemental 
Database, with 
reimbursements from FFS 
and capitated health care 
plans. 

ICD-9 e-codes 
(E880-E888.9) 

Examined actual 
reimbursements (rather 
than medical charges) for 
FRIs among adults 65 
years and older with a 
hospital admissions, ED 
visit, or outpatient visit in 
1998 (did not include 
home care visits). 
Calculated costs for each 
5-year age category and 
for different severity of 
falls. Only 6% of injuries 
had e-codes so they used 
costs (inflated to 2004 
dollars using the CPI-M) 
from FRIs with e-codes as 
representative of injuries 
without e-codes. 
Prevalence-based. 

No adjustments. Mean hospitalization 
cost for FRI was 
$17,483 (SD $ 22,426). 
Mean cost of outpatient 
visit was $412 (SD 
$1,146) and of ED visit 
was $236 (SD $388).  

Scuffham 
(2003)214 

UK  ICD-10 codes 
(W01, W05-
W10, W18, 
W19) 

Estimated 1999 costs (in 
2000 British £) associated 
with unintentional, 
“serious” falls (resulting in 
hospital or emergency 
care) in adults 60 years 
and older. Used unit costs 
for hospital and other care 
and multiplied those unit 
costs by mean reference 
costs for “health related 
groupings” or reference 
costs from “national 
sources.” 

No adjustments. The cost per 10,000 
population was 
£300,000 for those in the 
60-64 age group and 
£1,500,000 for those in 
the ≥75 year old age 
group. Overall, the falls 
cost £981 million. 

Stevens 
(2006)211 

US Used incidence data from 
2000 and 2001 National 

ICD e-codes 
(E880-E886, 

Estimated direct medical 
costs for fatal and non-

Because of case-
crossover approach, did 

Estimated costs were 
$179 million. Did not 
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Author 

(Year) 

Geographic 

Area 

Data and Study 

Participants 

Fall Definition Study Methods Control Variables Findings 

Electronic Injury 
Surveillance System-All 
Injury Program, 2000 
HCUP National Inpatient 
Sample, and 1999 MEPS. 
Excluded 356,000 
individuals in Medicare 
HMO, those without 
complete coverage for 
physician and hospital 
services for full period of 
analysis, and those with 
FRI-related visit in first 3 
months of 1998 (since 
these could have been due 
to FRIs from 1997).  

E888, E957, 
E968.1) 

fatal FRIs for three 
treatment settings among 
U.S. adults 65 years and 
older in 2000. Used case-
crossover approach to 
compare monthly costs 12 
months before and 12 
months after FRI. Costs 
were based on 1998 and 
1999 Medicare FFS 5% 
Standard Analytic Files. 
Used a GLM regression to 
estimate monthly FRI cost 
and summed estimates 
across 12 months. 
Included variance 
correction to account for 
clustering within 
individuals. 

not control for 
demographic 
characteristics or for 
costs associated with 
comorbid health 
conditions. 

estimate costs for 
individuals. 

Takanishi 
(2009)204 

Hawaii Retrospective review of 
patient database from 
Trauma Center, Jan. 1, 
2000 to Dec. 31, 2001 for 
patients 65 years and 
older. 

Authors 
identified falls 
using trauma data 
registry and 
medical records 

Prevalence-based. 
Treatment-related costs. 

Unclear Resources used to treat 
falls among 108 fallers 
amounted to $37,623 in 
charges (SD $20,886), 
less than charges for 
motor vehicle crashes, 
and pedestrians hit by 
vehicles. 
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Background on Medicare Policy as it Relates to Falls  

Current Medicare Coverage Decisions Regarding Falls Prevention and Treatment 

 Unfortunately, current Medicare policy may inhibit improvement in training and 

education, provider assessment of falls risks, and reimbursement for falls prevention efforts—

elements of a broad falls prevention strategy suggested by this dissertation’s findings. Any 

efforts would require coordinated efforts across a range of care settings and changes to existing 

reimbursement policies.  

 First, the range of providers that participate in falls prevention is wide—and inclusion of 

caregivers into falls prevention would require training and awareness of a large set of 

providers.86 Falls prevention may require occupational therapists for environmental assessments 

and modification recommendations,44,369,370 physiotherapists and physiologists leading exercise 

programs and conducting tests of functional mobility, visual acuity, muscle strength, vestibular 

function, and reaction times,337,371 geriatricians, primary care physicians, and nurse practitioners 

providing comprehensive medical assessments,32 pharmacists for medication regimen 

assessments and adjustment and teams of clinicians or other providers for multifactorial 

interventions.45,86 Falls prevention also takes place in medical settings (medication management, 

assessment, therapy) while other work occurs in home or community settings (environmental 

modification, exercise programs, caregiving and other home health care services)86 This study 

also suggests that caregivers may harm or, in some cases, assist in prevention efforts. Overall, 

lack of communication between providers and fragmentation of services across settings 

complicate prevention efforts.86 To address the role of caregivers across these settings (to include 

them in prevention efforts) will require AGS guideline changes and promotion among specialty 

societies of caregivers’ critical role. 
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 An additional concern for falls prevention adopting policy elements suggested by the 

dissertation’s findings is Medicare reimbursement policy. Providers may be more likely to 

include caregivers, to assess falls risks such as depressive symptoms, and to address costly FRI-

related Medicare spending were they provided reimbursement for prevention efforts. However, 

Medicare reimburses “medically necessary and reasonable” services,324 but not prevention 

activities as these activities are not a priori considered medically necessary. As discussed in a 

recent report by American Occupational Therapy Association (AOTA),324 Medicare covers FRI 

treatments such as surgery and rehabilitation for a broken hip, but not non-medically necessary 

geriatric assessments, replacement of durable medical equipment (DME) or bathroom DME, 

such as a grab bar or bathing chair (see p. 5 and pp. 28-33).324  

 The AOTA report also notes that local Medicare coverage determinations by Medicare 

Administrative Contractors typically accept claims for “medically necessary services,” which 

require a diagnosis (indicated by a diagnosis code) as opposed to a symptom. However, there are 

not diagnostic codes for certain falls risks, such as balance problems (even though there are 

diagnoses for gait abnormalities), so an assessment by a physiotherapist of balance issues would 

likely not be reimbursed (though gait abnormalities might be reimbursed). Similarly, contractors 

(i.e., Medicare carriers, as described below) are likely to reject payment for an occupational 

therapy evaluation if the therapist makes recommendations regarding non-covered equipment.324 

Such determinations run counter to evidence for the importance of occupational therapist to falls 

prevention efforts44,369,370 and may discourage therapists from evaluating non-covered 

equipment. Thus, structural reimbursement and third-party contractor issues inhibit ideal 

prevention efforts. 
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 Moreover, in some cases Medicare providers are reimbursed for falls prevention, but 

there are information gaps regarding such reimbursement methods. Under the Physician Quality 

Reporting Initiative (PQRI), physicians are rewarded for reporting quality data that include two 

falls measures, a falls risk assessment and a falls plan of care (that were added as PQRI quality 

reporting measures in 2010).324 The penalty for not reporting PQRI measures in 2015 is 1.5% of 

Part B reimbursements. Providers can also review and be reimbursed for the beneficiary’s 

functional ability and level of safety during Medicare’s annual wellness and be reimbursed for a 

falls risk assessment during the Medicare welcome visit. Providers may additionally be 

reimbursed for falls prevention-related evaluation and management (E&M) services. 

Reimbursement for E&M is likelier when ICD-9 V-codes in the patient record indicate that the 

patient has a fall risk. V-codes indicates the circumstances or problems influencing a person’s 

health status. V-code 15.88 indicates that a patient fell in the past 6-12 months, has falls-related 

risk factors, or has falls-related health behavior.324,372 According to the AOTA report, many 

Medicare providers are unaware of the V-codes, which lessens the likelihood of E&M 

reimbursement for falls prevention. The CDC should work with specialty societies to heighten 

awareness of these V-codes. 

 Finally, additional concerns regarding financial incentives and falls prevention involve 

separate Medicare funding streams for providers associated with falls prevention and fraud and 

abuse. These issue were discussed in depth by Tinetti et al. (2006).86 Medicare reimburses 

hospital payments, rehabilitation, skilled nursing, and certain home health services through Part 

A but reimburses outpatient physician services and outpatient rehabilitation and some health 

services under Part B. Certain of these services are paid for under a fee-for-service 

reimbursement model (e.g., outpatient physician services) while others are paid for under the 
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prospective payment system (e.g., inpatient hospital care and home health). Additionally, 

Medicare uses separate fiscal intermediaries to manage payments for various services. Those 

intermediaries have discretion in making local coverage determinations about covering a 

particular service. These separate and complex funding streams complicate efforts to incentivize 

coordination for falls prevention. To address high costs of FRIs, Medicare should address each of 

these issues in turn. 

Proposals for a Medicare Falls Benefit 

 To address this study’s findings of high FRI-related costs, a Medicare falls benefit may 

be worthwhile. A proposal from Wu et al. (2010) for a Medicare falls benefit is a useful starting 

point.328 The proposed benefit only covered beneficiaries who have a fall in the past 12 months 

(and excludes non-recent fallers or non-fallers due to program cost concerns). It includes a 

detailed assessment by a physician to evaluate the beneficiary’s fall risk and tailored 

multifactorial falls prevention recommendations (functional status, mobility, behavior, 

environmental modifications, medications, etc.), an exercise program referral if requested by the 

physician, plus reimbursement for an additional follow-up visit.328 The study found that the new 

Medicare benefit would cost $1.88 billion (in 2010 dollars),328 which was less than the $2.67 

billion in estimated savings related to the projected reduction in falls (the study assumed an 18% 

reduction in fall risk due to falls prevention interventions). The proposal involving repeated 

physician visits is similar to an idea suggested by Tinetti et al. (2006). They noted that 

implementation of such a policy would depend on whether the physician visits were considered 

treatment or prevention. If the visits were defined as treatment then CMS could design the 

benefit, but if it were defined as prevention, Congressional legislation would be required.86 
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 However, the proposed benefit does not take into account that Medicare may not recoup 

all the costs of such an investment or other concerns regarding falls prevention. For instance, the 

proposed benefit does not cover other providers beyond a primary care clinician, does not 

incentivize or reimburse care coordination across care settings, and does not address the variation 

in local coverage determinations for a number of services that may be referred by the physician 

during these reimbursed physician visits. For instance, under the proposed benefit, were the 

physician to assess a balance problem and then refer the patient to an occupational therapist, a 

recommendation by the therapist for use of a grab bar or other non-covered item or service might 

result in non-coverage for the therapist visit. The proposal also does address the non-coverage 

for a number of DME items that are considered important in the prevention of falls. In fairness, 

there is considerable fraud and abuse with DME that may prevent broader coverage of such 

items.86 

 Additionally, the benefit does not incorporate long-term care costs, which can be 

substantial. Accordingly, Medicaid should be involved in any benefit to ensure that cost-savings 

are achieved in any benefit package. The costs of FRIs observed in this study are substantial. 

When long-term care costs, such as those for institutionalization, are added to the FRI-related 

medical costs reimbursed by Medicare, total costs are likely to be greater. In addition, 

beneficiaries must pay out-of-pocket costs for additional care attributable to FRIs. A benefit 

package through Medicare and Medicaid, developed perhaps by the Center for Medicare and 

Medicaid Innovation (the Innovation Center) and implemented in a five-year demonstration 

program, could be conceived. Developed along the lines of the Affordable Care Act’s 

Independence at Home program, providers could share in any savings if FRI rates are reduced 

through such a benefit. Considerable work would need to be done in developing such a 
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demonstration project but the findings of this study suggest that a population-based approach is 

needed, and a falls benefit is a strong first step in that direction. 

 In summary, there are clearly a number of structural and financial issues to work out, but 

this dissertation suggests several steps forward on falls prevention efforts. First, there should be 

better training and education of caregivers as providers who can manage fall risk. Other 

providers involved in falls prevention should be made aware of caregivers’ critical role and move 

toward a population health prevention strategy, with new guidelines from AGS to incorporate the 

role of caregivers. States and CMS should work to require better, more accurate reporting of 

injury data, including the use of pay-for-performance (or penalties for institutions with 

inadequate reporting). To encourage better harmonization of efforts across care settings—a 

requirement of multifactorial falls prevention efforts—CMS should encourage third-party 

payment administrators to have consistent reimbursement rules for diagnoses related to falls 

prevention, so that providers can be reimbursed for evaluation and management of conditions 

that put individuals at risk for falls. Finally, Medicare should consider a demonstration project 

involving a falls benefit that increases reimbursement for falls prevention efforts by primary care 

and other providers. Falls prevention reimbursement by Medicare and Medicare and Medicaid 

can be a first step in avoiding the substantially increased medical spending of older, community-

dwelling individuals at risk for falls. 

 In light of this dissertation’s findings, providers and policy makers should be aware of the 

critical role of formal and informal caregivers in addressing falls risks among older adults. With 

training, both formal and informal caregivers may be partners to clinicians in social workers in 

assisting care recipients in better adapting to their environments. By including caregivers in 

prevention efforts and following updated AGS guidelines that include depressive 
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symptomatology as a falls risk factors, clinicians may potentially contribute to a reduction in 

community-wide fall risks among older adults. Finally, with modified provider reimbursement 

policies for multi-disciplinary risk prevention based upon updated cost-effectiveness analyses 

indicating the relative benefits to the costs of falls—and, specifically, FRI—prevention, 

Medicare may more successfully avoid substantial FRI-related medical costs and, at the same 

time, help older beneficiaries avoid large out-of-pocket expenditures associated with FRIs.  
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Extended Discussion of Conceptual Framework 

A Brief Overview of the DPM, with Illustrations, and Model Terminology 

Using the original DPM model, Nagi et al. (1976) assessed the relationship between 

individuals’ “performance” on physical and emotional performance dimensions and later 

institutionalization of the individuals.11 The DPM illustrated a pathway linking initial health and 

functioning to disability (these terms, as they are used in the DPM, are defined below).  

Figure 8-1: An Illustration of the Pathway Linking the Four Components of the Disablement Process Model 

 

 

 

The model above shows how the disability process works. As illustrated in Figure 8-1, in 

the DPM, pathology is a “biomedical or physiological abnormality” and can be chronic or acute 

(less than three months in duration), including short-term diseases and injuries such as falls. 

Chronic pathologies include chronic illnesses such as heart disease, diabetes, osteoarthritis, or 

lung cancer. Impairments are “dysfunctions and significant structural abnormalities in specific 

body systems” that can affect physical, mental, or social functioning, including visual, auditory, 

pulmonary, muscular, and circulatory systems. In terms of falls, these would involve problems 

with vision, balance and gait, and muscle strength. Functional limitations are “restrictions in 

performing fundamental physical and mental actions used in daily life by one’s age-sex 

group.”218 In terms of applicability to risks for falls, functional limitations involve the ability to 

reach, stoop, sit for an extended time period, walk a block, use stairs, get out of a chair, and push 

or pull heavy objects. As shown below in Figure 8-2, the model suggests that prevention efforts 

(described by the model’s authors as tertiary or quaternary prevention)1 can prevent disability by 

impeding pathways between the DPM components. 
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Figure 8-2: An Illustration of the Potential Effects of Prevention Efforts along the Disablement Process Model 

Pathway 

Feedback Loops in the DPM 

However, the model also suggests that falls are preventable. As shown in Figure 8-3 

below, a revised DPM illustrates “feedback loops” from disability to impairments, limitations, 

and/or pathology. Verbrugge et al. revised the DPM (1994)373 to incorporate “feedback effects” 

between disability and its precursors. The pathway toward disability can be influenced by factors 

associated with older individuals’ themselves and by physical and social environments. Thus, 

chronic and acute pathologies may lead to later disability among older adults, disability, or other 

components of the disablement process can also feed back to chronic and acute pathologies. An 

inability to reach or stoop, difficulty getting in or out of bed, or having heart disease, could lead 

toward disability and loss of independence as well as directly to falls. The revised DPM thus 

illustrates the significance of prevention to sustain and/or restore function among those with 

functional limitations or disabilities.109 Moreover, the model highlights how the physical and 

social environment can impact disablement. Thus, caregivers may lower the likelihood of 

feedback loops resulting in acute pathologies, while mismatches between environmental 

demands and personal capacity can result in emotional distress. 

Figure 8-3: An Illustration of Disablement Process Model “Feedback Loops” Whereby Falls Can Result from 

Disablement 
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Additional Predictor Variables in the DPM and an Illustration of the Model 

The DPM also involves a number of additional predictors. (These predictors are not 

shown in models above, but can be observed in model illustrations in Verbrugge et al.’s work.109) 

Verbrugge et al. labeled the predictor variables in the DPM (a) “extra-individual” factors, such as 

external support and assistance and (b) “intra-individual” factors, such as psychosocial attributes 

and coping mechanisms. The authors of the DPM alternatively labeled these risk factors as 

“factors influencing capability” and “factors influencing environmental demand.”373 Factors 

influencing the environment are: home modifications, activity accommodations, personal 

assistance, assistive devices, and psychosocial attributes and coping. Factors influencing 

personal capability are: medical care and rehabilitation, medications and therapeutic regimes, 

and lifestyle and behavioral changes. 

Thus, the disablement process can be considered to involve an initial health/functioning 

status, and a number of factors that can potentially result in disablement, including falls. Those 

falls in turn can lead to further disablement including emotional distress.  

An Overview of P-E Fit Theory 

P-E Fit theory emerged from research in the field of environmental gerontology 

developed and furthered by Lawton and others217,374-380 and implicates both the physical 

“competence” of individuals and several types of environmental characteristics (including 

physical and social environmental characteristics) as factors contributing to individual 

“performance.” In Lawton and Nahemow’s earlier (1973) ecological theory of aging, from which 

P-E Fit theory is derived, both environmental “press” and personal competence together are 

implicated in how well individuals perform and thus jointly affect older individuals’ health 

outcomes.74,216 An individual’s competence can just meet the environment’s press, resulting in 
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sub-optimal performance, whereas with environmental stimulation the individual is challenged to 

improve her competence, potentially resulting in optimal performance. Thus, increased press can 

both improve performance by requiring improved competence as well as negatively affect 

performance by over-stimulating the older individual with too many environmental challenges.  

Three Environmental Functions under P-E Fit Theory and Ecologic Theory of Aging 

There are three ideas in P-E Fit theory and the press-competence model applicable to falls 

in this dissertation, specifically with respect to caregiving assistance and emotional distress. 

These environmental functions are (1) maintenance, (2) stimulation, and (3) support.74,216,380 

Table 8-2 below summarizes these environmental functions and their applicability to falls.  

In terms of the first function, in a familiar environment, it is easier for older adults to 

perform everyday activities and maintain physical and emotional functioning. Thus, familiar 

environments are conducive to maintenance. In terms of the second function of the environment, 

with changes in external stimulation, such as increased activity levels, putting more demands on 

the individual can increase environmental press. In other words, with increased press, an older 

adult must adjust her level of competence to compensate or risk maladaptive behaviors and/or 

negative affect.216 Thus, increased stimulation can result in improved, and even optimal, 

performance though over-stimulation can result in sub-optimal performance or maladaptive 

behavior or affect. In terms of the third function of the environment, the presence of increased 

external support, such as assistance with daily activities, medications, removal of environmental 

hazards, transportation, or emotional support, can reduce environmental press.  

As an illustration of these environmental functions in terms of an older adult’s 

performance, Lawton (1985)376 noted that an older individual can manipulate the nature of her 

physical environment in order to preserve the maintenance and stimulation functions of the 
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environment while maintaining performance levels. For instance, when faced with an over-

stimulating environment, an older individual can create a “multiplex environment.” Such an 

environment is one in which individuals restrict the physical living space (such as only engaging 

in activities on one floor of a home) while preserving the maintenance function of the 

environment and potentially preserving the stimulation function of the environment.  

Table 8-2 Description of the Three Functions of the Environment (Maintenance, Stimulation, and Support) in 

the Press-Competence Model and Applications of these Functions to Falls 

 Maintenance Stimulation  Support 

Description of 
Environmental 
Function 

Continuity of the 
environmental space in 
which the older individual 
operates allows for 
familiarity, comfort, and 
security that can prevent 
accidents and injury 

Environmental stimulation can propel 
older individuals to improve their 
personal competence and thus their 
overall performance (behavioral and 
emotional adaptation) 

Support from others can 
allow older individuals 
to better manage and 
operate within their 
environment as well as 
to improve their 
personal competence 

Application to 
Falls 

New environments may 
reduce familiarity, comfort, 
and security and thus result 
in more “risky” activities 
and behavior because of lack 
of understanding of the risks 
posed by the environment. 
These activities and 
behaviors could result in 
greater fall risk 

Greater levels of stimulation, such as 
a household with stairs or a 
neighborhood with walk pathways, 
could encourage greater exercise and 
activity, potentially improving or 
optimizing individual competency. 
Too much stimulation could result in 
hazards for the older individual while 
too little stimulation could result in 
decreased competency and personal 
hazards. These hazards, both 
environmental and personal, could 
increase fall risk 

Support from other 
individuals, including 
caregivers, could assist 
older individuals in 
avoiding risky behaviors 
and activities and in 
encouraging stimulating 
activities that directly or 
indirectly reduce fall 
risk 

 

Transactional Versus Interactive Relationships in P-E Fit Theory 

Different types of P-E fit measures have been developed around two dimensions—

transactional and interactive. A transactional model incorporates press and competence as 

independent predictors of adaptation, A = f(P,E), where A is adaptation, P is personal competence 

and E is environmental press, while interactive models include interaction terms, A = 

f(P,E,PxE).217 For further discussions of transactional versus interactive versions of P-E fit, see 

Wahl and Weisman (2003)380 and Wahl, Iwarsson, and Oswald (2012).217 Lawton and 
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Nahemow’s (1973)74 press-competence model and more recent P-E fit studies381 have used a 

transactional framework, while other models use instruments to measure P-E 

interactivity.61,70,217,319,382-384 

Expanded Definition of the Environment under P-E Fit Theory 

P-E Fit theory adds to the press-competence model by expanding the definition of the 

environment. Building on the ecologic theory of aging’s press-competence model, P-E Fit theory 

additionally incorporates “subjective experiences in affective and cognitive terms, personal 

meanings, and attachment217 (p. 2). While P-E Fit theory similarly illustrates the importance of 

fit between individual and environment components72,319,385-387 it also allows for physical, 

personal, small-group, suprapersonal, and social elements within the model’s environmental 

component.72,319,385-387 As an illustration of a purely physical environmental risk factor for falls, 

where a fall-prone older individual might confront risks when using shag carpeting or poor 

lighting in her home, the individual might respond by physically removing or otherwise 

addressing those risks. This would reduce physical, environmental demand. However, the 

individual could address other, non-physical environmental factors. Certain, social 

environmental factors can affect health-related behavior and outcomes. In terms of falls, the 

social environment would appear to influence cognitive, informational, and behavioral aspects of 

aging. For instance, the presence and positive and negative support of family members, friends, 

and/or caregivers would likely influence the activities in which older individuals engage 

(affecting precipitating factors), health behaviors, medication use, via the maintenance, 

stimulation, and support functions of the environment. The utility of these types of social support 

and implications for fall risks are discussed in greater detail below. 



 286

P-E Fit Theory and Falls: Falls as Consequences and Predictors of Performance 

In terms of its application to falls, P-E Fit theory can help explain why such events might 

occur among older adults, plus the relevance of caregiver support in predicting and emotional 

distress as an outcome of the events. First, in terms of usefulness in predicting falls, P-E Fit 

theory has already been associated with outcomes such as disability, physical and social well-

being, and falls among older adults,69,71,72,319 so its use in the context of falls is not new. 

Maladaptive physical and emotional responses that can lead to falls require more than just 

changes in physical performance or environmental hazards, per this theory--which may explain 

why environmental hazards alone do not consistently predict falls, as observed earlier.46,62,65-68 

Instead, where an older adult is unable to obtain a maximal or even satisfactory fit between 

personal performance and environmental demands, maladaptive behaviors and affect can ensue. 

Behaviors can be thought of as physical exercise, smoking, drinking, and diet, as well as 

activities like climbing stairs, pushing and pulling and reaching for objects, etc. Fall risks involve 

activities such as climbing, pushing, and pulling, so the performance concept of P-E Fit theory 

captures some of the main drivers of fall risk.  

More specifically, P-E Fit theory’s conceptualization of person-environment fit affecting 

performance seems to explain several, specific pathways linking older adults to falls. The 

pathways between P-E Fit and falls occur: (a) directly due to poor adaptation, whether behavioral 

(health- or activity-related) or emotional, or (b) indirectly due to health conditions and/or 

functioning, such as chronic illnesses, sensory impairments, or functional limitations. In terms of 

(a), poor adaptive behavior might directly lead to falls. Imagine an older adult who previously 

managed moving around her house without assistance from others but begins having difficulty 

using the stairs perhaps due to deterioration in eyesight (a reduction in personal competence). A 
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maladaptive response would be for the individual to continue using the stairs, a risk behavior 

could result in an NIF and/or FRI. Moreover, even if the individual did not fall, this mismatch 

between performance and environmental demand could result in emotional distress. On the other 

hand, environmental demand would be reduced by installing a guardrail and improving the 

lighting and/or by the individual using corrective lenses or restricting activity to one level of the 

household. In terms of (b), failure to improve performance or reduce environmental demand as 

suggested could result in physical and/or emotional strain. Such strain could indirectly lead over 

time to use of medications and deteriorating health and functioning that increase fall risk.  

Caregiver Support and Falls and Falls and Emotional Distress under P-E Fit Theory 

The importance of the social environment in P-E Fit theory suggests the potential 

influence of caregiver support in terms of fall risk and the potential for increased depressive 

symptoms among fallers. Caregiver support conceivably is implicated in physical and social 

environments. In terms of the three aforementioned environmental functions, caregiving should 

affect maintenance, stimulation, and support. Social cognitive theory suggests that individuals, 

their environment, and health behaviors are interrelated388 such that individuals’ behaviors may 

reflect or be influenced by their physical and social environments. These interrelationships 

involve health behaviors impacted by the physical features, activities and individual roles of 

family members, friends, peers, and the individual of interest within those environments.299 

Observational learning, or the process by which individuals learn in and from their environment 

by watching others’ actions, can reinforce positive behaviors.299,388 Thus, caregivers should 

provide maintenance, stimulation, and supportive functions by transmitting information, 

supporting older individuals with limited cognitive abilities, and affecting behaviors and 

activities. By addressing the P-E fit of the older individual, caregivers can reduce fall risk. 
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Further, by assisting older individuals who have already fallen and thus indicated a poor P-E fit, 

caregivers can improve this fit and improve emotional adaptation. Similarly, as shown with the 

arrow leading from falls to P-E Fit, falls should have a relationship with fit (worse fit), which in 

turn affects emotional affect (increased depressive symptoms). 

Extended Discussion of Motivational Locus of Control Theory 

Rothbaum and colleagues389 suggested that control is a two-process system. In this 

schema, primary and secondary controls are joint strategies to motivate management of the 

environment, potentially benefitting physical and emotional health outcomes. Primary control is 

active problem-solving while secondary control strategies are cognitive, emotion-focused, and 

directed toward the self. Primary control “has greater adaptive value to the individual”1 (p. 285), 

but secondary control can motivate individuals to reestablish primary control and agency and 

implicates the environment as a more powerful force than the self.389 With secondary control, 

some older individuals may adjust well to restricted environments (e.g., a nursing home, living 

with children) or roles (having a caregiver, going out less often) by comparing their own 

limitations to those of other, older individuals.1 Thus, even where accepting limitations in 

personal performance, certain older adults who resort to secondary control can reestablish some 

primary control within a more limited environmental “system.”376 

Motivational locus of control theory thus offers insights into falls’ predictors and 

outcomes because of the importance of this primary and secondary control for behavioral choices. 

As older adults age, efforts to address and control the external environment can be undertaken, 

which can reduce fall risks. On the other hand, many community-dwelling older adults who 

ignore environmental threats exhibit dysfunctional primary control and thus increase fall risks. 

Secondary control strategies such as accepting physical and cognitive limitations can also be 
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applied and can improve behavioral outcomes while restricting environmental interactions. 

Altered engagement with the environment may include decreased independence, such as through 

receipt of caregiving or other support services or adoption of assistive technology use and efforts 

to recognize and reduce fall risks. Where both primary and secondary control is unsuccessful, 

environmental threats may surpass individual capacity, resulting in falls, disability, as well as 

stress and increased depressive symptoms. As inability to engage successfully with health 

threats—particularly acute health threats390—can result in maladaptive outcomes, it is possible 

that a cycle of spiraling loss of control, falls, and stress may compound one another over time, 

leading to poor health outcomes. 

Motivational Locus of Control Theory and Falls 

There are at least several applications of the locus of control theory1,8 to understanding 

falls. First, control strategies are suggestive in light of older adults’ efforts (or lack of efforts) to 

reduce fall risk, where many older adults have illusory expectations regarding fall risk (i.e., 

attribute falls to “chance”), rationalize away risk, or avoid preventive efforts due to fears of 

losing autonomy.102,105,110,297 Heckhausen and Schulz1 note how control can be “veridical” or 

illusory (where events are ascribed to chance)391 and vary by degree of functionality. Older 

adults may exhibit illusory beliefs and overestimate their control when they do not consider 

themselves “fallers” even after falling or refuse to participate in falls prevention 

activities.102,105,110,297,298 Such beliefs may be functional in the short-term by promoting activity 

and health and may buttress short- and long-term benefits for autonomy, by avoiding the need for 

supportive services, personal care, or even institutionalization. On the other hand, illusory beliefs 

about risks can result in “risky” behaviors (or failure to modify the environment) leading to falls. 

Veridical but non-functional control can also lead to further falls because older adults can be 
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discouraged by unsuccessful efforts at controlling risk. Additionally, those individuals who 

experience depressive symptoms may overestimate their ability to control events, which may 

result in a greater propensity for fall-related activities.392 Thus, control theory helps describe 

certain older adults’ inability to recognize or control fall risk. 

 Second, the locus of control theory provides a taxonomy for understanding efforts to 

reassert control, in which primary and secondary control strategies are both used to engage in fall 

prevention strategies. The motivational life-span theory of control1 suggests that as they age, 

older adults increase use of secondary control while primary control remains constant. Thus, 

older adults are more likely to use emotion-regulating than problem-solving strategies as they 

deal with environmental, social, and health-related issues.1 This requires emphasis on accepting 

activity, role limitations, and recognition of “failure” in fulfilling certain objectives. By 

comparison, children and younger adults routinely accept failures in efforts to master skills and 

engage in activities and are less selective in their efforts to control the environment. This 

selectivity allows individuals to “specialize” (as opposed to diversify) their activities, which is 

something seen in successful falls prevention strategies.22,24,45,68,81,83,96,298,337,393-398 Evidence also 

suggests that, while older adults may modify their home environment or engage in preventive 

efforts,63 those who experience a fall often restrict activities and limit roles.43,116 
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Additional Information Regarding the HRS 

Re-interviewing of Study Participants 

HRS re-interviewed all persons who were originally interviewed at the study’s baseline. 

The study’s baseline was 1992 for the HRS cohort, 1993-94 for the AHEAD cohort, 1998 for the 

CODA and WB cohorts, and 2004 for the EBB cohort. Spouses and partners of respondents 

interviewed in prior waves are re-interviewed in subsequent waves, while new spouses/partners 

are added to the sample and are also re-interviewed in future survey waves. For respondents who 

died between survey waves, the HRS attempted to obtain exit interviews with a proxy informant 

(a former spouse, if possible). Respondents who died and for whom an exit interview was 

obtained and those who requested removal from the sample were not re-interviewed (1,763 

persons out of a total of roughly 31,000 persons were removed for one of these two reasons as of 

the 2008 survey wave). The number and percentage of respondents dropped from the sample at 

each wave are low, ranging from 11 to 396 respondents (or .09% to 3.65%) for the HRS cohort, 

3 to 88 (.13% to 2.34%) for the AHEAD cohort, and less than 50 respondents (less than 2.2% 

and generally below 1.0%) for the CODA, WB, and EBB cohorts.  

Death, Proxy Interviews, and Nursing Home Respondents 

 The HRS tracks deaths of respondents where interviewers are unable to reach a 

respondent during a survey wave using confirmation from a spouse or other close family member 

in an exit interview. In cases where confirmation cannot be obtained, the HRS uses other 

tracking resources including confirming use of the Social Security Death Index (since the year 

2000). Exit interviews have been conducted in every wave starting in 1994. 

 Proxy informants were used in a number of interviews where an individual could not do 

so because of physical or cognitive limitations (since the 1995 AHEAD interviews, low scores 
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on cognitive tests are used to identify cases where proxy informants would be beneficial) or 

where a person does not wish to participate but allows for a proxy informant to answer questions 

on his/her behalf. Proxy informants are also used after a targeted respondent has died. The 

percentages of total core interviews done by proxy informants ranged from 5.1% in 1992 to 

11.2% in 2002. The AHEAD cohort had the highest percentages of proxy informant interviews, 

ranging from 9.4% in 1992 to 19.2% in 2008. Nursing home residents were excluded from 

baseline samples of each cohort, but those individuals who moved to nursing homes following 

the baseline wave remained in the sample. Many respondents who moved to a nursing home after 

the baseline wave were interviewed with proxy informants. Roughly two percent of the total 

HRS sample (including all study cohorts) was interviewed (or their informants were interviewed) 

in nursing homes.  

Sampling of Racial/Ethnic Minority Populations 

The HRS aims to provide data on minority populations for research purposes. 

Accordingly, HRS oversampled Black and Hispanic populations in most of the recruitment 

cohorts. In the HRS, AHEAD and EBB cohorts, Blacks and Hispanics are oversampled at a rate 

of about 2 to 1 relative to their distribution in their respective age groups in the population.  

HRS Study Cohorts: Sampling, Eligibility, and Response Rates 

In describing sampling strategies, eligibility, and response rates, this section closely 

adheres to descriptions provided by the HRS.231 Thus, for more complete information, please 

refer to HRS reference materials cited throughout this chapter. The HRS core sample for the first 

study cohort in 1992 was selected using a four-stage probability sample design. This core sample 

included all adults born in the contiguous United States who were born between the years 1931 

and 1941 (including the years 1931 and 1941) and who lived within a household (and thus not 
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within in an institution, such as a nursing home) at the time of the survey. In the core sample, 

each HRS household unit contained at least one age-eligible member (see above for age 

requirements for the samples). In generating the core sample in 1992, the HRS initially screened 

69,337 housing units. Of those initial housing units, 9,419 (14%) units were removed from the 

sample because it was determined that the units were either unoccupied or were not households. 

After removal of those units, the core sample was left with 59,918 households. An additional 214 

households were removed from the core sample because members of those households were 

determined to be ineligible for the study. The removal of these households resulted in a core 

sample of 59,704 households. The initial sampling resulted in a screening response rate of 99.6% 

for the HRS and AHEAD cohorts and for part of the CODA cohort.231  

Screening for the HRS cohort resulted in 15,497 eligible household respondents (from 

59,704 eligible household units). These respondents included individuals who were identified in 

the screening as well as spouses or partners of those individuals, regardless of the year of birth of 

those spouses or partners. Of the initial 15,497 eligible household respondents, 12,652 persons 

from 7,704 households were interviewed. Thus, the HRS study cohort had an 81.6% response 

rate. The AHEAD cohort was partially identified through the 1992 household screening, as 

described above. However, Medicare enrollment files were used to identify approximately half 

of the AHEAD cohort—those individuals born before 1914. In the AHEAD cohort, 8,222 

respondents were interviewed from 6,046 households. Thus, the AHEAD cohort had an 80.4% 

response rate. The fourth cohort—the WB cohort—was also identified with the 1992 household 

screening procedures described above. The WB response rate was 70%. 

Each of the CODA (the third cohort) and EBB (the fifth cohort) cohorts was identified 

using other methods than those used to identify the first three cohorts. The CODA cohort was 
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identified from the Medicare enrollment file, but excluded certain spouses and partners. As 

discussed in HRS’ Sample Sizes and Response Rates,231 many of the members of the CODA 

cohort were already included in the HRS and AHEAD cohorts as spouses or partners of 

individuals identified as eligible for those cohorts. Therefore, the HRS excluded from the WB 

cohort and future cohorts those individuals with spouses and partners who were born before 1924 

or between 1931 and 1947. The response rate for the CODA cohort was 72.5%. The EBB cohort 

was identified through the screening of 38,385 households, in which eligibility was established 

for 91.3% of screened households. Of these eligible households, 4,420 individuals from 2,755 

households were eligible for the study. The HRS completed interviews with 3,330 of these 

individuals (75.3% individual response rate) in 2,154 households (78.2% household response 

rate). Accounting for the screening responses (4,420 individuals and 2,755 households), response 

rates were 68.7% for individuals and 71.4% for households. 

A table with survey response rates across study cohorts by survey wave is provided 

below (see Table 8-3). Response rates provided below exclude those who requested to be 

removed from the HRS sample.  According to the HRS documentation, re-interview response 

rates were more stable than the baseline response rates.231 

HRS Participant Lifestyle Questionnaire: Sampling, Eligibility, and Response Rates 

For the 2004 and 2006 PQ surveys, response rates were as follows: For 2004, among 

respondents who finished the core HRS interview, the PQ response rate was 76.8%. Given that 

the 2004 core HRS response rate was 88.9%, the overall response rate for PQ respondents in 

2004 was 68.3%.233 For 2006, the response rate was approximately 82%. Given that the 2006 

core HRS response rate was 90% for those assigned to receive an enhanced interview, the overall 

response rate for PQ respondents in 2006 was approximately 74%.  
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Table 8-3. Health and Retirement Study Survey Response Rates Across Study Samples (Cohorts) and Waves 

Sample Wave 1 Wave 2 Wave 3 Wave 4  Wave 5  Wave 6 Wave 7  Wave 8  Wave 9 

HRS          

Number of cases 15,497 12,777 12,622 12,202 11,762 11,230 10,835 10,026 9,587 

Number of respondents 12,652 11,420 10,964 10,584 10,044 9,724 9,362 8,879 8,493 

Response rate 81.6% 89.4% 89.6% 86.7% 85.4% 86.6% 86.4% 88.6% 88.6% 

Year 1992 1994 1996 1998 2000 2002 2004 2006 2008 

AHEAD          

Number of cases 10,229 7,554 6,512 5,526 4,559 3,766 2,979 2,362  

Number of respondents 8,222 7,027 5,951 5,000 4,107 3,365 2,700 2,142  

Response rate 80.4% 93.0% 91.4% 90.5% 90.1% 89.4% 90.6% 90.7%  

Year 1993 1995 1998 2000 2002 2004 2006 2008  

CODA          

Number of cases 3,200 2,300 2,140 1,973 1,770 1,608    

Number of respondents 2,320 2,124 1,951 1,777 1,618 1,454    

Response rate 72.5% 92.3% 91.2% 90.1% 91.4% 90.4%    

Year 1998 2000 2002 2004 2006 2008    

WB          

Number of cases 3,619 2,652 2,630 2,612 2,539 2,488    

Number of respondents 2,529 2,410 2,384 2,295 2,237 2,165    

Response rate 69.9% 90.9% 90.6% 87.9% 88.1% 87.0%    

Year 1998 2000 2002 2004 2006 2008    

EBB          

Number of cases 4,420 3,461 3,433       

Number of respondents 3,330 3,035 2,963       

Response rate 75.3% 87.7% 86.3%       
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Sample Wave 1 Wave 2 Wave 3 Wave 4  Wave 5  Wave 6 Wave 7  Wave 8  Wave 9 

Year 2004 2006 2008       

Source: HRS Source: HRS Sample Sizes and Response Rates231 
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Merging of Datasets 

In order to construct datasets for this study, I use the RAND HRS dataset and merge it 

with RAND HRS Fat Files and HRS Core files to construct a composite HRS dataset with all 

HRS variables necessary for completing the study (i.e., I add in a number of HRS Core files with 

information about respondent physical health and functioning, cognition, pain and depression, 

caregiving, home safety features, and medication use, among others) (see Table 8-4 below). In 

particular, two of the HRS Core files contained in each survey wave for survey years 2000-2010 

are labeled Functional Limitations and Helpers (Respondent)” file (hereafter referred to as 

“Helper Respondent” files) and “Functional Limitations and Helpers (Helper)” file (hereafter 

referred to as “Helper” files). These Helper files provide information about the types of 

caregivers and caregiving received by the survey respondent.   

As discussed in further detail below, merging these Core files with the same-year RAND 

HRS Fat Files as well as the RAND HRS dataset was a complex undertaking due to the structure 

of the Helper Files. In the Helper Files, each respondent can have more than one helper, or 

caregiver (and as many as seven for each activity limitation). To merge these 2000-2010 Helper 

Files with the other RAND files, I created a single respondent-level observation containing all 

caregiver information (i.e., that contained all combinations of help needed and caregiver 

information, including average weekly number of caregiving hours provided). Using the unique 

survey respondent identifier, rahhidpn, I then merged this information with the HRS Fat File for 

each survey wave. Finally, for each survey year, once all variables were coded in the merged 

HRS Core and RAND HRS Fat File dataset, I then constructed variables indicating the average 

weekly hours of receipt of caregiving (formal, informal, type of family caregiver, etc.) for all 

survey respondents in a given year. In this manner, I was able to assign zero values for the 
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average weekly hours of receipt of caregiving for those respondents who did not report having 

received care during the past 30 days.   

Because of the complex structure of the Helper File, it was not possible to simplify the 

coding procedure by combining and coding all Helper Files, then combining and coding all Fat 

Files, then merging recoded Helper/Fat Files. (It is not possible to merge multiple Helper Files 

given that respondents could have many helpers in multiple survey waves—this would create a 

many-to-merge that would be overly difficult, if not impossible, to manage.) Thus, each year of 

survey data had to be coded separately in the manner described above (see Table 8-4 below). 

For ease of interpretation, I label as Dataset 1a the composite dataset that includes the 

2000-2010 HRS Core, the 2000-2010 RAND HRS Fat Files, and the RAND HRS, version L 

data.  Dataset 1a is used for a number of analyses for Study Aim 1. I sometimes split up this data 

in order to perform analyses for the dissertation’s first research question. For instance, since I 

stratify by cognitive impairment status to test hypotheses about differential associations between 

levels of caregiving receipt and fall/FRI risk, I split Dataset 1a into two pieces—one of these 

pieces included only respondents with cognitive impairment while the other only included 

respondents without cognitive impairment. For the second research question, I use the same data 

elements (Core, RAND HRS Fat Files, and RAND HRS version L), but incorporate data from 

survey waves going back to 1994. For ease of interpretation, I label this dataset (with data from 

years 1994-2010) Dataset 1b. 

I then merged Dataset 1b with the Medicare summary claims files using unique (de-

identified) Medicare beneficiary numbers provided by HRS. I label this Dataset 2, which was 

used in the third research question as well as for sensitivity analyses for the second research 

question.  
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Table 8-4. Construction of Study Datasets Using Health and Retirement Study (HRS) Core, RAND HRS Fat, and RAND HRS, version L Files 

Objective Step A Step B Step C Step D Format  

1. Code Helper 

Variablesa 

Infile HRS Core datasets 
(2000-2010) from 
University of Michigan’s 
Health and Retirement 
Study. Generate unique 
identifiers (rahhidpn) that 
can be used later to merge 
the Helper Files with 
other datasets. 

For each survey year, code 
caregiver-respondent relationships, 
frequency of care provided, or 
relationship category (type of 
family or non-family caregiver and 
formal or informal caregiver). 

Initially data is in wide 
format such that survey 
respondents have 
information in multiple 
rows of each Helper File. 
Once 1B is complete, 
reshape data from long to 
wide format.  

Once Objective 2 is complete, 
using egen commands code 
average weekly number of 
caregiver hours received by 
respondent, by type of 
caregiver-respondent 
relationship. 

Wide 

2. Code Fat File 

Variables 

Infile RAND HRS Fat 
File datasets (1992-2000.) 

For each survey year, code 
variables used in Study Aims 1-3 
that are not included in the RAND 
HRS version L dataset, such as 
medication use, information used to 
construct the scale measuring 
depressive symptoms, falls and FRI 
information, vision and hearing, and 
pain. 

  Wide 

3. Code the 

Leave-Behind 

Psychosocial 

Surveysb 

Infile the 2004 and 2006 
Psychosocial (“PQ”) 
Surveys 

Code PQ variables (e.g., self-
mastery, constraint, neighborhood 
social cohesion) by creating scales 
and reverse coding variables where 
necessary. 

  Wide 

4. Merge Helper 

and Fat Files 

Separately for 

Each Year 

For each survey year from 
2000-2010, merge the 
recoded Helper and Fat 
Files. 

As noted in 1D, after merge is 
completed for each survey year, 
then additional caregiver variables 
are coded. 

Generate “Wave” 
indicators for each 
completed Helper/Fat File 
(e.g., for 2000, Wave 5=1 
and for 2010 Wave 
10=1). 

 Wide 

5. Merge the 

Helper/Fat Files 

and then Merge 

Combined Files 

with PQ File 

Merge the 2000-2010 
Helper/Fat Files (for 
Dataset 1a) and then the 
1992-1998 Fat (for 
Dataset 1b) Helper/Fat 
Files with the 2004/2006 

Reshape data from wide to long 
format (by respondent and by 
Year). 

  Long 
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Objective Step A Step B Step C Step D Format  

PQ Files. 

6. Code the 

RAND HRS, 

Version L Dataset 

(and add the 2010 

Cognitive 

Impairment 

Data) c 

Infile the RAND HRS, 
version L dataset. Merge 
it with the 2010 cognitive 
impairment data, which 
was not available in 
RAND HRS, version L. 

Code the RAND HRS variables, 
such as sociodemographic, health 
status (chronic conditions, activity 
limitations, depressive symptom 
levels), and nursing home status; 
construct new variables for 
analyses, such as disability status 
and count of chronic conditions). 

Reshape data from wide 
to long format. 

Merge recoded RAND HRS 
data with data from 5B 
(Helper/Fat/PQ dataset). Keep 
data if Wave indicator from 
4C equals 1. Thus each 
respondent has one row (and 
only one row) of data for each 
year that (s)he completed the 
HRS interview. 

Long 

7. Construct Final 

Datasets with 

Data for 

Community-

Dwelling Older 

Adults 

Use dataset from 6D and 
remove observations for 
respondents ≤65 years 
old. 

Use dataset from 7A remove 
observations from respondents 
living in a nursing home at the time 
of the HRS interview. 

  Long 

8a. Create Lag 

Variables for Use 

in Analyses 

Using dataset from 7B, 
set data as “panel data” 
using xtset command in 
which time intervals are 2 
years apart. 

Generate lag variables (in which the 
lag period is 2 years) for each 
variable in the dataset, with the 
exception of the outcome variable 
(type of fall) [Dataset 1a]. 

Also construct alternative 
datasets that include only 
cognitively impaired (CI) 
and non-CI respondents 
[subsets of Dataset 1a]. 

 Long 

8b. Impute 

Variables 

(Including Lag 

Variables) for 

Use in Sensitivity 

Analyses 

Using dataset from 7B, 
check for missing 
variables. 

For variables that are missing, 
register them as “impute” variables; 
for variables that are not missing, 
register them as “regular” variables. 

Using iterative chained 
imputation (ICE) methods 
with separate equations 
for “impute” variables 
(ologit, poisson, and 
truncreg) and using 
“regular” variables as 
predictors, impute values 
for variables with missing 
values. 

Generate lag variables using 
mi passive command. 

Long 

Note: Data downloads available at http://hrsonline.isr.umich.edu/index.php?p=showcbk 
a The 2000-2010 HRS Core Helper Files were H00E_HP.dta, H02G_HP.dta, H04G_HP.dta, H06G_HP.dta, H08G_HP.dta, and H10G_HP.dta. 
b The 2004 and 2006 leave-behind psychosocial surveys were H06LB_R.da and H08LB_R.dta. Although the data are labeled as being from 2006 and 2008, the “Guide to Content 
of the HRS Psychosocial Leave-Behind Participant Lifestyle Questionnaires: 2004 &2006” indicates that data are from years 2004 and 2006.233 
c The RAND HRS, version L dataset is rndhrs_l.dta. The cognitive impairment data is COGIMP9210ERA_R.dta. 
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Survey Questions Used in Measurement Model 

Table 8-5. Health and Retirement Study Survey Questions Related to Variables Used in Measurement Models   

Socioeconomic variables—These are all RAND HRS variables. 

Age  Age at the end of the interview. “According to HRS , when there are different beginning and ending interview dates, most of the 
interview is usually conducted on the ending date. Thus it is probably best to use” the age at the interview end date. See RAND 
HRS Data Documentation, p. 119. 

Gender  See RAND HRS Data Documentation, p. 120. Male is the reference category. 

Marital status  Several questions are used for this variable. One example: Just to clarify, are you currently separated, divorced, widowed, or have 
you never been married? 

Response options in survey are married, married, spouse absent, partnered, separated, divorced, separated/divorced, widowed, 
and never married. See RAND HRS Data Documentation, p. 149. Final categories are married/partnered (reference category), 
single (separated/divorced or widowed), and never married. Single and never married dummy variables are included in model 
specifications. 

Race/ethnicity  What race do you consider yourself to be: White, Black or African American, American Indian, Alaska Native, Asian, Native 
Hawaiian, Pacific Islander, or something else? 

Response options are White/Caucasian, Black/African American, and Other; and Hispanic and non-Hispanic. “Other” includes 
American Indian, Alaskan Native, Asian, and Pacific Islander; however, these responses are masked (collapsed to protect 
participant confidentiality). Beginning in Wave 8 (2006), the respondent can report up to three races and then select the race that 
is considered the primary race. See RAND HRS Data Documentation, p. 123. Final categories are non-Hispanic White (reference 
category), African-American, Hispanic, and Other race/ethnicity. African-American, Hispanic, and Other are included as dummy 
variables in model specifications. 

Educational level  What is the highest grade of school or year of college you completed?  

Response options are less than high school, GED, high school graduate, some college, college and above. Some college includes 
if the respondent has a high school diploma or GED and more than 12 years of education or if the degree is less than a BA or 
“other.” See RAND HRS Data Documentation, p. 139. Final categories are less than high school (reference category), high 
school or GED, some college, and college and above. High school/GED, some college, and college and above are included as 
dummy variables in model specifications. 

Total household income  Sums income in the household (across the spouse and respondent). This includes (for both respondent and spouse) income 
earnings, household capital income, pension and annuity, SSI and Social Security Disability, Social Security Retirement, 
unemployment and Worker’s Compensation, other government transfers, and other household income. See RAND HRS Data 
Documentation, p. 787. 

Net assets (total wealth) Composed of: the respondent’s primary and secondary residence, the net value of real estate, vehicles, businesses, IRA/Keogh 
accounts, stocks and mutual funds, checking, savings, and money market accounts, CDs, government savings bonds, and treasury 
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bills, bonds or bond funds, and other savings. To compute the respondent’s total wealth, the sum of the following resources are 
subtracted from the above value: the reported or imputed value of all mortgages, the sum of home equity line of credit balance 
and other home loans, and the reported or imputed value of debt. 

Working for pay status Binary variable derived from the question, “Are you currently working for pay?” Working but not for pay is coded as not 
working for pay. 

Caregiver assistance variables 

Helper questionsh General prompt on helper questions: Let's think for a moment about the help you receive that we just talked about. 

Helper relationshipi Who most often helps you with [getting across a room/dressing/bathing/eating/getting (in/out of) bed/using the toilet?  

Frequency of help givenj During the last month, on about how many days did [helper] help you? 

Number of hours of help On the days [helper] helps you, about how many hours per day is that? [Less than hour = 1] 

Medication Use Variable 

Use of psychiatric 
medications 

Do you now take tranquilizers, antidepressants, or pills for nerves? [yes/no] 

Sensory Impairments 

Vision Is your eyesight excellent, very good, good, fair, or poor using glasses or corrective lenses as usual? Scores range from 1-6 where 
1 = excellent, 2 = very good, 3=good, 4=fair, 5=poor, 6=legally blind. 

Hearing Hearing was measured with the question, “Is your hearing excellent, very good, good, fair, or poor (using a hearing aid as 
usual)?” Scores range from 1-5 where 1=excellent, 2=very good, 3=good, 4=fair, 5=poor. 

Cognitive Statusg Mental status summary score (from RAND HRS, see p. 588 of Data Documentation, Version L): 0-15 range includes serial 7’s 
test, backwards counting from 20, date, object, and President/Vice-president naming256 

Serial 7’s Test Now let’s try some subtraction of numbers. One hundred minus 7 equals what?... This is the second subtraction. And 7 from 
that?... This is the third subtraction. And 7 from that? … This is the fourth subtraction. And 7 from that?... This is the fifth 
subtraction. And 7 from that? Certain values were imputed in the HRS dataset. (The interviewer does not repeat the difference 
said by the respondent after each trial.)244 

Backwards counting from 20 For this next question, please try to count backward as quickly as you can from the number I will give you. I will tell you when to 
stop. Please start with 20. (Code correct if respondent counted backwards from 19 to 10 or from 20 to 11 without error). 
Respondent has two attempts to correctly count backwards for 10 continuous numbers. Two points are given if successful on the 
first try, one if successful on the second, and zero if not successful on either try. Certain values were imputed in the HRS dataset. 

Date naming The respondent is asked to report today’s date correctly, including the day of month, month, year, and day of week, respectively. 
(“Please tell me today’s date.” The interviewer can probe the respondent with the following questions: “The date is:” and “The 
day is:” Each of these four answers is coded as a 1 for a correct answer and 0 for an incorrect answer. Certain values were 
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imputed in the HRS dataset. 

Object naming What do you usually use to cut paper? What do you call the kind of prickly plant that grows in the desert? 

Vice-president/President 
naming 

Who is the President of the United States right now? Who is the Vice-president? 

Functional Limitations 

Difficulty with Functional 

Limitations 

We need to understand difficulties people may have with various activities because of a health or physical problem. Please tell 
me whether you have any difficulty doing each of the everyday activities that I read to you. Exclude any difficulties that you 
expect to last less than three months. [yes/no] 

Walking several blocksa Because of a health problem do you have any difficulty with walking several blocks? 

Jogging 1 mile Because of a health problem do you have any difficulty with running or jogging about a mile? 

Walking 1 block Because of a health problem do you have any difficulty with walking one block? 

Sitting 2 hours Because of a health problem do you have any difficulty with sitting for about two hours? 

Getting up from chair Because of a health problem do you have any difficulty with getting up from a chair after sitting for long periods? 

Climbing stairsb Because of a health problem do you have any difficulty with climbing several flights of stairs without resting? 

Climbing 1 flight of stairs Because of a health problem do you have any difficulty with climbing one flight of stairs without resting? 

Stooping Because of a health problem do you have any difficulty with stooping, kneeling, or crouching? 

Reaching arms Because of a health problem do you have any difficulty with reaching or extending your arms above shoulder level? 

Pull/push large object Because of a health problem do you have any difficulty with pulling or pushing large objects like a living room chair? 

Lifting weights Because of a health problem do you have any difficulty with lifting or carrying weights over 10 pounds, like a heavy bag of 
groceries? 

Picking up dime Because of a health problem do you have any difficulty with picking up a dime from a table? 

Chronic Conditionsf—Note: Respondents can be told that medical doctors include specialists such as Dermatologists, Psychiatrists, Ophthalmologists, 
Osteopaths, Cardiologists, as well as family doctors, internists and physicians' assistants. Also include diagnoses made by Nurses and Nurse Practitioners. 
Respondents answer Yes/No to these questions. 

Arthritis Have you ever had, or has a doctor ever told you that you have arthritis or rheumatism?  

Stroke Have you ever had, or has a doctor ever told you that you had a stroke? 

Heart condition Has a doctor ever told you that you had a heart attack, coronary heart disease, angina, congestive heart failure, or other heart 
problems? 
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High blood pressure Has a doctor ever told you that you have high blood pressure or hypertension? 

Diabetes Has a doctor ever told you that you had diabetes or high blood sugar? 

Disability 

Activities of Daily Livingb [Yes/no] 

Dressing Because of a health or memory problem do you have any difficulty with dressing, including putting on shoes and socks? 

Walk Because of a health or memory problem do you have any difficulty with walking across a room? 

Bathing Because of a health or memory problem do you have any difficulty with bathing or showering? 

Eating Because of a health or memory problem do you have any difficulty with eating, such as cutting up your food? 

Getting in/out of bed Because of a health or memory problem do you have any difficulty with getting in or out of bed? 

Toilet Because of a health or memory problem do you have any difficulty with using the toilet, including getting up and down? 

Help with Activities of Daily Livingc  [Yes/no] 

Dressing Does anyone ever help you dress? 

Walk Does anyone ever help you get across a room? 

Bathing Does anyone ever help you bathe? 

Eating Does anyone ever help you eat? 

Getting in/out of bed Does anyone ever help you get in or out of bed? 

Toilet Does anyone ever help you use the toilet? 

Instrumental Activities of Daily Livingd [Yes/no] 

Meal preparation Because of a health or memory problem do you have any difficulty with preparing a hot meal? 

Grocery shopping Because of a health or memory problem do you have any difficulty with shopping for groceries? 

Making phone calls Because of a health or memory problem do you have any difficulty with making phone calls? 

Taking medication Because of a health or memory problem do you have any difficulty with taking medications? 

Managing money Because of a health or memory problem do you have any difficulty with managing your money—such as paying your bills and 
keeping track of expenses? 

Help with Instrumental Activities of Daily Livinge  [Yes/no] 

Meal preparation Does anyone ever help you prepare hot meals? 
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Grocery shopping Does anyone ever help you shop for groceries? 

Making phone calls Does anyone ever help you make telephone calls? 

Taking medication Does anyone ever help you with taking medications? 

Managing money Does anyone ever help you manage your money? 

Physical and Social Environment 

Special features for getting 
around 

Sometimes buildings have special features to help older or disabled persons get around.  Does your (house or 
apartment/house/apartment) have features such as a ramp, railings, or modifications for a wheelchair? [Yes/no] 

Special safety features How about special features to safeguard older or disabled persons -- does your (house or apartment/house/apartment) have 
features such as grab bars, a shower seat, or a call device or another system to get help when needed? [Yes/no] 

Positive Social Support How much do they really understand the way you feel about things? [1=not at all, 2=a little, 3=some, 4=a lot] 

 How much can you rely on them if you have a serious problem? [1=not at all, 2=a little, 3=some, 4=a lot] 

 How much can you open up to them if you need to talk about your worries? [1=not at all, 2=a little, 3=some, 4=a lot] 

Negative Social Support How often do they make too many demands on you? [1=not at all, 2=a little, 3=some, 4=a lot] 

 How much do they criticize you? [1=not at all, 2=a little, 3=some, 4=a lot] 

 How much do they let you down when you are counting on them? [1=not at all, 2=a little, 3=some, 4=a lot] 

 How much do they get on your nerves? [1=not at all, 2=a little, 3=some, 4=a lot] 

Neighborhood Social 
Cohesion 

Items are scored with a 7-point scale (1-7 where 7 is greatest neighborhood social cohesion and 1 is lowest cohesion) for each 
statement. Statements are: “I really feel part of this area/I feel that I don’t belong in this area;” “Most people in this area can be 
trusted/Most people in this area can’t be trusted;” “Most people in this are friendly/Most people in this are unfriendly;” and “If 
you were in trouble, there are lots of people in this area who would help you/If you were in trouble, there is nobody in this area 
who would help you.” Scores are reverse coded so that a score of 1 indicates agreement with the second part of each statement 
and a score of 7 indicates agreement with the first part of each statement. 

Depressive Symptoms—Introduction to all depressive symptoms questions: Now think about the past week and the feelings you have experienced. Please tell 
me if each of the following as true for you much of the time during the past week. Much of the time during the past week, … [Yes/no] 

 You felt that everything you did was an effort. Would you say yes or no? 

 Your sleep was restless. You were happy. Would you say yes or no? 

 You were happy. Would you say yes or no? 

 You felt lonely. You were happy. Would you say yes or no? 
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 You enjoyed life. You were happy. Would you say yes or no? 

 You felt sad. You were happy. Would you say yes or no? 

 You could not get going? You were happy. Would you say yes or no? 

 You had a lot of energy. You were happy. Would you say yes or no? 

Note: Potential Responses for functional limitations, difficulties with and help for activities of daily living (ADL) and instrumental activities of daily living (IADL) questions: 
Yes/No/Can’t do/Don’t do, Don’t know/Refused/Inapplicable or partial interview. Survey questions regarding age, gender, marital status, race/ethnicity, educational level, and 
household income are not listed in the above table. Those variables were taken from the RAND HRS (version L) dataset, which “cleans” the original HRS (“Core HRS”) datasets. 
Thus, further information for those variables can be found both in the RAND HRS data documentation. The original questions used to collect information for those variables can 
be found in the HRS data documentation (http://hrsonline.isr.umich.edu/index.php?p=showcbk). 
a Individuals responding anything but “No” to the question about having difficulty walking several blocks are not asked the following question regarding difficulty with running or 
jogging about a mile. Thus, any individuals who did not respond “No” (i.e., responded either “Yes,” “Can’t do,” “Don’t do,” “Don’t know,” or “Refused” to the walking several 
blocks question were coded as having difficulty jogging 1 mile. See the HRS data documentation for further information. For instance, see variable MG002 in the 2010 HRS 
“Functional Limitations and Helpers (Respondent)” File. (http://hrsonline.isr.umich.edu/modules/meta/2010/Core/codebook/h10g_ri.htm) Similarly, respondents who report no 
difficulty climbing several flights of stairs were not asked if they could climb 1 flight of stairs and thus were recorded as not having any difficulty climbing 1 flight of stairs. These 
criteria for asking the ADL questions involve what is called the “Nagi checkpoint” in the HRS. The Nagi checkpoint refers to the functional limitations listed above. 
b At the Nagi checkpoint, those respondents with one or more limitations move on to the next set of questions about ADL. All individuals with zero limitations at the Nagi 
checkpoint are not asked about ADL limitations (but are asked about IADL limitations). Additionally, those individuals reporting one limitation at the Nagi checkpoint are then 
asked the first question about ADLs—whether or not the respondent had difficulty with getting dressed. If the individual responds no, then no further ADL questions are asked of 
the respondent, whereas if the respondent answers yes, then the rest of the ADL questions are asked. Finally, any individual who reported having spent ≥86 nights in a nursing 
home during the past 2 years is not asked the ADL questions. Individuals who are not asked the ADL questions are coded as having no ADL difficulties, with the exception of 
individuals who reported having spent ≥86 nights in a nursing home during the past 2 years. Individuals who reported one functional limitation at the Nagi checkpoint but no 
difficulty with getting dressed are also coded as having no ADL difficulties. 
c Anyone reporting having difficulty with an ADL is asked whether or not (s)he received help with that activity. As discussed above, however, individuals reporting not having any 
functional limitations or having one functional limitation but no difficulty dressing are not considered to have ADL difficulties and thus are coded as not receiving any help with 
those ADLs. 
d Respondents are asked questions regarding IADL difficulties regardless of whether or not they “passed” the Nagi checkpoint (i.e., whether or not they had functional limitations) 
and whether or not they had any ADL difficulties. 
e Respondents who reported IADL difficulties that were not due to health or memory problems were not coded as having received help for an IADL. See the HRS data 
documentation (e.g, variables MG042-MG043 in the 2010 “Functional Limitations and Helper (Respondent)” file. 
(http://hrsonline.isr.umich.edu/modules/meta/2010/Core/codebook/h10g_ri.htm)  
f For the chronic condition questions, a respondent’s is the same as in the prior survey wave if the respondent was interviewed in the prior wave and reported having had or not 
having had that condition unless the respondent disputes having had that condition. If the respondent disputes the assigned status from the prior wave, then the respondent is coded 
according to the newly reported status. For example, if the respondent reported having had diabetes in the 2000 survey, the respondent is considered to still have had diabetes as of 
the 2002 survey (if the respondent participates again in the 2002 survey) unless the respondent disputes the 2000 reported diabetes status, in which case the respondent can switch 
the 2002 status to not having had diabetes.  
g According to the RAND HRS data documentation, from Wave 4 (1998) forward, “respondents 65 years and older who had a prior interview skipped the date, object, and 
President/Vice-president naming and vocabulary tasks” (see page 538 of “RAND HRS Data Documentation, Version L”).256 For additional information on these cognitive status 
measures, see Wallace et al. (2005).244  
h Responses to these helper questions are found in HRS’ “Functional Limitations and Helper (Helper)” files 
(http://hrsonline.isr.umich.edu/modules/meta/2010/Core/codebook/h10g_vi.htm, for the 2010 Helper file). 
i The respondent can list up to 7 helpers for each ADL. 
j The respondent is allowed to answer this question in terms of (a) days in the last month, (b) days per week, and (c) every day. 
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Table 8-6. Health and Retirement Study Survey Questions Related to Non-injurious Fall and Fall-related Injury Variables fro Years 1993-2010   

 Fall # Times Fallen Injury Broken Hip 

1993 Have you fallen down in the last 12 
months? (V274) B11 

 In that fall, did you injure 
yourself seriously enough 
to need medical treatment? 
B11A 

Have you ever fractured your hip? B12 

1995 Have you fallen down IF Q370 IS (1) 
since (Wav 1 Interview Month-
Year)? ELSE in the last 2 years? B12 

How many times have you fallen IF 
Q370 IS (1) since (Wave 1 Interview 
Month-Year? ELSE in the last 2 
years? B12A 

In (any of these falls/that 
fall), did you injure 
yourself seriously enough 
to need medical treatment? 
B12B 

IF Q370 IS (NE1) Have you ever 
fractured your hip? ELSE WAVE 1 
[Q118-W1 BROKEN HIP V277] Have 
you fractured your hip since we talked in 
(Wave 1 Interview Month-Year)? B13 

1996 Have you fallen down... IF Q370 IS 
(1) ...(since (previous wave interview 
month-year))? ELSE ...in the last two 
years? B12 

How many times have you fallen... IF 
Q370 IS (1) ...(since (previous wave 
interview month-year)) ELSE ...in the 
last two years? B12A 

IF Q879 IS (1) In that fall, 
did you injure yourself 
seriously enough... ELSE 
In any of these falls, did 
you injure yourself 
seriously enough... ...to 
need medical treatment? 
B12B 

IF Q370 IS (NE 1) Have you ever 
fractured your hip? ELSE PREV WAVE: 
[Q118-PREV WAVE BROKEN HIP 
V277] Have you fractured your hip since 
we talked (in (previous wave interview 
month-year))? 

1998 Have you fallen down IF Q682 IS (1)  
(since [Q218-PREV WAVE IW 
MONTH] [Q219-PREV WAVE IW 
YEAR])?  ELSE in the last two 
years? B12* 

How many times have you fallen IF 
Q682 IS (1) (since [Q218-PREV 
WAVE IW MONTH] [Q219-PREV 
WAVE IW YEAR])? ELSE in the last 
two years? B12A* 

IF Q1207 IS (1) In that 
fall, did you injure 
yourself seriously enough 
ELSE In any of these falls, 
did you injure yourself 
seriously enough END to 
need medical treatment? 

IF Q682 IS (NE1) Have you ever 
fractured your hip?           ELSE 
PREVIOUS WAVE: [Q239-PREV 
WAVE BROKEN HIP] Have you 
fractured your hip since we talked (in 
[Q218-PREV WAVE IW MONTH] 
[Q219-PREV WAVE IW YEAR])? 

2000 Have you fallen down IF Q753 IS (1) 
since [Q218-PR218.PREV WAVE 
IW MONTH]                   [Q219-
PR219.PREV WAVE IW YEAR]?  
ELSE in the last two years? 

How many times have you fallen IF 
Q753 IS (1) since [Q218-
PR218.PREV WAVE IW MONTH] 
[Q219-PR219.PREV WAVE IW 
YEAR]? ELSE in the last two years? 

IF Q1340 IS (1) In that 
fall, did you injure 
yourself seriously enough 
ELSE In any of these falls, 
did you injure yourself 
seriously enough END to 
need medical treatment? 

IF Q753 IS (NE1) Have you ever 
fractured your hip? ELSE PREVIOUS 
WAVE: [Q239-PR239.PREV WAVE 
BROKEN HIP] Have you fractured your 
hip since we talked (in [Q218-
PR218.PREV WAVE IW MONTH] 
[Q219-PR219.PREV WAVE IW YEAR] 
)? 

2002 Have you fallen down (since [PREV 
WAVE IW MONTH], [PREV 
WAVE IW YEAR]/since         

How many times have you fallen 
(since [PREV WAVE IW MONTH], 
[PREV WAVE IW YEAR]/since 

In that fall, did you injure 
yourself seriously 
enough/In any of these 

Have you fractured your hip since we 
talked ([in [PREV WAVE IW MONTH], 
[PREV WAVE IW YEAR]/in [PREV 
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[PREV WAVE IW YEAR]/in the last 
two years]/in the last two years)? 

[PREV WAVE IW YEAR]/in the last 
two years]/in the last two years)?  

 

falls, did you injure 
yourself seriously enough) 
to need medical treatment? 

WAVE IW YEAR]/'])?/Have you ever 
fractured your hip?) 

 

2004 Have you fallen down  ([since 
[PREV WAVE IW MONTH], 
[PREV WAVE IW YEAR]\since         
[PREV WAVE IW YEAR]\in the last 
two years]\in the last two years)? 

How many times have you fallen  
([since [PREV WAVE IW MONTH], 
[PREV WAVE IW YEAR]\since 
[PREV WAVE IW YEAR]\in the last 
two years]\in the last two years)? 

(In that fall, did you injure 
yourself seriously 
enough\In any of these         
falls, did you injure 
yourself seriously enough) 
to need medical treatment? 

  Have you fractured your hip since we 
talked ([in [PREV WAVE IW MONTH], 
[PREV WAVE IW YEAR])?\Have you 
ever fractured your hip?) 

 

2006 Have you fallen down  [[[since 
[PREV WAVE FIRST R IW  
Month], [Previous Wave          First R 
Interview Year]/[Prev Wave Iw 
Yr]/since [Previous Wave First R 
Interview          Year]/[Prev Wave Iw 
Yr]/in the last two years]]/in the last 
two years] ? 

How many times have you fallen  
[[[since [PREV WAVE FIRST R IW  
Month], [Previous Wave First R 
Interview Year]/[Prev Wave Iw 
Yr]/since [Previous Wave First R 
Interview Year]/[Prev Wave Iw Yr]/in 
the last two years]]/in the last          
two years]?  

[In that fall, did you injure 
yourself seriously 
enough/In any of these 
falls, did you injure 
yourself seriously enough]  
to need medical treatment? 

Have you fractured your hip since we 
talked ([[in [PREV WAVE FIRST R IW 
Month], [Previous Wave First R 
Interview Year]/[Prev Wave Iw Yr]/in 
[Previous Wave First  R Interview 
Year]/[Prev Wave Iw Yr]]])?/Have you 
ever fractured your hip?] 

 

2008 Have you fallen down [[[since 
[PREV WAVE FIRST R IW MO], 
[PREV WAVE FIRST R IW          
YEAR]/since [PREV WAVE FIRST 
R IW YEAR]/in the last two 
years]]/in the last two years]? 

How many times have you fallen 
[[[since [PREV WAVE FIRST R IW 
MO], [PREV WAVE FIRST R IW 
YEAR]/since [PREV WAVE FIRST 
R IW YEAR]/in the last two 
years]]/in the last two years]? 

[In that fall, did you injure 
yourself seriously 
enough/In any of these 
falls, did you injure 
yourself seriously enough] 
to need medical treatment? 

Have you fractured your hip since we 
talked ([[in [PREV WAVE FIRST R IW 
MO],  [PREV WAVE FIRST R IW 
YEAR]/in [PREV WAVE FIRST R IW 
YEAR]]])?/Have you ever fractured your 
hip?] 

2010 Have you fallen down [[[since 
[PREV WAVE FIRST R IW MO], 
[PREV WAVE FIRST R IW          
YEAR]/since [PREV WAVE FIRST 
R IW YEAR]/in the last two 
years]]/in the last two years]? 

How many times have you fallen 
[[[since [PREV WAVE FIRST R IW 
MO], [PREV WAVE FIRST R IW 
YEAR]/since [PREV WAVE FIRST 
R IW YEAR]/in the last two 
years]]/in the last two years]? 

[In that fall, did you injure 
yourself seriously 
enough/In any of these 
falls, did you injure 
yourself seriously enough] 
to need medical treatment?  

[PREVIOUS WAVE: Yes/No. Have you 
fractured your hip since we talked ([[in 
[PREV WAVE FIRST R IW MO], 
[PREV WAVE FIRST R IW YEAR]/in 
[PREV WAVE FIRST R IW 
YEAR]]])?/Have you ever fractured your 
hip?] 
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Imputation for the First Study Question  

The initial dataset had 45,187 potential observations and Model 1 included 44,690 

observations (person-waves). Thus, a complete-case analysis using Model 1 would result in 497 

dropped observations. I used imputation using chained equations (ICE), which generated 20 

completed datasets using chained imputations. The chained imputation allowed me to estimate 

multiple model types on subsets of the data and filled in “missing values in multiple variables 

iteratively by using chained equations”256 (p. 137). The ICE method is also known as imputation 

using fully conditional specification (FCS).256,399 This method uses all variables to predict the 

imputed variable in a series of iterative prediction equations. Thus, a number of variables with 

missing values can be imputed simultaneously. I primarily used those variables included in the 

model specification in Model 1 as registered variables for ICE. However, in addition to variables 

from Model 1, I included several variables that are used in sensitivity analyses (which are 

described below). I specified the following models in imputing values for specific variables: 

• A logit model to impute use of psychiatric medications; 

• An ordinal logit model to impute type of fall; 

• A poisson model to impute household income, count of functional limitations and 

number of chronic conditions; and 

Predictor variables in each of these equations were the imputed variables listed above 

plus the two categorical caregiver predictor variables (levels of formal and informal caregiving), 

age, gender, race/ethnicity, and education. Data were imputed in “long” format (meaning that 

separate rows contain respondent observational information for each study year). In this way, 

observational data from prior years can be used to predict variable values in later years. I used 

Stata’s mi passive command, which uses previously imputed data to generate lag variables 
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necessary for the model estimation. That is, the lagged variables used in the main, non-imputed 

Model 1 (as described above), can only be constructed with this imputation process following 

imputation of missing values for model covariates. Finally, after imputing five datasets including 

the fall outcome variables and lagged predictor variables, Stata’s mi command uses the 

completed dataset to estimate the MP model; Stata specifies the MP model on each of the five 

imputed datasets and then pools the results.256 
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Assumptions of the Cross-lagged Panel Model 

There are several assumptions that should be met in order for the cross-lags (i.e., the 

structural coefficients indicating the associations between NIFs and depressive symptoms and 

between FRIs and depressive symptoms) to be appropriately estimated and interpreted. As noted, 

the cross-lagged panel analysis assumptions are a) synchronicity and b) stationarity, plus 

assumptions about correlations. Synchronicity means that both variables of the pair for which 

structural coefficients are estimated (i.e., NIFs and depressive symptoms or FRIs and depressive 

symptoms) are measured at the same time. In this study, at the time of the interview, survey 

respondents are asked to recall and report whether they had a NIF or an FRI since the time of the 

prior survey, or during the past two years and whether they experienced depressive symptoms 

during the past week (relative to the time of the interview) (as discussed in Chapter 3). Thus, 

there is no way of knowing whether the falls occurred at the same time as the depressive 

symptoms. Any fall may have occurred prior to the presence of depressive symptoms, 

particularly if the presence of depressive symptoms during the past week is evidence of an acute 

and temporary, rather than long-standing, symptomatology. On the other hand, if a respondent 

reports the presence of depressive symptoms during the past week, this may also be evidence of 

depressive symptomatology that extends back during the prior two-year period and thus may be 

synchronous with a fall event.258  

 The assumption of stationarity requires that the structural equations for each of the 

variables remain same at each time point in the cross-lagged analysis. That is, the loadings of the 

indicators on the latent variables (e.g., depressive symptoms) should be the same over time. In 

some cases, perfect stationarity (or the same factor loadings at each time point) is not achieved; 

instead, the model can have quasi-stationarity indicating that the loadings change by a constant 
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factor across time periods.258 Models should also preferably have correlations between 

synchronous variables that are at least moderately correlated in order to demonstrate a temporal 

relationship between variables.258 Finally, cross-lagged panel models should have relatively large 

sample sizes because of the low power of the test used to compare the cross-lags.258 See Kenny 

et al. (1979) for additional information on cross-lagged analysis assumptions.258 

 In the models that I estimated, perfect stationarity was not achieved between the loadings 

of the depressive symptoms indicators on the latent variables for years 2006, 2008, and 2010. 

However, loadings (as indicated in the standardized output of the SEMs) were similar. For 

instance, in the NIF model, the unstandardized loadings of the second parceled indicator 

(D1_year) were 1.570, 1.521, and 1.484, respectively, for 2006, 2008, and 2010. The third 

parceled indicator unstandardized loadings were 1.608, 1.520, and 1.423, respectively, for those 

three years. The fourth parceled indicator unstandardized loadings were 1.954, 1.707, and 1.652, 

respectively, for those three years. (Note that the unstandardized loading for the first indicator is 

set to one and thus is not estimated in the SEM.) The slight decreases in the loadings across each 

year for each of the indicators were, with one exception, generally fairly constant across time 

periods. That is, the loadings for the second indicator decreased by 3.1%6 between 2006 and 

2008 and by 2.4% between 2008 and 2010. The loadings for the third indicator decreased by 

5.5% and 6.4% between 2006 and 2008 and between 2008 and 2010, respectively. These 

decreases were fairly constant. However, the loadings for the fourth indicator decreased by 

12.6% and 3.2% between 2006 and 2008 and between 2008 and 2010, respectively. For these 

reasons, the loadings of the indicators for depressive symptoms in each of 2006, 2008, and 2010 

were not constrained to be equal but were estimated separately. 

                                                        
6 (1.570-1.521)/1.57 = 0.031 or 3.1% 
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Estimated Covariances in SEMs 

 I estimated covariances in the fall SEMs to account for potential, direct associations 

between observed indicators that are not accounted for via indirect associations between latent 

variables (that are indicated by the observed variables).400 These covariances were suggested by 

SEM modification indices, but also were estimated because such covariances appeared 

plausible.400 Specifically, I estimated the covariances (a) parceled indicators between years in 

2006, 2008, and 2010 and (b) between parceled indicators for depressive symptoms within years 

in each of 2006, 2008, and 2010 (additional details are below). Thus, for instance, the first 

parceled indicator for 2006 depressive symptoms—the first parcel includes the two observed 

variables indicating whether or not a respondent reported being (1) happy and (2) enjoying life 

during the past week (see Tables 5-1 and 5-2 above)—was allowed to covary with the same first 

parceled indicator of depressive symptoms in 2008.   

 Statistically significant parameter estimates for the pathways between depressive 

symptoms in 2006 and 2008 and between the first parcel indicator for each of 2006 and 2008 

depressive symptoms would indicate that levels of respondent happiness and enjoyment vary 

over time both due to (a) indirect pathways via an association between depressive symptom 

levels in 2006 and 2008 and (b) direct pathways between happiness and enjoyment independent 

of the association between depressive symptom levels in 2006 and 2008. I decided to allow for 

these and other parceled indicators to covary because it seemed plausible that such direct 

pathways exist. That is, levels of happiness and enjoyment among older adults may covary over 

time in a manner that is unrelated to levels of depressive symptoms.  

 Similarly, I allowed the first parceled indicator in each year to covary with the second 

parceled indicator in each year. (The second parceled indicator includes reported sadness and 
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loneliness in the past week. See Tables 5-1 and 5-2 above.) This means that average reported 

scores of happiness and enjoyment covary with average reported scores of sadness and loneliness 

outside of their relationship explained by depressive symptom levels. Again, such covariance 

seemed plausible.  

 Note that double-sided arrows indicate covariances in Figures 5-1 and 5-2 above. Figure 

5-2 above shows covariances between a number of latent variables (e.g., between each pair of the 

2006 latent variables social support, neighborhood social cohesion, and poor health) as well as 

between FRIs and depressive symptoms in each of 2006, 2008, and 2010. However, for the 

purposes of clarity, Figure 5-2 does not show additional estimated covariances between the 

following indicators: 

• The first parcel indicator (D1_6 in Figure 5-2) with the second parcel indicator (D2_6) 

for depressive symptoms in each of 2006, 2008, and 2010; 

• The third parcel indicator (D3_6 in Figure 5-2) with the fourth parcel indicator (D4_6) 

for depressive symptoms in each of 2006, 2008, and 2010; 

• The first parcel indicator in 2006 with the first parcel indicator in 2008 and 2010, 

respectively, and the first parcel indicator in 2008 with the first parcel indicator in 2010; 

• The second parcel indicator in 2006 with the second parcel indicator in 2008 and 2010, 

respectively, and the second parcel indicator in 2008 with the second parcel indicator in 

2010; 

• The third parcel indicator (respondent felt unmotivated and had restless sleep in the past 

week) in 2006 with the third parcel indicator in 2008 and 2010, respectively, and the third 

parcel indicator in 2008 with the third parcel indicator in 2010; 



 315

• The fourth parcel indicator (respondent felt depressed and felt everything was an effort in 

the past week) in 2006 with the fourth parcel indicator in 2008 and 2010, respectively, 

and the fourth parcel indicator in 2008 with the fourth parcel indicator in 2010. 

 

Table 8-7. Observed Indicators Included in Each Parcel in Each Year (2006, 2008, and 2010) 

Indicator Name (Parcel) Description of indicators in parcel 

D1_year (a) Felt happy and (b) enjoyed life 

D2_year (a) Felt sad and (b) felt lonely 

D3_year (a) Felt unmotivated and (b) had restless sleep 

D4_year (a) felt depressed and (b) felt everything was an effort 
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Table 8-8. Estimated Covariances Between Parcels Including Observed Indicators, as Indicated by an ‘X’ 

 D1_2006 D2_2006 D3_2006 D4_2006 D1_2008 D2_2008 D3_2008 D4_2008 D1_2010 D2_2010 D3_2010 D4_2010 

D1_2006  

D2_2006 X  

D3_2006             

D4_2006   X          

D1_2008 X            

D2_2008  X   X        

D3_2008   X          

D4_2008    X   X      

D1_2010 X    X        

D2_2010  X    X   X    

D3_2010   X    X      

D4_2010    X    X   X  
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Additional Study Results 

Table 8-9: Multinomial Probit Output Indicating the Coefficients and Marginal Probabilities (MP) of Fall Outcomes (No Fall, Non-Injurious Fall, Fall-Related 

Injury) Associated with Selected Model Predictor Variables for Community-Dwelling Older Adults Using an Alternative Caregiver Definition, 2000-2010 

 Non-Injurious Fall  Fall-Related Injury 

β (SE) a p MPb   β (SE) a p MPb  

Unadjusted Percentages  (reference: no fall, 67.6%) 22.1%   10.4%  

Weekly caregiver hours        

Formal hours (reference: 0 hours)         

>0-10 -0.29 (0.14) 0.03 -0.061 **  0.03 (0.14) 0.83 0.018  

>10 -0.29 (.15) 0.05 -0.044   -0.40 (0.16) 0.01 -0.036 * 

Informal hours (reference: 0 hours)      

>0-10 0.16 (0.05) <0.001 0.028 **  0.17 (0.05) 0.001 0.015 * 

>10-30 0.08 (0.06) 0.17 0.112   0.15 (0.07) 0.036 0.016  

>30 0.07 (0.07) 0.33 0.007   0.15 (0.07) 0.04 0.018  

Cognitive impairment 0.12 (0.07) 0.10 0.013   0.30 (0.08) <0.001 0.034 ** 

Age (continuous, ≥65) 0.26 (0.002) <0.001 0.002 ***  0.03 (0.002) <0.001 0.003 *** 

Male (reference: female) 0.07 (0.03) 0.01 0.028 ***  -0.27 (0.03) <0.001 -0.038 *** 

Race (reference: White         

African-American -0.22 (0.04) <0.001 -0.030 ***  -0.39 (0.05) <0.001 -0.038 *** 

Hispanic -0.13 (0.05) 0.01 -0.026 **  -0.06 (0.06) 0.34 -0.001  

Other -0.19 (0.07) 0.01 -0.040 **  -0.01 (0.08) 0.92 0.008  

Educational level (reference: < high school)       

High school  0.06 (0.03) 0.04 0.012   0.05 (0.04) 0.18 0.003  
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 Non-Injurious Fall  Fall-Related Injury 

β (SE) a p MPb   β (SE) a p MPb  

Some college 0.09 (0.04) 0.02 0.013   0.13 (0.04) 0.001 0.014 ** 

College and above 0.11 (0.04) 0.004 0.013   0.24 (0.04) <0.001 0.028 *** 

Income ($1,000) 0.00 (0.00) 0.16 0.000   0.00 (0.00) 0.54 0.000  

Eyesight (1-6) -0.02 (0.01) 0.05 -0.003   -0.03 (0.01) 0.01 -0.004 * 

Hearing (1-5) -0.04 (0.01) <0.001 -0.007 **  -0.02 (0.01) 0.09 -0.001  

Number of functional limitations (0-12)c 0.09 (0.01) <0.001 0.015 ***  0.09 (0.01) <0.001 0.007 *** 

Number of chronic conditions (0-6)d 0.11 (0.01) <0.001 0.019 ***  0.11 (0.01) <0.001 0.010 *** 

Disabilitye 0.09 (0.04) 0.04 0.013   0.15 (0.05) 0.002 0.016 * 

Psychiatric medication 0.37 (0.04) <0.001 0.059 ***  0.51 (0.04) <0.001 0.057 *** 

Log pseudo-likelihood -36,256.18           

N (Person-waves) 44,690         

N (Individuals) 14,223         

 
*=p<.05, **=p<.01, ***=p<.001.   
β (SE) = the regression beta coefficient and cluster-robust standard error; MP = marginal probability. 
Note: Data are from the RAND HRS (version K), RAND “Fat Files,” and HRS Core Files, years 2000, 2002, 2004, 2006, and 2008 (survey waves 5-10). The model specification uses 
complete-case analysis. The reference category in the multinomial probit model is “no fall.” The formal and informal weekly caregiver hours terms were demeaned. 
a Clustering due to repeated observations was controlled for using modified “sandwich” estimators. 
b Marginal probability of each of the outcomes (no fall, non-injurious fall, and fall-related injury) is the discrete change from the base level for categorical variables, using the average 
marginal effect (AME) across all respondents. With the AME, the marginal probability for each respondent is computed and then an average is taken across values for all respondents. 
c Functional limitations are any difficulty with walking several blocks, walking one block, jogging one mile, sitting for two hours, getting up from a chair, going up several flights of stairs, 
going up one flight of stairs, stooping/kneeling/crouching, reaching or extending arms above shoulders, pulling/pushing large objects, lifting or carrying weights over 10 pounds, and/or 
picking up a dime from a table.  
d Chronic conditions are (current presence of) high blood pressure, diabetes, cancer, heart disease, stroke, and/or arthritis.  
e Disability indicates the presence of two or more ADLs (dressing, walking across a room, bathing, eating, getting in/out of bed) and/or IADLs (handling money, making telephone calls, 
taking medications). 
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Figure 8-4: Predicted Probability of a Non-injurious Fall (NIF) or Fall-related Injury (FRI) by Formal Weekly Caregiver Hours among Older Adults, 2000-

2010 

 

Figure 8-5: Predicted Probability of a Non-injurious Fall (NIF) or Fall-related Injury (FRI) by Informal Weekly Caregiver Hours among Older Adults, 2000-

2010 
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Table 8-10. Multinomial Probit Output Indicating the Coefficients and Marginal Probabilities (MP) of Fall Outcomes (No Fall, Non-Injurious Fall, Fall-

Related Injury) Associated with Formal and Informal Weekly Caregiver Hours Including Psychosocial Variables for Community-Dwelling Older Adults, 

2000-2010 

 Non-Injurious Fall  Fall-Related Injury 

β (SE) a P-value MPb   β (SE) a P-value MPb  

Unadjusted Percentages (reference: no fall, 64.2%) 25.2%  10.7% 

Weekly caregiver hours        

0 formal and 1-20 informal 0.30 (0.09) 0.001 0.06 **  0.27 (0.11) 0.01 0.02  

0 formal and >20 informal 0.14 (0.13) 0.30 0.01   0.36 (0.14) 0.01 0.05 * 

Any formal and 0 informal hours -0.01 (0.49) 0.98 -0.06   0.90 (0.45) 0.05 0.17 MSf 

Any formal and any informal hours 0.43 (0.33) 0.20 0.08   0.40 (0.38) 0.29 0.03  

Age (continuous, ≥65) 0.02 (0.00) <0.001 0.00 ***  0.03 (0.00) <0.001 0.00 *** 

Male (reference: female) 0.10 (0.05) 0.04 0.04 **  -0.25 (0.06) <0.001 -0.04 *** 

Race (reference: Non-Hispanic White)         

Non-Hispanic African-American -0.29 (0.08) <0.001 -0.05 **  -0.35 (0.09) <0.001 -0.03 ** 

Hispanic -0.14 (0.11) 0.18 -0.03   -0.12 (0.12) 0.32 -0.01  

Other -0.21 (0.13) 0.12 -0.03   -0.33 (0.18) 0.06 -0.03 MSf 

Educational level (reference: less than high school)         

High school graduate/GED 0.09 (0.08) 0.17 0.02   0.01 (0.08) 0.93 0.00  

Some college 0.14 (0.07)  0.06 0.03 MSf  0.08 (0.09) 0.37 0.00  

College and above 0.10 (0.08) 0.17 0.01   0.25 (0.09) 0.01 0.03 * 

Income ($100,000) 0.02 (0.02) 0.19 0.00   0.02 (0.02) 0.19 0.00  

Eyesight (1-6) 0.03 (0.02) 0.31 0.00   0.05 (0.03) 0.08 0.01  

Hearing (1-5) 0.05 (0.02) 0.03 0.01   0.04 (0.03) 0.12 0.00  
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 Non-Injurious Fall  Fall-Related Injury 

β (SE) a P-value MPb   β (SE) a P-value MPb  

Number of functional limitations (0-12)c 0.09 (0.01) <0.001 0.02 ***  0.08 (0.01) <0.001 0.01 *** 

Number of chronic conditions (0-6)d 0.07 (0.02) 0.001 0.01 *  0.12 (0.02) <0.001 0.01 *** 

Cognitive impairment -0.07 (0.18) 0.69 -0.03   0.31 (0.19) 0.10 0.05 MSf 

Disabilitye 0.09 (0.08) 0.22 0.01 ***  0.17 (0.09) 0.06 0.02 ** 

Psychiatric medication 0.35 (0.08) <0.001 0.06 **  0.44 (0.09) <0.001 0.05 ** 

Neighborhood social cohesion -0.01 (0.02) 0.57 0.00   0.01 (0.02) 0.55 0.00  

Positive social support -0.09 (0.04) 0.04 -0.02 *  -0.08 (0.05) 0.19 -0.01  

Negative social support -0.05 (0.03) 0.07 -0.01 MSf  -0.03 (0.03) 0.34 0.00  

Log pseudo-likelihood -6,384.00           

N (Person-waves) 7,704         

N (Individuals) 7,699         

*=p<.05, **=p<.01, ***=p<.001.   
β (SE) = the regression beta coefficient and cluster-robust standard error; MP = marginal probability. 
Note: Data are from the RAND HRS (version K), RAND “Fat Files,” and HRS Core Files, years 2000, 2002, 2004, 2006, 2008, and 2010 (survey waves 5-10). The model specification 
uses complete-case analysis. The reference category in the multinomial probit model is “no fall.” The formal and informal weekly caregiver hours terms were demeaned. 
a Clustering due to repeated observations was controlled for using modified “sandwich” estimators. 
b Marginal probability of each of the outcomes (no fall, non-injurious fall, and fall-related injury) is the discrete change from the base level for categorical variables, using the average 
marginal effect (AME) across all respondents. With the AME, the marginal probability for each respondent is computed and then an average is taken across values for all respondents. 
c Functional limitations are any difficulty with walking several blocks, walking one block, jogging one mile, sitting for two hours, getting up from a chair, going up several flights of stairs, 
going up one flight of stairs, stooping/kneeling/crouching, reaching or extending arms above shoulders, pulling/pushing large objects, lifting or carrying weights over 10 pounds, and/or 
picking up a dime from a table.  
d Chronic conditions are (current presence of) high blood pressure, diabetes, cancer, heart disease, stroke, and/or arthritis.  
e Disability indicates whether or not the respondent ever applied for disability benefits. 
f MS = marginally significant (p < 0.10). MS is only used for the main predictors of interest, i.e., the caregiver dummy variables. 
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Table 8-11: Multinomial Probit Output Indicating the Coefficients and Marginal Probabilities (MP) of Fall Outcomes (No Fall, Non-Injurious Fall, Fall-

Related Injury) Associated with Formal and Informal Weekly Caregiver Hours Including Home Safety Variables for Community-Dwelling Older Adults, 

2000-2010 

 Non-Injurious Fall  Fall-Related Injury 

β (SE) a P-value MPb   β (SE) a P-value MPb  

Unadjusted Percentages (reference: no fall, 59.6%) 27.1%  13.3% 

Weekly caregiver hours        

0 formal and 1-20 informal 0.26 (0.10) 0.01 0.06 *  0.18 (0.11) 0.12 0.01  

0 formal and >20 informal 0.02 (0.12) 0.85 0.00   0.18 (0.13) 0.17 0.03  

Any formal and 0 informal hours 0.37 (0.43) 0.39 0.05   0.57 (0.44) 0.19 0.07  

Any formal and any informal hours -0.14 (0.27) 0.60 -0.02   -0.18 (0.29) 0.54 -0.02  

Age (continuous, ≥65) 0.00 (0.00) 0.17 0.00   0.01 (0.00) <0.001 0.01 *** 

Male (reference: female) 0.12 (0.06) 0.05 0.04 **  -0.20 (0.07) 0.01 -0.04 *** 

Race (reference: Non-Hispanic White)         

Non-Hispanic African-American -0.24 (0.09) 0.01 -0.04 MSf  -0.33 (0.11) 0.003 -0.03 * 

Hispanic -0.12 (0.12) 0.32 -0.02   -0.22 (0.15) 0.14 -0.03  

Other -0.19 (0.16) 0.23 -0.05   0.09 (0.19) 0.62 0.03  

Educational level (reference: less than high school)         

High school graduate/GED 0.11 (0.08) 0.16 0.01   0.21 (0.09) 0.02 0.02 * 

Some college 0.19 (0.09) 0.03 0.03   0.31 (0.10) 0.002 0.03 * 

College and above 0.29 (0.09) 0.002 0.05   0.40 (0.11) <0.001 0.04 ** 

Income ($1,000) 0.00 (0.00) 0.98 0.00   0.00 (0.00) 0.82 0.00  

Eyesight (1-6) 0.00 (0.01) 0.46 0.00   -0.01 (0.00) 0.13 0.01  

Hearing (1-5) 0.01 (0.01) 0.34 0.01   0.01 (0.00) 0.09 0.00  
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 Non-Injurious Fall  Fall-Related Injury 

β (SE) a P-value MPb   β (SE) a P-value MPb  

Number of functional limitations (0-12)c 0.02 (0.00) <0.001 0.02 ***  0.01 (0.00) <0.001 0.01 *** 

Number of chronic conditions (0-6)d 0.01 (0.01) 0.05 0.01 *  0.01 (0.00) 0.19 0.01 *** 

Cognitive impairment 0.04 (0.04) 0.32 -0.03   0.06 (0.03) 0.03 0.05  

Disabilitye 0.34 (0.09) <0.001 0.02   0.29 (0.10) 0.01 0.02 ** 

Psychiatric medication 0.31 (0.09) 0.001 0.06 **  0.76 (0.10) <0.001 0.05 *** 

Safety features 0.00 (0.01) 0.85 0.00   0.00 (0.01) 0.99 0.00  

Special features 0.01 (0.01) 0.48 -0.01   0.01 (0.01) 0.23 0.00  

Log pseudo-likelihood -4,746.86           

N (Person-waves) 5,435         

N (Individuals) 4,217         

*=p<.05, **=p<.01, ***=p<.001.   
β (SE) = the regression beta coefficient and cluster-robust standard error; MP = marginal probability. 
Note: Data are from the RAND HRS (version K), RAND “Fat Files,” and HRS Core Files, years 2000, 2002, 2004, 2006, 2008, and 2010 (survey waves 5-10). The model specification 
uses complete-case analysis. The reference category in the multinomial probit model is “no fall.” The formal and informal weekly caregiver hours terms were demeaned. 
a Clustering due to repeated observations was controlled for using modified “sandwich” estimators. 
b Marginal probability of each of the outcomes (no fall, non-injurious fall, and fall-related injury) is the discrete change from the base level for categorical variables, using the average 
marginal effect (AME) across all respondents. With the AME, the marginal probability for each respondent is computed and then an average is taken across values for all respondents. 
c Functional limitations are any difficulty with walking several blocks, walking one block, jogging one mile, sitting for two hours, getting up from a chair, going up several flights of stairs, 
going up one flight of stairs, stooping/kneeling/crouching, reaching or extending arms above shoulders, pulling/pushing large objects, lifting or carrying weights over 10 pounds, and/or 
picking up a dime from a table.  
d Chronic conditions are (current presence of) high blood pressure, diabetes, cancer, heart disease, stroke, and/or arthritis.  
e Disability indicates whether or not the respondent ever applied for disability benefits. 
f MS = marginally significant (p < 0.10). MS is only used for the main predictors of interest, i.e., the caregiver dummy variables. 
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Table 8-12: Multinomial Probit Output Indicating the Coefficients of Fall Outcomes (No Fall, Non-Injurious Fall, Fall-Related Injury) for Community-

Dwelling Older Adults Using Imputed Data, 2000-2010 

 Non-injurious Fall  Fall-related Injury 

β (SE) a P-value  β (SE) a P-value 

Unadjusted Percentages (reference: no fall, 67.6%) 22.1%  10.4% 

Weekly caregiver hours     

0 formal and 1-20 informal 0.20 (0.04) <0.001  0.21 (0.04) <0.001 

0 formal and >20 informal 0.08 (0.05) 0.12  0.24 (0.06) <0.001 

Any formal and 0 informal hours -0.14 (0.16) 0.38  0.12 (0.16) 0.45 

Any formal and any informal hours -0.20 (0.11) 0.07  -0.07 (0.12) 0.58 

Age (continuous, ≥65) 0.02 (0.00) <0.001  0.03 (0.00) <0.001 

Male (reference: female) 0.06 (0.02) 0.02  -0.27 (0.02) <0.001 

Race (reference: Non-Hispanic White)     

Non-Hispanic African-American -0.23 (0.03) <0.001  -0.39 (0.04) <0.001 

Hispanic -0.13 (0.04) 0.002  -0.07 (0.05) 0.15 

Other -0.19 (0.05) <0.001  -0.03 (0.06) 0.67 

Educational level (reference: less than high school)     

High school graduate/GED 0.08 (0.03) 0.001  0.06 (0.03) 0.03 

Some college 0.11 (0.03) <0.001  0.14 (0.04) <0.001 

College and above 0.13 (0.03) <0.001  0.25 (0.04) <0.001 

Income ($1,000) 0.00 (0.00) 0.06  0.00 (0.00) 0.26 

Eyesight (1-6) 0.02 (0.01) 0.07  0.03 (0.01) 0.01 

Hearing (1-5) 0.04 (0.01) <0.001  0.02 (0.01) 0.05 
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 Non-injurious Fall  Fall-related Injury 

β (SE) a P-value  β (SE) a P-value 

Number of functional limitations (0-12)c 0.09 (0.00) <0.001  0.08 (0.00) <0.001 

Number of chronic conditions (0-6)d 0.10 (0.01) <0.001  0.11 (0.01) <0.001 

Cognitive impairment 0.11 (0.07) 0.12  0.28 (0.07) <0.001 

Disabilitye 0.19 (0.03) <0.001  0.21 (0.04) <0.001 

Psychiatric medication 0.37 (0.03) <0.001  0.50 (0.04) <0.001 

N (Person-waves) 45,556     

*=p<.05, **=p<.01, ***=p<.001.   
β (SE) = the regression beta coefficient and cluster-robust standard error. 
Note: Data are from the RAND HRS (version K), RAND “Fat Files,” and HRS Core Files, years 2000, 2002, 2004, 2006, 2008, and 2010 (survey waves 5-10). The 
model specification uses five imputations (using iterated chained equations). The reference category in the multinomial probit model is “no fall.” The formal and 
informal weekly caregiver hours terms were demeaned. 
a Clustering due to repeated observations was controlled for using modified “sandwich” estimators. 
b Marginal probability of each of the outcomes (no fall, non-injurious fall, and fall-related injury) is the discrete change from the base level for categorical variables, 
using the average marginal effect (AME) across all respondents. With the AME, the marginal probability for each respondent is computed and then an average is taken 
across values for all respondents. 
c Functional limitations are any difficulty with walking several blocks, walking one block, jogging one mile, sitting for two hours, getting up from a chair, going up 
several flights of stairs, going up one flight of stairs, stooping/kneeling/crouching, reaching or extending arms above shoulders, pulling/pushing large objects, lifting or 
carrying weights over 10 pounds, and/or picking up a dime from a table.  
d Chronic conditions are (current presence of) high blood pressure, diabetes, cancer, heart disease, stroke, and/or arthritis.  
e Disability indicates whether or not the respondent ever applied for disability benefits. 
f MS = marginally significant (p < 0.10). MS is only used for the main predictors of interest, i.e., the caregiver dummy variables.
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Table 8-13. Tests for Endogeneity and Adequacy of Instruments 

Test Results p 

Tests for endogeneity   

Hausman-Wu  F(1,43837) = 3.27 0.071 

Augmented regression approach ß = 1.00 (SE = 0.51) 0.048 

Tests for adequacy of instruments   

Non-zero average causal effect assumption    

Marital status F(1,43911) = 94.84 <0.001 

Number of children F(1,43911) = 3.95 0.05 

Marital status and number of children F(243911) = 52.72 <0.001 

Exclusion restriction (Sargan test) chi2(1) = 0.62 0.43 

Note: The fall outcome variable was linearized for these tests. 

 

 

Table 8-14. Comparison of Probit and Instrumental Variables Probit Model Output for All Study Respondents and 

for Only Respondents with Cognitive Impairment 

Model Probit IV Probit 

Overall study population 0.13 (0.02)* -0.63 (0.51) 

With cognitive impairment -0.05 (0.10) -0.88 (2.64) 

Note: * = p < 0.05 
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Table 8-15. OLS Regression Output Estimating Difference between Pre- and Post-Index Medical Costs among Older 

Adults Experiencing and Not Experiencing a Fall-related Injury Not Including Those Who Died, Without Inclusion 

of Baseline Medical Costs, 2007-9 (n = 5,498) 

 β (SE) a p 

FRI cohort 11,674.1 (1,946.2) <0.001 

Age 70.4 (41.6) 0.09 

Male 337.7 (589.1) 0.57 

Race/ethnicity (reference: White)  

African-American 1,900.1 (1,174.4) 0.11 

Hispanic 1,194.8 (1,827.0) 0.51 

Other -1,521.7 (1,333.2) 0.25 

Education (reference: < high school)  

High school 102.1 (840.2) 0.90 

Some college -1,045.9 (930.7) 0.26 

College -422.5 (924.1) 0.65 

Income ($100,000) -14.7 (149.6) 0.92 

Wealth ($100,000) 10.1 (28.6) 0.72 

Vision -565.7 (293.9) 0.05 

Hearing -83.0 (264.4) 0.75 

Cognitive impairment 1,184.3 (2,842.8) 0.68 

Number of functional limitations 141.5 (120.7) 0.24 

Number of chronic conditions 449.7 (262.7) 0.09 

Psychiatric medication 739.8 (1,098.6) 0.50 

Disability -121.3 (1,228.1) 0.92 

Medicaid 2,131.8 (1,382.3) 0.12 

Area wage index 1,032.4 (2,025.7) 0.61 

Physicians/10,000 older adults 1.1 (2.0) 0.59 

β (SE) = the regression beta coefficient and cluster-robust standard error; MP = marginal probability. 
Note: FRIs identified using case qualifications 1-4. 
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Table 8-16: Logistic Regression Output Estimating Odds of Persistently High Medical Costs among Older Adults 

With and Without a Fall-related Injury Not Including Those Who Died, Without Inclusion of Baseline Medical 

Costs, 2007-9 (n = 5,498) 

 Marginal 

Difference 

 

Odds Ratio (SE) a p 

FRI cohort 0.08  2.39 (0.48) <0.001 

Age 0.00  1.01 (0.00) 0.08 

Male 0.02  1.19 (0.12) 0.09 

Race/ethnicity (reference: White)  

African-American 0.04  1.49 (0.21) 0.004 

Hispanic 0.11  2.64 (0.50) <0.001 

Other -0.02  0.79 (0.23) 0.43 

Education (reference: < high school)  

High school 0.00  1.02 (0.13) 0.89 

Some college 0.02  1.20 (0.18) 0.22 

College 0.04  1.54 (0.24) 0.01 

Income ($1,000) 0.00  1.00 (0.05) 0.96 

Wealth ($1,000) 0.00  1.00 (0.00) 0.24 

Vision 0.01  1.06 (0.05) 0.22 

Hearing 0.00  1.01 (0.04) 0.89 

Cognitive impairment 0.03  1.32 (0.32) 0.24 

Number of functional limitations 0.01  1.18 (0.02) <0.001 

Number of chronic conditions 0.03  1.38 (0.06) <0.001 

Psychiatric medication 0.03  0.32 (0.18) 0.05 

Disability 0.03  1.33 (0.18) 0.03 

Medicaid 0.05  1.70 (0.25) <0.001 

Area wage index 0.07  2.19 (0.75) 0.02 

Physicians/10,000 older adults 0.00  1.00 (0.00) 0.62 

SE = cluster-robust standard error. 
Note: Persistently high costs are costs in the 4th quartile among all respondents for each of the four quarters following the 
index date. LR chi square = 1,647.9 with 21 degrees of freedom. FRIs identified using case qualifications 1-4. 
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Table 8-17: OLS Regression Output Estimating Difference between Pre- and Post-Index Medical Costs 

among Older Adults Experiencing and Not Experiencing a Fall-related Injury Not Including Those Who 

Died, Without Inclusion of Baseline Medical Costs, 2007-9 (n = 5,518) 

 β (SE) a p 

FRI cohort 12,760.0 (3,944.2) 0.001 

Age 54.6 (41.9) 0.19 

Male 255.1 (590.3) 0.67 

Race/ethnicity (reference: White)  

African-American 1,900.4 (1,176.0) 0.11 

Hispanic 1,289.4 (1,820.1) 0.48 

Other -1,291.3 (1,322.0) 0.33 

Education (reference: < high school)  

High school 66.8 (841.8) 0.94 

Some college -1,019.4 (930.4) 0.27 

College -437.9 (924.9) 0.64 

Income ($100,000) -32.7 (149.4) 0.83 

Wealth ($100,000) 10.5 (28.6) 0.71 

Vision -541.4 (295.1) 0.07 

Hearing -84.9 (264.9) 0.75 

Cognitive impairment 1,241.7 (2,840.8) 0.66 

Number of functional limitations 127.4 (121.2) 0.29 

Number of chronic conditions 446.7 (261.9) 0.09 

Psychiatric medication 808.5 (1,095.9) 0.46 

Disability -136.2 (1,226.7) 0.91 

Medicaid 2,052.9 (1,380.4) 0.14 

Area wage index 721.7 (2,027.0) 0.72 

Physicians/10,000 older adults 0.9 (2.0) 0.35 

β (SE) = the regression beta coefficient and cluster-robust standard error. 
Note: FRIs identified using only ICD-9 external cause of injury codes. 
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Table 8-18: Logistic Regression Output Estimating Odds of Persistently High Medical Costs among Older 

Adults With and Without a Fall-related Injury Not Including Those Who Died, Without Inclusion of Baseline 

Medical Costs, 2007-9 (n = 5,518) 

 Marginal 

Difference 

 

Odds Ratio (SE) a p 

FRI cohort 0.06  1.97 (0.68) 0.05 

Age 0.00  1.02 (0.01) 0.03 

Male 0.02  1.19 (0.12) 0.08 

Race/ethnicity (reference: White)  

African-American 0.03  1.39 (0.19) 0.02 

Hispanic 0.11  2.63 (0.50) <0.001 

Other -0.02  0.79 (0.23) 0.43 

Education (reference: < high school)  

High school 0.00  1.06 (0.14) 0.65 

Some college 0.02  1.30 (0.19) 0.07 

College 0.04  1.62 (0.25) 0.002 

Income ($100,000) 0.00  1.00 (0.05) 0.92 

Wealth ($100,000) 0.00  1.00 (0.00) 0.19 

Vision 0.01  1.10 (0.05) 0.04 

Hearing 0.00  1.00 (0.04) 0.93 

Cognitive impairment 0.03  1.33 (0.32) 0.23 

Number of functional limitations 0.01  1.17 (0.02) <0.001 

Number of chronic conditions 0.03  1.37 (0.05) <0.001 

Psychiatric medication 0.03  1.35 (0.18) 0.03 

Disability 0.03  1.39 (0.18) 0.01 

Medicaid 0.05  1.69 (0.24) <0.001 

Area wage index 0.05  1.82 (0.62) 0.08 

Physicians/10,000 older adults 0.00  1.00 (0.00) 1.00 

SE = cluster-robust standard error. 
Note: Persistently high costs are costs in the 4th quartile among all respondents for each of the four quarters 
following the index date. Log likelihood = 1,160.6 with 21 degrees of freedom. FRIs identified using ICD-9 external 
cause of injury codes. 
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Table 8-19: OLS Regression Output Estimating Difference between Pre- and Post-Index Medical Costs 

among Older Adults Experiencing and Not Experiencing a Fall-related Injury Not Including Those Who 

Died, Without Inclusion of Baseline Medical Costs, 2007-9 (n = 5,522) 

 β (SE) p 

FRI cohort 8,963.1 (954.6) <0.001 

Age 59.3 (41.7) 0.16 

Male 802.4 (603.5) 0.18 

Race/ethnicity (reference: White)  

African-American 2,312.1 (1,203.3) 0.06 

Hispanic 40.3 (1,833.2) 0.98 

Other -688.3 (1,559.1) 0.66 

Education (reference: < high school)  

High school 599.7 (853.1) 0.56 

Some college -956.1 (924.0) 0.30 

College -151.7 (929.0) 0.87 

Income ($1,000) 70.5 (146.2) 0.63 

Wealth ($1,000) 3.1 (27.7) 0.91 

Vision -688.8 (297.6) 0.02 

Hearing -93.6 (268.6) 0.73 

Cognitive impairment 1,200.2 (2,845.5) 0.67 

Number of functional limitations 214.1 (123.1) 0.08 

Number of chronic conditions 385.3 (262.7) 0.14 

Psychiatric medication -208.2 (1,062.9) 0.85 

Disability -125.9 (1,253.1) 0.92 

Medicaid 3,230.8 (1,469.9) 0.03 

Area wage index -607.0 (2,036.8) 0.77 

Physicians/10,000 older adults 1.9 (2.0) 0.34 

β (SE) = the regression beta coefficient and cluster-robust standard error. 
Note: FRIs identified quarters following the index date. FRIs identified using ICD-9 diagnostic codes and ICD-9 
external cause of injury codes. 
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Table 8-20: Logistic Regression Output Estimating Odds of Persistently High Medical Costs among Older 

Adults With and Without a Fall-related Injury Not Including Those Who Died, Without Inclusion of Baseline 

Medical Costs, 2007-9 (n = 5,522) 

 Marginal Difference  Odds Ratio (SE)  p 

FRI cohort 0.06  2.09 (0.23) <0.001 

Age 0.00  1.01 (0.01) 0.06 

Male 0.02  1.27 (0.13) 0.02 

Race/ethnicity (reference: White)  

African-American 0.04  1.51 (0.21) 0.004 

Hispanic 0.10  2.51 (0.48) <0.001 

Other 0.00  0.98 (0.28) 0.95 

Education (reference: < high school)  

High school 0.00  1.12 (0.14) 0.40 

Some college 0.02  1.24 (0.19) 0.15 

College 0.04  1.57 (0.250 0.004 

Income ($1,000) 0.00  1.01 (0.04) 0.88 

Wealth ($1,000) 0.00  1.00 (0.00) 0.17 

Vision 0.00  1.02 (0.05) 0.72 

Hearing 0.00  1.03 (0.05) 0.53 

Cognitive impairment 0.04  1.46 (0.35) 0.11 

Number of functional limitations 0.01  1.17 (0.02) <0.001 

Number of chronic conditions 0.03  1.35 (0.06) <0.001 

Psychiatric medication 0.03  1.32 (0.18) 0.05 

Disability 0.03  1.43 (0.19) 0.01 

Medicaid 0.05  1.72 (0.25) <0.001 

Area wage index 0.02  1.25 (0.43) 0.52 

Physicians/10,000 older adults 0.00  1.00 (0.00) 0.31 

SE = cluster-robust standard error. 
Note: Persistently high costs are costs in the 4th quartile among all respondents for each of the four quarters 
following the index date. Log likelihood = -1,090.8 with 21 degrees of freedom. FRIs identified using ICD-9 
diagnostic codes and ICD-9 external cause of injury codes. 
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Comparisons to the Prior Literature and Implications of Findings 

 As noted in Chapter 2, there is no existing literature on the relationship between 

caregiving and fall risk with which to compare these results. To the extent that the topics have 

been discussed together, the implications for this study’s findings are unclear. A recent 

perspective piece401 noted that caregivers should be included in discussions about managing care 

recipient safety for cognitively impaired recipients. This was primarily due to the burden of 

caregivers of persons with dementia rather than as a falls prevention effort, however. A number 

of other studies have also observed that falls increase the emotional burden of 

caregivers.110,124,125,128,135 Yet, the perspective piece did not discuss how caregivers might prevent 

falls or how emotional burdens experienced by informal caregivers may translate into poorer 

quality care that can affect fall risk.  

 Arguably, caregiver emotional burden could affect the type of care and oversight 

provided to the care recipient. For instance, an overburdened and tired informal caregiver might 

provide lax oversight of care recipient risk behaviors (e.g., reaching for high shelves, walking on 

slippery bathroom tiles, not using handrails while walking up/down stairs), which may be 

associated with increased fall risk for care recipients—however, whether this is the case or not is 

not known and is not confirmable using this study’s findings. The findings potentially also 

suggest that informal caregivers provide too much autonomy to care recipients, rather than 

compel compliance in terms of avoiding risk-taking behaviors that increase fall risk. Outside of 

literature on differences in formal and informal caregiving, there is little guidance for this study 

from previous research. 

 For the second study, the findings are generally similar to earlier findings, despite 

different methodologies used in this and other studies. A systematic review of studies examining 
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the relationship between depression and falls also observed a significant relationship.35 Among 

17 studies, the overall odds ratio (OR) was 1.63 (95% CI: 1.36-1.94). Among six studies that 

used multivariate analyses, the OR was 1.44 (95% CI: 1.11-1.86). Those studies are not directly 

comparable to this study because they measured depression rather than depressive 

symptomatology—and, as noted in Chapter 2, while roughly 4% of older adults have 

depression,159 10 to 20% of older adults report experiencing depressive symptoms157 and, 

compared to depressive symptoms, depression may have a stronger relationship with falls.402 A 

more recent systematic review and meta-analysis of studies examining the relationship between 

depressive symptoms and falls found that (among 14 studies), depressive symptoms were a 

significant predictor (pooled OR = 1.46, 95% CI: 1.27-1.67),402 although those studies used 

several different scales to measure depressive symptomatology. Also of note, other studies did 

not distinguish between NIFs and FRIs. For instance, in the second systematic review referenced 

above, most of the studies assessed one or more falls as the study outcome while others assessed 

multiple falls only or multiple falls and injurious falls.402 

 Several studies’ findings are more directly comparable to this study. A study that 

specifically examined depressive symptomatology observed that, after controlling for a number 

of sociodemographic conditions, use of psychiatric medication, and morale and control, a one-

point increase in the 20-item CES-D was associated with a 3% increase in fall risk.121 That study 

found a 3% fall risk for a one-point (or just over one-quarter SD) CES-D increase, whereas the 

present study observed 3% and 6% increases in NIF and FRI risks, respectively, for one-quarter 

SD increases in depressive symptoms.  

 Another study of community-dwelling older white women more closely resembled the 

current study in that it examined the relationship of depression and both falls and FRIs.403 That 
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study, after controlling for a number of sociodemographic, health, health behavior, and 

medication use variables, found that the odds of a fall and for a fracture were greater for those 

with compared to those without depression (OR = 1.4, 95% CI: 1.1-1.8 for a fall and OR = 1.3, 

95% CI: 1.1-16 for a fracture). Thus, in that study, the odds of both NIFs and FRIs were 

approximately the same. In the present study, however, the risk of an FRI was greater than that 

of a NIF in terms of depressive symptoms. For a one-SD increase in depressive symptoms, the 

percentage increases (i.e., the risk of the outcome at the mean plus one SD compared to the risk 

of the outcome at the mean) in NIF and FRI risks were 12% and 22%, respectively. For a half-

SD increase in symptoms, the percentage increases in risks were 6% and 12% and for one-

quarter-SD increases in symptoms, the percentage increases in risks were 3% and 6%, 

respectively. Thus, this study highlights the risk of more serious fall injuries associated with 

depressive symptoms among older adults, which is a novel finding in the literature. The findings 

also correspond with recent literature that has stressed the importance of focusing on FRIs as 

opposed to NIFs in terms of falls prevention efforts.327 

 The study findings are also similar to studies that observed temporal relationships 

between depressive symptoms and physical health.164,173 In particular, one study examined this 

relationship using a cross-lagged panel model with SEM and observed that onset of physical 

illness is associated with a near-term, or contemporaneous, increase in depressive 

symptomatology but depressive symptomatology has a lagged “effect” on physical illness.85 

(That study also observed that depressive symptomatology was a strong predictor of future 

depressive symptomatology across the several waves of the study—much as this study found.) 

That study found that depressive symptomatology had similar, if slightly diminishing, total 

“effects” (i.e., direct plus indirect “effects”) on physical illness at times two, three, and four of 
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study measurement (where each wave measurement period was four months apart). In the 

present study, there was no contemporaneous association between depressive symptoms and 

either of NIFs or FRI, but longer-term associations were larger than smaller-term associations.  

 For the third study, the estimates of annual medical costs were generally (with one 

notable exception discussed below) similar to prior findings from the FRI cost literature. The 

average, unadjusted post-index costs for all 5,548 respondents in the main model were $10,172, 

which is close to the annual per-beneficiary Parts A and B spending totals for Medicare 

beneficiaries in 2008-2010. According to the 2011 CMS Medicare Trustees Report, the average 

Parts A/B spending was $9,441 in 2008, $9,902 in 2009, and $9973 in 2010.404 Average, 

unadjusted medical costs among fallers in the twelve months following the index date was 

$25,734 while the post-index cost for non-fallers was $9,878. The $25,734 figure is close to the 

estimate of $20,920 from a 2005 study using 1998 and 1999 Medicare data and a “case-

crossover” study design similar to the design used in the study.206 However, the estimate is lower 

than the $35,144 figure estimated by Bohl et al. (2010) using Washington state data and a much 

broader FRI identification strategy.201 However, that study largely focused on “admitted” 

individuals, i.e., those admitted to the hospital (as opposed to those only treated in the ED or 

outpatient settings who were not then admitted to the hospital) as part of the FRI cohort and also 

did not control for prior spending among FRI compared to non-FRI cohort individuals (which 

tends to overestimate FRI-related expenditures, as discussed below). Annual, FRI-related ED 

costs may be as much as six times less costly than annual, FRI-related hospitalization costs.206 

Thus, it is unsurprising that this study, which includes in the FRI cohort those individuals who 

were treated for an FRI at an ED on their index date, has substantially lower estimates of annual 

cost differences between individuals with and without an FRI. 
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Adjusted FRI-related costs estimated in this study were comparable to earlier cost study findings. 

Of note, however, given differences in study design, comparisons with other studies must be 

made with caution. In this study using Medicare administrative data to identify FRIs and an 

incidence-based costing approach, estimated annual cost differences between FRI and non-

cohort individuals ranged from just under $9,000 to nearly $15,000, with a best estimate (in 

terms of most confidence that an FRI occurred) of $14,879. When using an assessment of all 

FRIs that may have occurred (including FRIs that were assessed using outpatient claims data), 

using the UCLA-RAND algorithm, the estimate was $11,678. In a small study of adults ages 72 

years and older conducted in 1989 and 1990 using self-reported falls, using a two-part model 

Rizzo et al. (1998)87 observed a somewhat similar $10,703 difference in annual hospital costs 

between those with one or more FRIs and those without FRIs.  

 A 2002 study observed medical cost differences of $2,064 to $5,598 between older (65 

years or older) Medicare beneficiaries with one fall or two or more falls compared to those with 

no falls.212 Unlike the current study, however, that 2002 study used prevalence-based estimates, 

self-reports of falls, and estimates of medical expenditures based upon average (and not 

individual-specific) costs for Medicare-reimbursed services. The majority of previous studies on 

FRI-related costs have been done using prevalence-based estimates,199 which may produce 

different cost estimates than incidence-based approaches.405 (See Chapter 2 for an earlier 

discussion of prevalence- versus incidence-based cost estimates.) Another prevalence-based 

study estimated substantially lower fall-related costs of $3,261 per Medicare beneficiary 

receiving fall-related care.213 That study’s estimates are likely lower than those from this study 

because the earlier study examined NIF as well as FRI costs.  
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 The Bohl et al. (2010) study,201 which used an incidence-based approach, comparing pre- 

and post-index managed Medicare costs of an FRI cohort comprised of those hospitalized during 

their index FRI-related admission to a non-FRI cohort, observed much larger cost differences in 

the post-index year of $26,973. As discussed in Chapter 2, this study was considered to be one of 

the main comparator studies for the present study given its incidence-based approach and 

methodology. Its findings, relative to this study’s findings, are thus discussed at length. The 

authors of this study provided summary data that can be used to compute the difference between 

the FRI and non-FRI cohorts in terms of the difference between 12-month post- and pre-index 

medical costs, which amount to $28,431. In sum, the difference in 12-month pre-index costs is 

similar, but the 12-month post-index costs are larger in that study ($1,033 and $26,973, 

respectively) compared to the present study ($779 and $15,856, respectively). Another study 

found that, compared to expected expenditure levels based upon pre-injury spending levels, 

Medicare expenditures were greater by almost 450% following a sentinel injury,296 a percentage 

increase similar to that observed in the present study ($9,478/$1,926 * 100 = 492%).  

 There are several explanations for the divergent findings in the Bohl et al. (2010) study 

and the present study, which have implications for study methodology choices when providing 

FRI-related cost estimates. First, the difference in post-index costs is likely attributable at least in 

part to different FRI identification methods using administrative data. In this study, estimates 

obtained using both e-codes and ICD-9 codes to identify FRIs, as done in the Bohl et al. study, 

were substantially different. The main results using CQ = 3, 4 had estimated costs of $14,879 

(SD: 2,617) while the sensitivity analysis using e-codes and ICD-9 codes had lower estimated 

costs of 8,963 (SD: 955). This suggests that the use of e-codes and a broad set of ICD-9 codes 

(as used in that Bohl et al. study) will not produce similar estimates; thus, that method should 
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probably not be used in producing FRI cost estimates, as it produces cost underestimates. 

However, this does not explain why the Bohl et al. study had much higher cost estimates than the 

present study. 

 A second and more plausible explanation is that the Bohl et al. study looked at “non-

admitted” and “admitted” FRI-related costs and did not control for pre-index costs. In that study, 

individuals with FRIs who were not admitted to the hospital were classified as “non-admitted” 

while those admitted to the hospital were classified as “admitted.” That study’s estimated FRI 

costs in the post-index period (not controlling for pre-index costs) were $26,973. When the 

current study’s data were used with the same methodology (only including those admitted to the 

hospital in the FRI cohort), the estimates were substantially larger than the current study’s main 

estimates, at $25,630 (i.e., similar to the estimates from the study by Bohl et al.). Thus, it seems 

clear that estimating FRI costs amongst those with more serious injuries requiring hospitalization 

result in greater FRI estimates. Unfortunately, from a policy perspective, it does not seem 

reasonable to expect that falls prevention can only prevent hospital-related FRIs as opposed to 

ED treat-and-release FRIs. Thus, it seems appropriate to include both ED and hospital-treated 

FRIs in the cost estimates, as done in the current study. 

 A further issue of FRI identification involves the use of self-reports of FRIs (or falls) as 

opposed to the use of administrative data to identify FRIs. A number of the prior FRI-related cost 

studies have made use of self-reported falls.199 Use of administrative data to ascertain whether 

FRIs occurred is likely to capture more serious injuries that require costly medical attention; 

thus, estimates of individual FRI-related medical costs are likely to be higher when using 

administrative data to identify FRIs than when using self-reported falls information. However, 
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there may be limitations to using administrative data when estimating FRI-related costs, as 

discussed below. 

 A final potential explanation for the surprising difference in cost estimates from this 

study and the Bohl et al. (2010) study involves the data and risk adjustment methodology of the 

two studies. In the other study, the authors were only able to control for age, sex, and a proxy for 

comorbidity using RxRisk, a “risk assessment tool based on automated outpatient pharmacy 

utilization” (p. 855).201,406 With the RxRisk score, “An individual can be classified into any 

RxRisk category through a single dispense of a drug identified by the algorithm as linked to that 

conditions or clinical group” (p. 86).407 In a validation study, the RxRisk underperformed in 

predicting medical costs compared to Hierarchical Condition Categories (HCCs), particularly in 

predicting Medicare costs and in predicting costs among individuals with “relatively high and 

high future medical expense” (p. 96).407 The current study used survey and other data to control 

for a broad set of sociodemographic, health, and area characteristics. When a model with the 

current study data was estimated controlling only for age and gender, in which only those 

admitted to the hospital were included in the FRI cohort, and which did not control for pre-index 

costs, the cost estimates were $25,617—again similar to the large estimates of that other study 

($26,973). 

 



 341

Characteristics of Study Sample Dropouts 

Table 8-21: Characteristics of Individuals in 2000-2010 Health and Retirement Study by Dropout Status 

  Responded   Did Not Respond 

Previous Wave Characteristic  Total (%)  Total (%)  

Alive, Did Not  

Respond (%) 

Died Present  

Wave (%) 

Falls        

No fall  88.6  11.5  4.5 6.9 

Non-injurious falls  84.0  16.0  3.8 12.2 

Fall-related injuries  81.4  18.7  4.1 14.6 

Caregiving Receipt        

None  89.8  10.2  4.3 5.8 

0 formal and 1-20 informal  79.1  21.0  4.0 17.0 

0 formal and >20 informal  59.9  40.1  4.8 35.2 

Any formal and 0 informal hours  64.4  35.6  2.9 32.6 

Any formal and any informal hours  54.5  45.5  3.7 41.8 

Age  73.9 (6.8)  77.9 (8.4)  74.5 (7.3) 80.0 (8.4) 

Gender        

Female  70.8  29.3  10.8 6.9 

Male  69.0  31.0  10.5 7.6 

Race/Ethnicity        

Non-Hispanic White   70.8  29.2  9.5 7.2 

Non-Hispanic African-American   66.6  33.4  12.6 8.0 

Hispanic   69.4  30.6  15.2 6.4 

Other   67.9  32.1  19.8 6.5 

Educational level        

Less than high school   63.4  36.6  9.0 9.4 
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  Responded   Did Not Respond 

Previous Wave Characteristic  Total (%)  Total (%)  

Alive, Did Not  

Respond (%) 

Died Present  

Wave (%) 

High school  71.6  28.4  10.7 6.6 

Some college  72.0  28.0  12.3 6.4 

College  75.4  24.6  11.7 5.4 

Self-rated health        

Poor/Fair  78.7  21.3  4.6 16.7 

Good  88.9  11.1  4.5 6.6 

Very good/Excellent  92.2  7.8  3.9 3.8 

Depression        

Yes  84.8  15.8  4.1 11.7 

No  89.2  10.8   6.9 

Psychiatric medication        

Yes  84.3  15.7  4.3 11.4 

No  87.3  12.7  4.3 8.4 

Count of chronic conditions         

0  89.5  10.5  5.4 5.1 

1  89.6  10.4  4.4 6.0 

2  88.1  11.9  4.2 7.7 

3  84.9  15.1  4.2 10.9 

4  80.8  19.3  4.2 15.0 

5  77.0  23.0  3.0 20.0 

6  71.2  28.8  3.0 25.8 

Heart disease        

Yes  82.6  17.4  3.9 13.5 
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  Responded   Did Not Respond 

Previous Wave Characteristic  Total (%)  Total (%)  

Alive, Did Not  

Respond (%) 

Died Present  

Wave (%) 

No  88.8  11.2  4.5 6.7 

Stroke        

Yes  77.7  22.3  4.3 18.0 

No  87.8  12.2  4.3 7.9 
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Strengths of the Studies 

 A strength of the second study relative to prior studies focusing on the depression-falls 

relationship is its focus on social support predictors of falls. Studies on this topic have typically 

controlled for a number of physiological and sociodemographic, plus iatrogenic (medication 

usage) factors when assessing falls risks associated with depression/depressive symptoms. As 

noted in a recent study, however, studies on this topic have not focused on factors having to do 

with social support and neighborhood social cohesion,120,122 which may affect older individuals’ 

well-being, which in turn was shown to be associated with fall risk.121 One study controlled for 

living status (whether living alone or not) and marital status 178 while another study assessed 

loneliness as a control variable in a multivariate model,176 but other studies have not controlled 

for this study’s set of social support and neighborhood social cohesion indicators.  

 With this present study, it is clear that associations between depressive symptoms and 

NIFs and FRIs remain even after accounting for social support characteristics. Thus, lack of 

social support does not appear to explain the relationship between depressive symptomatology 

and fall risk. Instead, joint risk factors associated with depressive symptomatology and falls (i.e., 

decline in executive and motor functioning that also affect depressive symptomatology) may 

explain the findings. Or, individuals with lower morale and well-being121 who have less energy 

to perform tasks may have difficulty avoiding falls. 

 A final, hypothesized strength in the design of the study when compared to other studies 

is that it attempted to control for reverse causality in the relationship between falls and 

depressive symptoms. Other studies have typically used OLS or logistic regression or other 

multivariate techniques as estimating methods. However, these methods cannot account for the 

fact that there are multiple pathways potentially relating falls and depressive symptoms (Chapter 
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2). While the present study did not observe bi-directionality in the relationship of the two 

predictors/outcomes, it is worth considering use of similar cross-lagged panel with SEM models 

in assessing this topic in the future. The study showed that models of adequate fit can be 

developed and implemented. Unfortunately, the study data did not allow for shorter-term 

measurement of study predictors and outcomes than the two-year increments that were used. 

Still, it is possible that reverse causality can create a bias in study estimates using “non-causal” 

(i.e., non-SEM) models—the result of which may be estimates that are biased in the upward 

direction (in terms of the association between depressive symptoms/depression and subsequent 

fall risk). 

In terms of study design, the third study made several improvements on existing studies. 

The study is generalizable and has strong internal validity. As discussed above, the study 

findings are largely generalizable to the current, community-dwelling older adult Medicare, fee-

for-service population. Earlier studies focused on managed care populations or included 

institutionalized along with non-institutionalized populations in analyses, affecting 

generalizations for policy purposes. Also the data used are more recent than those used in earlier 

studies, providing updated cost estimates and the types of medical cost data included are broader 

than many prior studies. With the exception of long-term care costs, this study used a large set of 

medical services data from Medicare, including skilled nursing facility, durable medical 

equipment, and hospice data. These data include patient out-of-pocket costs, unlike earlier 

studies,201,202 allowing for a more complete assessment of the cost burden of FRIs not only on 

Medicare, but also on older adults who often have diminished financial resources relative to 

younger adults.408 Medicare patient cost-sharing can be costly. For an inpatient visit, the 

Medicare Part A deductible is $1,216 for each benefit period. SNF co-insurance is $152 per day 
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for days 21-100 of a SNF stay. Co-insurance for other Part A services, such as occupational 

and/or physical therapy, costs 20% of the Medicare-approved amount.409 Co-insurance for 

Medicare Part B services, including durable medical equipment (also covered by Part A) and 

outpatient physician visits, are also typically 20% of the service cost.409 Thus, inclusion of these 

costs in estimating FRI-related costs provides a broader portrait of the impact of FRIs on the 

medical system than studies only using Medicare reimbursements in estimating FRI-related 

costs. 

Study methodology strengths also included the use of a dataset that merged Medicare 

claims and longitudinal survey data. The HRS-Medicare dataset is a unique dataset that contains 

individual-specific costs for service utilization over time along with the large number of health 

and economic-related variables from the HRS. This allowed for the control of a broad set of 

sociodemographic and health covariates.  

The study also used a methodology that estimated the difference in the difference of pre- 

and post-index costs among those with and without FRIs (one component of which is elsewhere 

called a “case-crossover” approach, an approach used in other studies discussed below). With 

this methodology, the study is able to both estimate the FRI-related component of medical costs 

and to rule out to some extent alternative explanations for cost increases that may be due to non-

FRI factors.  By comparison, the majority of other FRI-related cost studies either did not control 

for beneficiary characteristics207,212,213 or used diagnostic code information from claims data, 

such as a comorbidity index, to control for individual health characteristics.201,202,206 Other 

studies were able to incorporate both cost and survey data, but did not use multivariate regression 

techniques to isolate the portion of FRI-related costs attributable to FRIs,212 used cost data that 

was estimated on a per-unit cost based on self-reported utilization,213 or used self-reported 
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falls.211 Yet other studies used a “case-crossover” approach similar to that used in the present 

study.206,211,296 However, those studies did not compare the FRI group to a non-FRI group. Those 

studies isolate the costs of FRIs among fallers (by controlling for health status, assuming that 

health status stays constant across individuals over time). However, as they lack a comparison 

group, those studies are unable to rule out alternative explanations for costs that are not related to 

FRIs. By comparison, this study is able to compare pre- and post-index costs of individuals 

experiencing an FRI as well as compare the cost differences for those individuals with pre- and 

post-index cost differences among those not experiencing an FRI. 

 Unlike prior studies that typically use only external cause of injury codes (e-codes) or 

several studies that have used both ICD-9 diagnostic and e-codes to identify FRIs, this study 

used four identification strategies. Use of the different strategies resulted in widely ranging cost 

estimates (from $7,124 using the method considered most likely to identify FRIs to $13,084 for 

the most commonly used method to identify FRIs). None of these methods is perfect as each has 

strengths and weaknesses. As has been discussed above, using only e-codes is an insensitive 

method since it fails to identify a number of FRIs that were not coded in the administrative data.  

 E-codes may be particularly problematic given known problems regarding coding of 

injury data in administrative records.250-252 For instance, a handful of states do not collect e-code 

data; a number of states do not require hospitals or emergency departments to code injuries; and 

some states do not have databases that are capable while certain hospitals do not have 

computerized systems that are capable of fully coding injury data.252 Also, Medicare does not 

reimburse hospitals based upon injury codes so there is little incentive to code such data. Even 

where injury data are collected, data can be unreliable. As noted in a literature review of 

accuracy of injury data coding,250 in two studies, the accuracy of e-codes for unintentional falls 
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was 66% and 73%.251,253 Several states, such as California, have quality assurance activities 

aimed at monitoring the completeness and validity of e-codes,254 but data from other states may 

be incomplete. While use of e-codes has the benefit of being the standard method of falls 

surveillance,252 problems with accuracy make complete reliance on such codes problematic.  

 At the same time, the use of identification strategies more broadly inclusive of diagnoses 

possibly representing FRIs can create misclassification of FRIs. Broader strategies that 

essentially define all fractures as FRIs201,202,207 increase sensitivity while reducing specificity of 

fall events. In some cases, such identification strategies may make sense. For instance, 

identifying all hip fractures (indicated in the claims data) as fall-related may be appropriate 

among older individuals, as some have suggested that 90% of hip fractures among older adults 

are fall-related.191 Also, Roudsari et al. (2005) noted that only approximately 7% of hip or femur 

fractures among older adults in their study had e-codes for their injuries,207 suggesting the benefit 

of using ICD-9 codes in addition to e-codes to identify falls. However, certain hip fractures 

among older adults may not be due to falls. For instance, an older adult may have a pathologic 

hip fracture (where a pathologic fracture is due to a malignancy or osteoporosis)410 and fall, 

which can lead to the erroneous conclusion that the fracture was due to a fall. It is unlikely that, 

as implicit in the FRI identification strategy used by Bohl et al. (2010 and 2012),201,202 that all 

fractures, dislocations, sprains, strains, intracranial injuries, and contusions among older adults 

are due to falls. 

 A strength of this study is that it uses several FRI identification strategies, including the 

above two approaches, in order to compare estimates and to provide guidance for future FRI 

research using claims data. In particular, this study uses an approach developed by UCLA-

RAND et al. (as described at length in Chapter 4). That approach also used both e-codes (which 
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are highly specific) and ICD-9 codes (to improve sensitivity), but had more discretion in the use 

of ICD-9 codes. The approach was developed by several clinicians and used clinical judgment 

and findings in the literature regarding the likelihood that fractures were attributable to falls. The 

strategy identified serious injuries that are likely to be fall-related: fractures (including hip, 

pelvis, clavicle, humerus, carpal, hand, patella, and ankle), head injuries (including head 

fractures and other head trauma), and dislocations (shoulder, elbow, wrist, and knee). Of note, 

the strategy did not include sprains, strains, and contusions as likely FRIs, as was done by Bohl 

et al. (2010 and 2012). 

 However, it should be noted that this strategy also is premised on assumptions that are 

not likely to be always correct. Scaphoid fractures (fractures at the base of the hand) were 

considered likely to be fall-related, for instance, based upon a statement in a an orthopedic study 

by Adams et al. (2007).247 Yet, in one of the two studies cited by Adams et al. as evidence that 

scaphoid fractures are commonly fall-related, only six patients of the 158 assessed (i.e., who 

were operated on) had a fracture resulting from a fall.411 Similarly, shoulder dislocations were 

considered as likely fall-related based upon findings of Zacchili et al. (2010), which observed 

that 59% of 8,940 dislocations examined were the result of a fall.248 But, of the ten leading 

causes of nonfatal injury among older adults in 2010, unintentional falls made up 68% of injuries 

while 6% were due to unintentional overexertion and 5% of were associated with motor 

vehicles.28 Thus, a number of injuries among older adults are likely due to sporting activities or 

motor vehicle accidents. 

 Nonetheless, the UCLA-RAND algorithm is an improvement over preexisting methods 

used to identify FRIs. Another advantage to this method, beyond avoiding use of sprains, strains, 

and cuts, is that it categorizes claims information into levels of confidence of an FRI based upon 
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whether primary or secondary diagnostic codes were used in the inpatient setting and based upon 

the type as well as how many days apart outpatient codes were used.  

 As discussed in Chapter 4, there are five case qualification (CQ) levels in the algorithm, 

from 0 to 4 (where level 0 is no confidence and level 4 is the greatest confidence that the claims 

data indicate an FRI).  The strength of the algorithm in terms of the lower CQ levels is that it 

accounts for timing of treatments, which may distinguish between less severe injuries and those 

injuries more likely to be fall-related. Specifically (as discussed in Chapter 4), CQ levels 1 and 2 

are defined using outpatient ICD-9 diagnostic codes and Current Procedural Terminology 

imaging and repair codes. Among CQ levels 1 and 2, the higher level is accorded where a 

relevant outpatient ICD-9 code and CPT code were present on the same day. If only a procedural 

code (and not an outpatient diagnostic code) were present, then a lower CQ level is coded. 

Similarly, if two outpatient ICD-9 codes were coded not on the same day but less than ten days 

apart, then the algorithm defines the set of claims as the lowest level of confidence that an FRI 

occurred (CQ = 4). 

 An FRI requiring medical care should require immediate treatment in many cases and 

should be reflected in the patient’s diagnosis in the claims data. Accordingly, the methodology 

assumes that more severe injuries—as indicated both by the presence of a relevant ICD-9 code 

and by procedural codes that are not separated over time by more than ten days—are fall-related. 

By contrast, the FRI identification method used by Bohl et al. (2010 and 2012) does not 

discriminate between FRIs indicated in inpatient or outpatient settings or based upon the timing 

of treatments or procedures indicated in the patient claims data. That method also does not 

account for potential FRIs indicated by CPT codes identifying fracture repair or casting or 
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splinting. Thus, the UCLA-RAND algorithm provides a useful, if imperfect, step forward in 

identifying FRIs in claims data.  

In the present study, in order to qualify for inclusion in the analysis’ FRI cohort, a 

beneficiary could not have had an FRI within the 365 days prior to an index FRI—where an 

index FRI could occur during the study’s accrual period (which ran from January 1, 2008 to 

December 31, 2008). The justification for using this relative long washout period was to ensure 

that medical treatment associated with an FRI involved a new, or incident FRI, rather than a prior 

FRI. With a shorter washout period (e.g., a period of one month), then medical costs attributed to 

an incident FRI might have been due to an FRI that occurred just over a month or several months 

earlier; accordingly, the post-index costs would not reflect the full set of costs attributable to an 

FRI. (This attribution issue is of particular concern given that the medical costs immediately 

following an FRI likely involve the most costly components of care, i.e., inpatient ED and/or 

hospitalization.) Other studies have used shorter or longer washout periods. Several studies used 

a three-month206,211 while others used a two-year washout period.201,202 
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