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ABSTRACT 

The growing population of older adults has attracted concern from policymakers due in 
part to the fact that they are at higher risk of costly and potentially injurious falls. Responding to 
this concern, this study investigated fall-related hospitalizations among those aged 65 and older. 
Hospitalizations rose from 49,299 to 58,931, with charges and costs (estimated based on charges) 
increasing from $2.5 billion to $3.6 billion and under $900 million to over$1.1 billion, 
respectively. The intraclass correlation coefficients from linear mixed-effect models (with 
charges and costs serving as dependent variables) indicated differences in hospitals accounted for 
nearly half or more of medical cost variation among older adults suffering a fall-related 
hospitalization. Nonmetropolitan residence, being aged 65–69 (versus older), and higher risk-of-
mortality on admission indicated higher costs. Identifying trends of fall-related hospitalizations 
over time allows for key stakeholders to not only track the burden of falls among older adults but 
to also use this information to attract funding for fall prevention strategies from policy makers at 
various levels (e.g., locally, at the state). Further, identifying characteristics of individuals (e.g., 
age, race, sex)and places (e.g., rural areas) that carry a higher relative cost can serve to inform 
the targeted allocation of finite resources including local, state, or federal funding, but also 
existing evidence-based practices such as community and clinical interventions. 



Introduction 

The global population aged 65 years or older is expected to triple from 524 million in 
2010 to 1.5 billion in 2050 (National Institute on Aging, National Institute of Health & World 
Health Organization, 2011). In the United States alone, the number of older adults is expected to 
double from 40.2 to 88.5 million during this time period (Vincent & Velkoff, 2010). Disease and 
complications associated with aging are more common among those aged 65 years and older, 
where approximately 75% have two or more chronic diseases (Anderson, 2010). Falls are a 
serious and costly issue facing the increasing older adult population (Davis et al., 2010). 
Research shows that having comorbid or multiple chronic conditions (Sibley et al., 2014)(e.g., 
arthritis (Sturnieks et al., 2004), visual impairment (Reed-Jones et al., 2013; Thurman et al., 
2008), or dementia (Thurman et al., 2008) is associated with fall risk and that approximately one-
third of American older adults experience a fall every year (Yoshida, 2007). These falls can lead 
to moderate to severe injuries (Rubenstein & Josephson, 2006) threatening older adults’ 
independence and even causing death (CDC, 2010). They can also have adverse economic 
consequences. 

Studies that seek to estimate the economic burden associated with falls among older 
adults are necessary (Heinrich et al., 2010); however, estimating the total economic burden of 
fall-related health expenditures is com-plex given that various economic perspectives may exist 
when calculating cost (Davis et al., 2010). While not the only aspect of measuring cost, the direct 
cost of falls among older adults – which may include, but is not limited to the costs of 
hospitalization, physician costs, and prescription drugs – was estimated to be upwards of 50USD 
billion in 2015 (Florence et al., 2018). In contrast, the indirect costs of falls, which may include 
caregiver burden, loss of work, and pain and suffering (Carroll et al., 2008), can be difficult to 
quantify. Focusing on direct costs can be an effective way to inform policy makers and decision-
makers of the economic burden associated with falls. 

This study sought to identify individual-level (Perelman & Closon, 2011), hospital-level 
(Barro, Huckman & Kessler, 2006), and residential-level factors associated with fall-related 
hospitalizations among older adults. Given that there is scant recent state-wide literature 
regarding the financial burden of hospital stays after falls, this study examined the cost of fall-
related hospitalizations among adults age 65 years and older for 2011, 2012, 2013, and 2014 in 
Texas, USA. Identifying this information can better inform policy makers about the extent of and 
trends in fall-related hospitalizations statewide (Haddad et al., 2019), and can also inform clinical 
settings about the drivers of significant variations in cost. Further, this study can serve as a model 
to other states to then build upon in larger geographic areas throughout the nation. 

Conceptual framework 

This study investigated whether the cost of fall-related hospitalizations among those aged 
65 and older differed across individual-level characteristics and place-based characteristics (i.e., 
hospitals, rurality). It was informed by the National Institute on Aging Health Disparities 
Research Framework (Hill et al., 2015), the World Health Organization’s Framework for Action 
on the Social Determinants of Health (Solar & Irwin, 2010) and other models stressing the role 



of individual-level and contextual factors, namely ecological models (McLeroy et al., 1988). The 
theoretical foundation for exploring both individuals- and area-level factors and their potential 
effect on individual outcomes were taken from the Social Ecological Model (McLeroy et al., 
1988) and the World Health Organization’s (WHO) Framework for Action on the Social 
Determinants of Health (Solar & Irwin, 2010). The WHO framework and the Social Ecological 
Model describe individual-level outcomes (e.g., health-related) as being affected by the interplay 
between individual-level factors (e.g., age, gender) and environmental factors (e.g., policy, 
rural/urban differences). Given past evidence highlighted in these theoretical frameworks, it was 
our expectation that there would be a significant contribution to variation in study outcomes from 
multiple characteristics at the individual-level, but also at the contextual level (e.g., structural 
(Solar & Irwin, 2010)). For example, previous research has identified higher rates of falls with 
increasing age, among females relative to males, and among individuals who were White relative 
to Hispanic or African American (Towne et al., 2015). This highlights individual-level 
characteristics that have been shown to play a role in fall-related hospitalizations. Further, past 
studies identifying the likelihood of being discharged from a fall-related hospitalization to more 
costly institutionalized settings (versus home) included being White, having a higher risk of 
mortality, and being female (Towne et al., 2018). Further, research investigating fall mortality 
using national data identified significant variation in age (older age versus 65–74), sex (being 
male versus female), and race (being non-White versus White) when predicting a higher 
likelihood of fall mortality (Moudouni & Phillips, 2013). 

Past research, with a geospatial focus, investigated areas with higher rates of fall-related 
hospitalization, finding that areas with higher rates of Hispanic residents and areas with a higher 
population density were more likely to be areas designated as “hotspots” or areas with higher 
rates of fall-related hospitalization (Towne et al., 2019). While this work identified variation by 
population density, which is related to rurality, other work assessing geospatial factors associated 
with a different while somewhat related outcome, fall mortality, found no differences by rurality 
(Moudouni & Phillips, 2013). This research highlights the need to consider area-level factors 
associated with falls among older adults. 

Methods 

Data for this study were drawn from all discharges in 2011 (n = 2,937,634), 2012 (n = 
2,965,961), 2013 (n = 2,910,853), and 2014 (n = 2,947,191) as recorded in the Texas Hospital 
Inpatient Discharge Public Use Data Files (PUF) (Texas Hospital Inpatient Discharge Public Use 
Data File & Health Services). This database included administrative data on hospitalizations 
including, but not limited to charges for services, diagnostic codes (e.g., ICD-9), and patient 
demographics (e.g., age group, race, ethnicity, sex) for those discharged from hospitals 
throughout the state for each year under study. Each hospital discharge has multiple records 
associated with the hospital stay allowing for detailed analyses of factors associated with a 
particular hospital stay up to the subsequent discharge from the hospital. Based on our focus of 
analyzing total hospital costs among older adults, our target population was restricted to any 
hospital dis-charge among those aged 65 years and older for 2011 (n = 842,658), 2012 (n = 
850,118), 2013 (n = 840,874), and 2014 (n = 848,486). From these yearly base populations, we 



further stratified those discharges with a fall-related hospitalization by year using ICD-9 
external-cause-of-injury codes or e-codes that are a supplementary classification of ICD-9 codes 
(see below). All analyses in the current study thus focus on individuals with e-codes indicating a 
fall was coded upon admission and who were aged 65 years and older. This study was approved 
by the Institutional Review Board of the affiliated university of the lead author. 

Dependent variable 

Total hospital charges at discharge were used to estimate cost (charges multiplied by the 
cost-to-charge ratio). The total fall-related costs were calculated based on covered and non-
covered accommodation and ancillary charges (details are available elsewhere from the Texas 
Department of State Health Services (TDSHS)). We present both total and average charges and a 
less crude measure of costs using Medicare cost-to-charge ratios. Previous research used a crude 
measure of charges to estimate potential costs among a wider age group (Towne et.al., 2014). 
However, the current study focuses on those that were most likely to qualify for Medicare. Thus, 
we used the Medicare cost-to-charge ratio to have a more accurate measure of cost. Cost-to-
charge ratios (Edelstein & FISPO, 2008) were taken from the Centers for Medicare and 
Medicaid Services (CMS) (CMS, 2013). We used cost-to-charge ratios based on unique provider 
numbers for hospitals, where the total costs included charges multiplied by the cost to charge 
ratio. However, in some cases hospitals had missing information for cost-to-charge ratios, the 
level of which varied by year. The cost-to-charge ratios were missing for 6.3%, 10.4%, 10.3%, 
11.5% of discharges where a fall-related hospitalization was coded for those aged 65 years and 
older in 2011, 2012, 2013, and 2014, respectively. Therefore, we used the state average cost-to-
charge ratio to estimate missing cases. The state averages included 0.366 (2011), 0.355 (2012), 
0.331 (2013), and 0.285 (2014). 

ICD-9 external-cause-of-injury codes were used to define a fall-related hospitalization. E-
codes classifications for falls included 880.0–880.9; 881.0–-881.9; 882.0; 883.0–883.9; 884.0–
884.9; 885.0–885.9; 886.0–886.9; 888.0–-888.9, with more detailed information on definitions 
reported elsewhere (Towne et al., 2014). 

Covariates 

A unique hospital ID was assigned to each hospital by the Texas Department of State 
Health Services (DSHS). This variable was used in multi-level analyses to identify differences 
between hospitals. A geospatial component was added to the analyses to explore differences in 
the incidence of fall-related hospitalizations and cost by rurality. Rurality of the patients’ 
residential county was measured as metropolitan (metro) areas including large central metro, 
large fringe metro, medium metro, small metro, and nonmetropolitan areas including 
micropolitan and noncore using the National Center for Health Statistics 2013 NCHS urban-rural 
classification scheme for counties (NCHS, (2014).). Sex was treated as male or female. Race and 
ethnicity were included separately in descriptive analyses. In multivariate analyses, race and 
ethnicity were combined in one variable defined as non-Hispanic White, non-Hispanic Black, 
non-Hispanic Asian, non-Hispanic American Indian or Alaska Native, and Hispanic. Age groups 
included 65–69, 70–74, 75–79, 80–84, 85–89, 90 and older. The risk of mortality was included 



to adjust for the severity of hospitalization. The variable “risk of mortality” as reported in the 
PUF (Texas Hospital Inpatient Discharge Public Use Data File & Health Services) was coded as 
1) minor, 2) moderate, 3) major, or 4) extreme. Risk of mortality was defined as “Assignment of 
a risk of mortality score from the All Patient Refined (APR) Diagnosis Related Group (DRG) 
from the 3M APR-DRG Grouper” (TDSHS). 

Statistical analyses 

SAS 9.4 (Cary, NC) was used to perform all statistical analyses. We employed chi-square 
tests to examine if the overall number of falls differed by year. We compared 2 years at a time, 
(i.e., 2011 to 2012, 2011 to 2013, 2011 to 2014, 2012 to 2013, 2012 to 2014). Linear-mixed 
models were used to estimate total hospital charges and cost (charges multiplied by the cost-to-
charge ratio),while controlling for clustering at the hospital-level. Log transformations were 
conducted on both charges and cost variables. Fully adjusted models were compared between 
log-transformed outcomes and non-transformed (i.e., raw) cost and charges. The results were 
generally consistent between the raw models and log-transformed models. Given the large 
sample size (Mihaylova et al., 2011) and the consistencies in the conclusions based on raw 
models and log-transformed models, the non-transformed costs and charges were presented here 
for easier interpretation purposes. The linear mixed-effect models were fit using data from each 
year separately first. Then, in order to compare mean charges and cost over time, we ran two 
pooled models (i.e., merging data from 4 years together) including a year as a covariate, one with 
non-log transformed charges and one with non-transformed costs as the outcome variable. Only 
fully adjusted analyses from our outcomes by year separately are presented in tables given this is 
the major focus. 

Clustering was measured at the hospital-level using the unique hospital ID assigned by 
the Department of Health and Human Services (TDSHS, 2018). Intraclass correlation 
coefficients (ICCs) were calculated using the empty model without predictors (Bell et al., 2013). 
The fully adjusted model included sex, age, race/ethnicity, risk of mortality, and rurality, and the 
interaction between sex and risk of mortality and the interaction between rurality and risk of 
mortality while incorporating a random intercept at the hospital-level. The overall distribution of 
fall-related hospitalizations among older adults is presented, followed by detailed information on 
the cost of fall-related hospitalizations for each year. Finally, we provide estimates based on 
adjusted analyses accounting for individual-level factors, hospital clustering, and geospatial 
location. 

Results 

Table 1 presents the distribution of fall-related hospitalizations among adults aged 65 
years and older. Over 200,000 fall-related hospitalizations occurred among those aged 65 years 
and older in 2011, 2012, 2013, and 2014 combined. The number of falls grew each year with 
49,299 in 2011 reaching 58,931 in 2014. Females accounted for nearly 70% of fall-related 
hospitalizations across the study years. In addition, non-Hispanic White individuals accounted 
for close to 75% of fall-related hospitalizations for each year under study. Individuals of 
Hispanic origin accounted for approximately 17–19% of all fall-related hospitalizations for each 



study year. Residents of more metropolitan areas accounted for the vast majority of fall-related 
hospitalizations among older adults across the study years with the most rural areas accounting 
for less than 10% of fall-related hospitalizations. 

The overall number of fall-related hospitalizations among those aged 65 years and older 
was significantly higher over time including comparisons from 2011 to 2012, 2011 to 2013, 2011 
to 2014, 2012 to 2013, 2012 to 2014, and 2013 to 2014 (p < .0001 for all comparisons, data not 
shown). 

Tables 2a and 2b provide a snapshot of the total cost of fall-related hospitalization by 
selected characteristics among those aged 65 years and older. Females accounted for the majority 
of costs in all years under study. In addition, individuals who were categorized as non-Hispanic 
White accounted for higher costs than any other racial or ethnic group. Individuals aged 80–84 
years accounted for the highest charges and costs among all age groups, followed by those 85–89 
years. The majority of total fall-related hospitalization charges were among those residing in 
more metropolitan areas. 

The unadjusted mean charges of fall-related hospitalizations per patient discharge was 
calculated for overall comparisons across each time point among those aged 65 years and older. 
The overall mean charges were 50,280USD in 2011, 54,372USD in 2012, 59,010USD in 2013 
and 61,866USD in 2014. This represents an overall increase of more than 11,000USD from 2011 
to 2014, increasing each year. The average cost of fall-related hospitalization were calculated as 
well. The overall adjusted mean cost was 17,784USD in 2011, 18,599USD in 2012, 17,946USD 
in 2013, and 18,815USD in 2014. This represents an overall increase of more than 1,000USD 
from 2011 to 2014, with the highest cost across all years in 2014. Generally, the average charges 
and cost were higher for males, those aged 65–69, and those with the highest risk of mortality on 
admission. 







 



Changes over time 

The average charges of fall-related hospitalization increased from 2011 to 2012, 2013, 
and 2014 and from 2012 to 2013, and 2014 and from 2013 to 2014 in analyses using pooled data 
for all years (p < .0001 for all comparisons, data not shown). 

The average costs of fall-related hospitalizations increased from 2011 to 2012 and 2014 
and from 2012 to 2013 and from 2013 to 2014 in analyses using pooled data for all years (p < 
.0001 for all comparisons, data not shown). 

Adjusted analyses 

Table 3 presents results from fully adjusted analyses based on data by year separately. 
The estimated intraclass correlation coefficients (ICCs) for the charges in year 2011–2014 
ranged from 0.42 to 0.67, which means approximately 42–67%(depending on the year) of the 
variation in charges was accounted for by differences between hospitals. Individuals aged 65–69 
years had higher average charges than those in older age groups after controlling for all other 
terms in the model. 

When considering the interaction of risk of mortality and sex, we find the adjusted 
charges were generally higher with increasing risk of mortality for both males and females, with 
the highest adjusted charges seen for males in extreme risk of mortality within each year. 

When considering the interaction of risk of mortality and rurality, we found the average 
charge of fall-related hospitalization among those aged 65 years and older was generally lowest 
among individuals in the most urban areas among those with minor risk of mortality. Among 
those with minor risk of mortality, those in the most rural areas had significantly higher adjusted 
charges than those in the most urban areas in each year. Among those in higher levels of 
mortality, we generally found that within each level of mortality (excluding minor) those in the 
second most urban areas (large fringe metro areas) and in the most rural areas (noncore) had 
higher relative charges than those in the most urban areas, after adjusting for all other terms in 
the model. 

Table 4 presents results from fully adjusted analyses based on data by year separately. 
Approximately 46–70% (depending on the year) of the variation in costs was accounted for by 
differences between hospitals. Individuals aged 65–69 years had higher average costs than those 
in older age groups after controlling for all other terms in the model. 

When considering the interaction of risk of mortality and sex, we find the adjusted costs 
were generally higher with increasing risk of mortality for both males and females, with the 
highest adjusted costs seen for males in extreme risk of mortality within each year. 









 



When considering the interaction of risk of mortality and rurality, we found the average 
cost of fall-related hospitalization among those aged 65 years and older was generally lowest 
among individuals in the most urban areas among those with minor risk of mortality. Among 
those with minor risk of mortality, those in the most rural areas had significantly higher adjusted 
costs than those in the most urban areas in each year. Among those in higher levels of mortality, 
we found that within each level of mortality (excluding minor) those in the second most urban 
areas (large fringe metro areas) and in the most rural areas (noncore) had higher relative costs 
than those in the most urban areas, after adjusting for all other terms in the model. 

Discussion 

Consistent with national projections in the growth of the older adult population, the 
number of fall-related hospitalizations increased across all years of study among those aged 65 
years and older. The total charges of fall-related hospitalizations among those aged 65 years and 
older were more than 3.6USD billion in 2014, up from less than 2.5USD billion in 2011. In 
terms of percent increase, the growth in cost outpaced the growth in the population of adults 
aged 65 years and older in Texas at the same time. The same was true for estimated costs. More 
specifically, the total charges of fall-related hospitalizations among those aged 65 years and older 
increased from nearly 2.5USD billion in 2011 to 2.8USD billion in 2012, 3.2USD billion in 2013 
and over 3.6USD billion in 2014. This represents a percent change (growth) of nearly 47% 
across the entire study period. The total costs (charges multiplied by the cost to charge ratio) also 
increased over time from less than 900USD million in 2011 to over 1.1USD billion in 2014. This 
represents a percent change (growth) of nearly 27%. This percentage well exceeds growth in the 
population aged 65 year and older, which increased from approximately 2.6 million in 2011 to 
over 3 million in 2014, a percent change (growth) of nearly 15%. 

The variation in charges and cost attributable to clustering at the hospital level (i.e., 
variation attributable to being treated in one hospital versus another) was high. This variation in 
charges and cost may be due to a variety of factors; however, it remains an important component 
in under-standing the factors associated with medical costs attributed to fall-related 
hospitalizations. For example, some have suggested increases in medical charges by hospitals 
may be related to outlier payment mechanisms from CMS, given certain incentives to increase 
prices to qualify for outlier payments (Levinson, 2013). More research into why this variation 
exists is needed to identify targets for improving costs. 

The growth in older adults is expected to increase dramatically in developed nations and 
even more so in developing nations (World Health Organization, 2011). Falls and fall-related 
injuries are expected to increase due to the growing older population globally (World Health 
Organization, 2007). Thus, access to and utilization of fall prevention strategies for older 
community-dwelling individuals are critical. Further, policy makers and other key stakeholders 
have increasingly recognized the role of not only individual-level characteristics and their 
relationship in identifying differential health and related outcomes, but also the major 
contribution that context and/or structural determinants of health play. For example, the World 
Health Organization (Solar & Irwin, 2010) and the US NIH (Hill et al., 2015) highlight the 
critical role of context (e.g., place-based or policy-level characteristics). This was reinforced in 



the current state-level study. State-wide surveillance efforts can use this study to identify relevant 
factors to consider when assessing the burden of falls among older adults, which can inform 
stakeholders with critical and actionable data in efforts to conduct interventions in community 
and clinical settings. Thus, this work serves as a state-wide model to provide relevant and timely 
information to inform public policy. 

Limitations 

The PUF was at the discharge-level and not necessarily at the patient-level. Individuals may have 
been included multiple times given one may be admitted and discharged multiple times 
throughout the year. Even so, the ability to assess the total costs of nearly every discharge for 4 
years was a major strength. Further, we applied the state average cost-to-charge ratio to estimate 
missing cases in which the cost-to-charge ratio was missing. While the level of missing data was 
low, missing data was not negligible and as such we did not conduct complete case analyses 
(Jakobsen et al., 2017). Using simple mean imputation is not without limitations, though the 
relatively small percent of hospitals with missing data (i.e., 6.3%-11.5%) may limit some 
potential bias (Dziura et al., 2013; Schulz & Grimes, 2002) making this approach a feasible 
alternative. Furthermore, the cost-to-charge ratios are applied at the hospital thereby applying the 
same ratio to all patients in a given hospital. Characteristics of hospitals included in the data 
were extremely limited making more detailed imputations (e.g., multiple imputations) informed 
by all relevant information impossible. Therefore, we chose a simple mean imputation. The 
methods for addressing missing data can be complex and agreement on a given approach may 
vary. For example, approaches to address missing data may include using single or multiple 
imputations (Gómez-Carracedo et al., 2014; Jakobsen et al., 2017), however, deciding on a 
particular approach should be informed by considering multiple issues. While a full discussion of 
these approaches is beyond the scope of this study, we recommend future studies explore the 
potential implications of using multiple methods (Nasir et al., 2016) with similar data. While we 
were able to account for major predictors of fall-related hospitalization (e.g., age, risk of 
mortality), we did not have detailed information on the full scope of factors that may influence 
fall-related hospitalizations (e.g., detailed injury types and related causes). Further research that 
explores other more direct factors associated with fall-related hospitalization is recommended. 
While the hospital’s teaching status is not included in the fully adjusted analyses, it was included 
in exploratory analyses and indicated no significant association (p < .05, data not shown) with 
variation in cost. The PUF was limited in terms of not having all characteristics of hospitals that 
may affect cost. For example, theoretical frameworks informing our study highlight multiple 
structural or contextual factors, yet our analyses were limited to using rurality and hospital as the 
major contextual characteristic in analyses. Examination of hospital characteristics influencing 
cost is highly recommended for future research, as this will narrow the knowledge gap into 
understanding both major drivers in higher cost and factors associated with potential cost 
savings. However, we were able to include both individual and geospatial characteristics of 
individuals and their residence in addition to accounting for the nested structure of the data. 

The PUF used in this study did not include records for counties with fewer than five 
discharges per quarter. In addition, the age grouping used for patients with HIV/AIDS was not 



consistent with that of all other observations (i.e., larger age ranges) and as such was excluded 
from the current analyses. Finally, for multi-level models, we were restricted to hospitals with a 
unique hospital ID. Hospitals with fewer than 50 discharges in a single quarter were assigned a 
single ID that prevented distinguishing them for analyses in the PUF. Furthermore, it was not 
possible to determine whether individuals traveled to the nearest hospital for treatment, as the 
patient address was absent from the PUF. Finally, cost and charges are not normally distributed 
in many cases. Thus, potential bias may be introduced when using models that assume normality 
in our outcomes (i.e., a normal distribution). While we did compare both log-transformed models 
and raw charges and cost, we found the results were generally consistent between the raw models 
and log-transformed models. The decision to present raw charges and costs was also informed by 
the relatively large sample size in the current analyses (Mihaylova et al., 2011). Even so, it is 
possible some degree of bias may have been introduced in our analyses. Findings should be 
interpreted in light of these limitations. 

 

Conclusions 

This study reinforces the importance of identifying variation in charges and cost across hospitals 
throughout states. Policy makers, who are increasingly interested in bringing down the high costs 
of medical care, can use this information to inform resource allocation, such as grant funding to 
evidence-based practices (e.g., fall prevention programs delivered in the community and clinical 
settings). Those in clinical settings, such as administrators who are involved in increasing quality 
of care, can use this study as a means of informing continued analyses (e.g., continuous quality 
improvement) of potential mechanisms associated with higher costs and determine if quality and 
costs follow similar patterns. Further, patients, who are increasingly concerned about the cost of 
medical care, may benefit from ongoing investigations into lowering cost, while also improving 
the quality of care received. State-wide analyses are valuable to both local and state-wide 
stakeholders. Identifying, trends, namely increases in the incidence and the cost of fall-related 
hospitalizations and factors related to cost (e.g., risk of mortality, rurality) can help inform 
stakeholders (e.g., practitioners, researchers, policy-makers) about the magnitude of falls in their 
respective states, thus informing policy makers about the growing and somewhat ameliorable 
cost of falls across the US. Findings suggest that an older adult’s residence setting (i.e., living in 
rural areas) impacts fall-related hospitalization costs and that large variations in cost are 
attributable to hospitals. US per capita medical cost of falls among older adults were higher than 
Australia and the UK (Heinrich et al., 2010); as such, national analyses may then allow for 
global comparisons of national fall-related costs among older adults, further increasing 
understanding of macro-level factors influencing individual outcomes. 
 
Ethical approval 
This study was considered exempt and approved by the Institutional Review Board (IRB # 
IRB2013–0774M) of the affiliated university of the lead author (Texas A&M University). 
 
Disclosure statement 
No potential conflict of interest was reported by the authors. 
 
 



ORCID 
Samuel D Towne  http://orcid.org/0000-0002-7310-5837 
Matthew Lee Smith  http://orcid.org/0000-0002-8232-9285 
SangNam Ahn   http://orcid.org/0000-0002-5690-7627 
Shinduk Lee   http://orcid.org/0000-0003-1336-819X 
Aya Yoshikawa   http://orcid.org/0000-0002-0152-9948 
Luohua Jiang   http://orcid.org/0000-0002-2281-7260 
 

 

References 
 
Anderson, G. F. (2010). Chronic care: Making the case for ongoing care. Robert Wood Johnson 
Foundation. 
 
Barro, J. R., Huckman, R. S., & Kessler, D. P. (2006). The effects of cardiac specialty hospitals 
on the cost and quality of medical care. Journal of Health Economics, 25(4), 702–721. 
https://doi.org/10.1016/j.jhealeco.2005.11.001 
 
Bell, B. A., Ene, M., & Schoeneberger, J. (2013). A multilevel model primer using SAS PROC 
MIXED. Paper presented at the SAS Global Forum. 
Carroll, N. V., Delafuente, J. C., Cox, F. M., & Narayanan, S. (2008). Fall-related hospitaliza- 
tion and facility costs among residents of institutions providing long-term care. Gerontologist, 
48(2), 213–222. https://doi.org/10.1093/geront/48.2.213 
 
CDC. (2010). Web-based injury statistics query and reporting system (WISQARS). National 
Center for Injury Prevention and Control, Centers for Disease Control and Prevention  [2010 
June 14]. 
 
CMS. (2013). Details for title: FY 2013 final rule data files. U.S. Centers for Medicare & 
Medicaid  Services.  https://www.cms.gov/Medicare/Medicare-Fee-for-Service-Payment 
/AcuteInpatientPPS/FY-2013-IPPS-Final-Rule-Home-Page-Items/FY2013-Final-Rule-Data 
-Files.html. 
 
Davis, J., Robertson, M., Ashe, M., Liu-Ambrose, T., Khan, K., & Marra, C. (2010). 
International  comparison  of  cost  of  falls  in  older  adults  living  in  the  community:     A 
systematic review. Osteoporosis International, 21(8), 1295–1306. https://doi.org/10. 
1007/s00198-009-1162-0 
  
Dziura, J. D., Post, L. A., Zhao, Q., Fu, Z., & Peduzzi, P. (2013). Strategies for dealing with 
missing data in clinical trials: From design to analysis. The Yale Journal of Biology and 
Medicine, 86(3), 343. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3767219/ 
 
Edelstein, J. E., & FISPO, C. (2008). Update on falls prevention for community-dwelling older 
adults: Review of single and multifactorial intervention programs. Journal of Rehabilitation 
Research and Development, 45(8), 1135. https://doi.org/10.1682/JRRD.2007.10.0169 



 
Florence, C. S., Bergen, G., Atherly, A., Burns, E., Stevens, J., & Drake, C. (2018). Medical 
costs of fatal and nonfatal falls in older adults. Journal of the American Geriatrics Society, 66(4), 
693–698. https://doi.org/10.1111/jgs.2018.66.issue-4 
 
Gómez-Carracedo, M., Andrade, J., López-Mahía, P., Muniategui, S., & Prada, D. (2014).     A 
practical comparison of single and multiple imputation methods to handle complex missing data 
in air quality datasets. Chemometrics and Intelligent Laboratory Systems, 134, 23–33. 
https://doi.org/10.1016/j.chemolab.2014.02.007 
 
Haddad, Y.K., Bergen, G., & Florence, C.S. (2019). Estimating the economic burden related to 
older adult falls by state. J Public Health Manag Pract, 25(2), E17–E24. doi:10.1097/ 
PHH.0000000000000816 PubMed PMID: 29757813; PubMed Central PMCID: PMC6314899 
 
Heinrich, S., Rapp, K., Rissmann, U., Becker, C., & König, -H.-H. (2010). Cost of falls in old 
age: A systematic review. Osteoporosis International, 21(6), 891–902. https://doi.org/10. 
1007/s00198-009-1100-1 
 
Hill, C. V., Pérez-Stable, E. J., Anderson, N. A., & Bernard, M. A. (2015). The national institute 
on aging health disparities research framework. Ethnicity & Disease, 25(3), 245. 
https://doi.org/10.18865/ed.25.3.245 
 
Jakobsen, J. C., Gluud, C., Wetterslev, J., & Winkel, P. (2017). When and how should multiple 
imputation be used for handling missing data in randomised clinical  trials–a  practical guide 
with flowcharts. BMC Medical Research Methodology, 17(1), 162. https://doi.org/10. 
1186/s12874-017-0442-1 
Levinson, D. R. (2013). Department of Health and Human Services. Office of Inspector General. 
Medicare hospital outlier payments warrant increased scrutiny. https://oig.hhs. 
gov/oei/reports/oei-06-10-00520.pdf. 
 
McLeroy, K. R., Bibeau, D., Steckler, A., & Glanz, K. (1988). An ecological perspective on 
health promotion programs. Health Education & Behavior, 15(4), 351–377. https://doi.org/ 
10.1177/109019818801500401 
 
Mihaylova, B., Briggs, A., O’Hagan, A., & Thompson, S. G. (2011). Review of statistical 
methods for analysing healthcare resources and costs. Health Economics, 20(8), 897–916. 
https://doi.org/10.1002/hec.1653 
 
Moudouni, D. K. M., & Phillips, C. D. (2013). In-hospital mortality and unintentional falls 
among older adults in the United States. Journal of Applied Gerontology, 32(8), 923–935. 
https://doi.org/10.1177/0733464812445615 
 
Nasir, A., Gurupur, V., & Liu, X. (2016). A new paradigm to analyze data completeness of 
patient data. Applied Clinical Informatics, 7(3), 745–764. https://doi.org/10.4338/ACI-2016- 04-
RA-0063 
 



National Center for Health Statistics (NCHS). (2014). 2013 Nchs urban-rural classification 
scheme for counties. Retrieved from: https://www.cdc.gov/nchs/data_access/urban_rural. htm 
 
National Institute on Aging, National Institute of Health, & World Health Organization. (2011). 
Global health and aging. Bethesda. 
 
Perelman, J., & Closon, M.-C. (2011). Impact of socioeconomic factors on in-patient length of 
stay and their consequences in per case hospital payment systems. Journal of Health Services 
Research & Policy, 16(4), 197–202. https://doi.org/10.1258/jhsrp.2011.010047 
  
Reed-Jones, R. J., Solis, G. R., Lawson, K. A., Loya, A. M., Cude-Islas, D., & Berger, C. S. 
(2013). Vision and falls: A multidisciplinary review of the contributions of visual impairment to 
falls among older adults.  
Maturitas, 75(1), 22–28. https://doi.org/10.1016/j.matur itas.2013.01.019 
 
Rubenstein, L. Z., & Josephson, K. R. (2006). Falls and their prevention in elderly people: What 
does the evidence show? Medical Clinics of North America, 90(5), 807–824. https:// 
doi.org/10.1016/j.mcna.2006.05.013 
 
Schulz, K. F., & Grimes, D. A. (2002). Sample size slippages in randomised trials: Exclusions 
and the lost and wayward. The Lancet, 359(9308), 781–785. https://doi.org/10.1016/S0140- 
6736(02)07882-0 
 
Sibley, K. M., Voth, J., Munce, S. E., Straus, S. E., & Jaglal, S. B. (2014). Chronic disease and 
falls in community-dwelling Canadians over 65 years old: A population-based study exploring 
associations with number and pattern of chronic conditions. BMC Geriatrics, 14(1), 22. 
https://doi.org/10.1186/1471-2318-14-22 
 
Solar, O., & Irwin, A. (2010). A conceptual framework for action on the social determinants of 
health. World Health Organization. 
Sturnieks, D. L., Tiedemann, A., Chapman, K., Munro, B., Murray, S. M., & Lord, S. R. (2004). 
Physiological risk factors for falls in older people with lower limb arthritis. Journal of 
Rheumatology, 31(11), 2272–2279. http://www.jrheum.org/content/31/11/2272.long 
 
Texas Department of State Health Services (TDSHS). Center for Health Statistics Texas Health 
Care Information Collection. Texas Hospital Inpatient Discharge Public Use Data File (PUDF) 
User Manual.  
 
Texas Department of State, Health Services, Center for Health Statistics, Austin, Texas. 2018. 
https://www.dshs.state.tx.us/thcic/hospitals/Inpatient-Data- Dictionary,-2Q2018.pdf 
 
Texas Hospital Inpatient Discharge Public Use Data File. (2011–2014). Texas Department of 
State, Health Services, Center for Health Statistics. Austin, Texas. 
 
Thurman, D. J., Stevens, J. A., & Rao, J. K. (2008). Practice parameter: Assessing patients in a 
neurology practice for risk of falls (an evidence-based review): Report of the quality standards 



subcommittee of the American academy of neurology. Neurology, 70(6), 473–479. 
https://doi.org/10.1212/01.wnl.0000299085.18976.20 
 
Towne, S. D., Fair, K., Smith, M. L., Dowdy, D. M., Ahn, S., Nwaiwu, O., & Ory, M. G. (2018). 
Multilevel comparisons of hospital discharge among older adults with a fall-related 
hospitalization. Health Services Research. 2018 Aug;53(4):2227–2248. doi:10.1111/1475- 
6773.12763. Epub 2017 Aug 31. PubMed PMID: 28857156; PubMed Central PMCID: 
PMC6051977. 
 
Towne, S. D., Jr, Ory, M. G., & Smith, M. L. (2014). Cost of fall-related hospitalizations among 
older adults: Environmental comparisons from the 2011 Texas hospital inpatient discharge data. 
Population Health Management, 17(6), 351–356. https://doi.org/10.1089/ pop.2014.0002 
 
Towne, S. D., Jr, Smith, M. L., Xu, M., Lee, S., Sharma, S., Smith, D., Li, Y., Fucci, Y., & Ory, 
M. G. (2019). Trends in geospatial drivers of fall-related hospitalizations and asset mapping of 
fall prevention interventions for vulnerable older adults. Journal of Aging and Health, 2019 Jan 
7:898264318822381. doi: 10.1177/0898264318822381. [Epub ahead of 
print] PubMed PMID: 30614341. 
 
Towne, S. D., Smith, M. L., Yoshikawa, A., & Ory, M. G. (2015). Geospatial distribution of fall-
related hospitalization incidence in Texas. Journal of Safety Research, 2015 Jun;53:11–6. 
https://doi.org/10.1016/j.jsr.2015.01.002 
 
Vincent, G. K., & Velkoff, V. A. 2010. The Next Four Decades: The Older Population in the 
United States: 2010 to 2050. Current Population Reports, 25–1138, U.S. Census Bureau, 
Washington, DC. https://www.census.gov/prod/2010pubs/p25-1138.pdf 
  
World Health Organization. (2007). WHO global report on falls prevention in older age. Geneva. 
World Health Organization. (2011). Global health and ageing. https://www.who.int/ageing/ 
publications/global_health.pdf 
 
Yoshida, S. (2007). A global report on falls prevention: Epidemiology of falls. World Health 
Organization. https://doi.org/10.1094/PDIS-91-4-0467B. https://www.who.int/ageing/pro 
jects/1.Epidemiology%20of%20falls%20in%20older%20age.pdf 
 

 

CONTACT Samuel D Towne Jr. samuel.towne@ucf.edu Department of Health Management and 
Informatics & Disability, Aging, and Technology Cluster, University of Central Florida, 
Orlando, Florida 32816, USA. This article has been republished with minor changes. These 
changes do not impact the academic content of the article. © 2020 Taylor & Francis 

 




