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Abstract

Previous studies examining the association of cognitive impairment and dementia with fracture 

outcomes in older adults have usually used standard approaches that did not take into account the 

competing risk of mortality. However, ignoring mortality may not provide accurate estimates of 

risk of fracture because dementia in older adults strongly predicts death, making mortality a 

competing risk. 1491 women (mean age 87.6 years) participating in the prospective Study of 

Osteoporotic Fractures (SOF) Year 20 exam were cognitively assessed and followed to ascertain 

vital status (deaths verified by death certificates) and hip fractures (confirmed by radiographic 

reports). Cognitive status was categorized as normal, MCI, or dementia, based on a standardized 

evaluation. Absolute probability of hip fracture by category of cognitive function was estimated 

using traditional Kaplan-Meier method and cumulative incidence function accounting for 

competing mortality risk. Risk of hip fracture by cognitive function category was determined using 

conventional Cox proportional hazards regression and sub-distribution hazards models with death 

as a competing risk. During an average follow-up of 5.6 years, 139 (9.3%) women experienced a 

hip fracture and 990 (66.4%) died before experiencing this outcome. Among women with 

dementia, the risk of hip fracture was 11.7% (95% CI, 7.3-17.2) at 5 years and 18.6% (95% CI, 

9.1-30.9) at 10 years using traditional survival analysis versus 7.9% (95% CI, 5.1-11.6) at 5 years 

and 8.8% (95% CI, 5.8-12.8) at 9.8 years using a competing risk approach. Results were similar 

for women with MCI. Women with MCI and dementia have a higher risk of hip fractures than 

women with normal cognition. However, not taking into account the competing risk of mortality 
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significantly overestimates the risk of hip fracture in women in the ninth and tenth decades of life 

with cognitive impairment.
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INTRODUCTION

Cognitive impairment and dementia have been associated with an increased risk of hip 

fracture in observational studies.(1–6) This association may be due in part to an increased 

risk of falls(7), although other mechanisms may play a role in the association, including 

effects of medications and limited mobility on bone mineral density (BMD). The observed 

increased risk of fractures observed in individuals with dementia has led to calls for 

consideration of initiation of pharmacologic treatment to improve BMD in patients with 

dementia to lower fracture risk.(8) However, an individual’s life expectancy and the time to 

benefit of any intervention are important factors in the decision-making by clinicians and 

patients, particularly when contemplating a potential intervention in older adults.

Previous studies examining the association of cognitive impairment and dementia with 

fracture outcomes in older adults have usually used standard approaches that did not take 

into account the competing risk of mortality.(1,2,4–6,9,10) However, ignoring mortality may 

not provide accurate estimates of risk of fracture because dementia in older adults strongly 

predicts death(11–13), making mortality a competing risk.

To examine the associations of dementia and mild cognitive impairment with risk of hip 

fracture, we used data from 1491 women participating in the Year 20 (Y20) examination 

(2006-2008) of the Study of Osteoporotic Fractures who completed cognitive evaluation and 

were followed for hip fractures or mortality.

MATERIALS AND METHODS

Study population

From 1986-1988, SOF recruited 9,704 ambulatory women without bilateral hip replacement 

who were ≥65 years old from population-based listings in four areas of the US: Baltimore 

County, MD; Minneapolis, MN; Portland, OR; and the Monongahela Valley, PA.(14) At the 

Year 10 visit conducted between 1997 and 1998, an additional 662 African-American 

women were enrolled in the study.

From 2006-2008, all active surviving women at three clinical centers (Minneapolis, 

Portland, and Pittsburgh) were invited to participate in the Y20 visit. 2,368 of the original 

cohort (92.6% of survivors) had at least questionnaire data collected at this visit; of these, 

1,495 completed an in-clinic examination which included a battery of neuropsychological 

tests and underwent adjudication of their cognitive status. Women were eligible for the 

present study if at Y20 they completed the cognitive assessment and had subsequent follow-

up for the hip fracture outcome (N=1491) (Figure 1).
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Hip Fracture and Mortality Assessment

Participants or their proxies were contacted every 4 months after Y20 to ascertain vital status 

and ask about hip fractures. Self-reported hip fracture events were confirmed by 

radiographic reports.(15) Deaths were verified with death certificates. Participants were 

followed for a maximum of 9.8 years, with mean (SD) follow-up time to event or censoring 

of 5.6 (2.9) years.

Measurement of Cognitive Function

Cognitive function was assessed at Y20 using a comprehensive neuropsychological test 

battery including Trails B(16), the Modified Mini-Mental State Examination (3MS)(17), the 

California Verbal Learning Test (second edition short form)(18), Digit Span (from the 

Wechsler Adult Intelligence Scale-Revised)(19), and category and verbal fluency tests.(20)

Cognitive impairment was determined in a 2-step process described elsewhere.(21) Women 

were screened for cognitive impairment at Year 20 using 1 or more of the following criteria: 

1) score <88 on the 3MS; 2) score <4 on the California Verbal Learning Test delayed (10 

minute) recall; 3) score ≥3.6 on the Informant Questionnaire on Cognitive Decline in the 

Elderly (IQCODE), a questionnaire designed to assess cognitive decline and dementia in 

elderly people completed by a relative or friend(22); 4) self-reported previous dementia 

diagnosis; or 5) nursing home or personal care home residence.

Women who screened negative were considered to have normal cognition. The women who 

screened positive had their cognitive status adjudicated by a panel of clinical experts, which 

included a neurologist, 2 neuropsychologists, and a geropsychologist, who were blinded to 

the actigraphy results. Information used for assessment included the Visit 9 

neuropsychological battery scores, IQCODE, prior cognitive test scores, years of education, 

medical history, medications, Geriatric Depression Scale score (GDS), and functional status. 

A diagnosis of dementia was made based on the Diagnostic and Statistical Manual of Mental 

Disorders, 4th edition criteria.(23) MCI was diagnosed using a modified Petersen Criteria.

(24) Participants were classified as having cognitive impairment if they had a diagnosis of 

MCI or dementia.

Other Measures

At the Y20 visit, participants completed a questionnaire and were asked about self-reported 

health, smoking status, and whether they walked for exercise. A medical history was 

obtained, including a history of stroke, diabetes, Parkinson’s disease, chronic obstructive 

pulmonary disease, prior fracture, arthritis, coronary heart disease (angina/myocardial 

infarction), congestive heart failure, and peripheral vascular disease. Using this self-reported 

medical history, a comorbidity score for each participant was calculated as the sum of these 

comorbid conditions (range 0-9). Women were classified as married or not married (a 

category that included widowed, divorced, separated, or never married). Body mass index 

(BMI) was calculated using measures of body weight and height. Participants were queried 

about race/ethnicity and education at the time of initial enrollment in SOF. Gait speed was 

calculated for each participant by measuring the time in seconds to walk six meters at a 

usual pace expressed as m/s.
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Living situation was categorized as living independently if participants reported that they 

lived in a private home, retirement home or senior complex; they were categorized as not 

living independently if they lived in a nursing home or assisted living.

Statistical analysis

Characteristics of the 1491 participants in our analytic cohort were summarized using means 

and standard deviations for continuous data and counts and percentages for categorical data. 

We compared characteristics in the three cognitive status subgroups using analysis of 

variance for normally distributed continuous variables; chi-square or Fisher’s exact test for 

categorical data; Kruskall-Wallis for skewed variables.

To estimate the absolute probability of hip fracture during follow-up by cognitive function 

category, we used two approaches: 1) calculating 1-KM, where KM is the traditional 

Kaplan-Meier (KM) survival function that that treats mortality as a censored observation; 

and 2) estimating the cumulative incidence function that considers mortality as a competing 

risk.(25) Kaplan-Meier estimates the cumulative incidence that would be observed if the 

competing risk could be removed, an approach appropriate for censoring by loss to follow-

up, but less so for censoring by death. In contrast, the cumulative incidence function 

estimates cumulative incidence accounting for the fact that participants who experience the 

competing event first (death in this instance) can never go on to experience the event of 

interest (hip fracture in this instance).

To determine adjusted associations of cognitive function category with risk of hip fracture 

after the Y20 examination, we used conventional Cox proportional hazards regression 

models that treat mortality as uninformative censoring and sub-distribution hazards models 

proposed by Fine and Gray that consider death as a competing risk.(26) In Fine-Gray sub-

distribution models, women who died prior to experiencing a hip fracture are not censored; 

rather those who die before hip fracture are ‘immortalized” – that is, they are retained in the 

risk sets for all subsequent hip fracture events. The motivation behind the modification of the 

risk sets is to estimate the effect of covariates on cumulative risk as opposed to instantaneous 

risk. It is often the case that risk factors are similar for both the primary event and the 

competing event, in which case using the Fine-Gray model could result in the attenuation 

and perhaps even reversal of estimates for covariates from the standard Cox model. Using 

both approaches, associations were initially adjusted for age as a continuous variable, race, 

and site and then further adjusted for characteristics associated with cognitive function 

category (continuous variables education and gait speed, and categorical variables self-

reported health and living independently). For standard Cox models, proportional hazards 

(PH) assumption was assessed using Schoenfeld’s residuals and the Kolmogorov-type 

Supremum Test. For Fine-Gray sub-distribution models, proportional hazards (PH) 

assumption was assessed using Schoenfeld’s residuals. Age was determined to be the only 

variable that violated the PH assumption in the models for both standard Cox and Fine-Gray 

approaches. Thus an interaction between age and log of follow-up time was included in the 

final base and multivariable models to account for the violation of PH assumption by age.

We used a complete case analysis for the multivariate models.
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Statistical analysis was performed using SAS (version 9.4; SAS Institute, Cary, NC, USA).

RESULTS

Among the 1491 women in our analytical cohort, the mean (SD) age of the participants at 

the Y20 examination was 87.6 (3.4) years. 351 (23.5%) were categorized as having mild 

cognitive impairment, 268 (18.0%) were categorized as having dementia, and 872 (58.5%) 

were normal cognition. Characteristics of the cohort overall and by category of cognitive 

function category are shown in Table 1. Women not included in the analysis who had at least 

minimal information collected at Year 20 (N=873) were generally older, in poorer health and 

had slower walk speed and higher multimorbidity score, compared to those in our analytic 

cohort (Supplementary Table 4).

There were 139 women (9.3%) who had hip fracture and 990 (66.4%) who died without 

experiencing incident hip fracture in the follow-up period (up to 9.8 years) with mean (SD) 

time to event or censoring of 5.6 (2.9) years. The crude incidence rate of hip fracture was 

16.7 (95% CI 13.9-19.5) per 1,000 person years and crude mortality rate was 113.5 (95% CI 

106.4-120.6) per 1,000 person-years (Table 1). Women with dementia had the highest rate of 

hip fracture and mortality (20.8 [95% CI 12.3-29.2] and 199.2 [173.6-224.7] per 1,000 

person-years, respectively). Compared to women with dementia, the rate of hip fracture was 

similar for women with MCI (20.3 [95% CI 13.7-26.9] per 1,000 person-years), but lower 

for women with normal cognition (14.7 [95% CI 11.5-18.0] per 1,000 person-years). 

Women with MCI had a lower mortality rate than women with dementia (130.9 [95% CI 

114.6-147.2] per 1,000 person-years) and women with normal cognition had even lower 

mortality rate (89.8 [95% CI 82.0-97.6] per 1,000 person years).

Using traditional survival analysis (Figure 2A) or the competing risk approach (Figure 2B), 

the absolute probability of hip fracture was higher among women with dementia and those 

with MCI, compared to women with normal cognitive function. Among women with MCI 

and dementia, the competing risk approach compared with traditional survival analysis 

resulted in a lower estimate of absolute hip fracture probability and the difference in 

estimates was greater as duration of follow-up increased. For example, among women with 

dementia, the absolute probability of hip fracture was 11.7% (95% CI, 7.3-17.2) at 5 years 

and 18.6% (95% CI, 9.1-30.9) at 9.8 years using traditional KM survival analysis versus 

7.9% (95% CI, 5.1-11.6) at 5 years and 8.8% (95% CI, 5.8-12.8) at 9.8 years using a 

competing risk approach (Table 2). Similarly, the absolute probability of hip fracture among 

women with MCI was 11.3% (95% CI, 7.8-15.5) at 5 years and 14.8% (95% CI, 10.3-19.9) 

using traditional KM approach versus 8.9% (95% CI, 5.9-11.9) at 5 years and 10.5% (95% 

CI, 7.5-13.9) at 9.8 years using a competing risk approach.

Women with dementia compared to those with normal cognition appeared to have a 1.45-

fold higher risk of hip fracture (hazard ratio [HR] 1.45; 95% CI, 0.89, 2.34) as calculated by 

Cox regression (Table 3), adjusting for age, race, site, and interaction between age and log 

follow-up time, albeit not at the level of significance. Women with MCI had a 1.59-fold 

higher risk of hip fracture (HR 1.59; 95% CI, 1.07-2.38) compared to women with normal 

cognition. However, in sub-distribution models, this minimally adjusted risk of hip fracture 
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among women with dementia was substantially attenuated (HR 1.00; 95% CI, 0.63-1.60); it 

was also attenuated for women with MCI (HR 1.31; 95% CI, 0.88-1.96).

Further adjustment for potential confounders (education, self-reported health status, living 

independently) or consideration of potential mediators (gait speed) and interaction between 

age and log follow-up time, modestly reduced the association between dementia and MCI 

and risk of hip fracture in Cox regression models. The impact of consideration of these 

additional covariates was similar in sub-distribution models (Table 3).

In secondary analyses, we combined participants with MCI and dementia into one category 

of cognitive impairment. Those results appear in Supplemental Tables 1–3 and Supplemental 

Figures 1a and 1b. Findings were similar in this analysis, with an association between 

cognitive impairment and risk of hip fracture observed, although attenuated when 

accounting for the competing risk of mortality.

DISCUSSION

In this prospective study of primarily community-dwelling older women late in life, women 

with MCI and dementia, who comprised 41.5% of the overall cohort, were at higher risk of 

hip fracture compared to women with normal cognition. However, there was also a graded 

association between cognitive status and mortality with mortality among those with 

dementia nearly 10-fold the rate of hip fracture. Thus, not taking into account the competing 

risk of mortality among women with cognitive impairment overestimated their absolute 

fracture probability and adjusted fracture risk. Differences in the probability calculated by 

the two approaches increased with increasing duration of follow-up time.

Clinicians caring for older adults often face the conundrum of weighing the risks and 

benefits of interventions to prevent adverse outcomes or treat specific medical conditions 

against the competing risk of mortality.(27) However, many studies examining the 

association of potential risk factors with incidence of disease-related clinical outcomes in the 

geriatric population often do not take into account the competing risk of death, which can 

lead to overestimates of incidence of these disease events in this population, particularly if 

the competing risk of mortality is high. It has previously been suggested that older women 

with dementia may be at high risk of hip fracture and should be targeted for drug treatment 

to lower fracture risk.(8) However, our results highlight the importance of consideration of 

the competing risk of mortality when evaluating potential risk factors such as cognitive 

impairment as predictors of hip fracture in older adults.

Previous work has described an association of cognitive impairment and dementia with risk 

of hip fracture. This body of research has included cross-sectional analyses (5,6,10,28) 

which are limited by survival bias. Most prospective studies(1,2,4,9) which have evaluated 

the association of cognition with risk of incident hip fracture have not used rigorous 

adjudication of cognitive status as in the present study or have not assessed risk after 

accounting for competing mortality.

For clinicians caring for the oldest old, decisions about treatment options to prevent adverse 

outcomes, such as hip fracture, are complex. Hip fractures are associated with significant 
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morbidity and mortality and result in institutionalization for a significant proportion of those 

who survive.(29,30) However, the addition of an intervention in the oldest old, particularly 

those with dementia, is often associated with burden and risk of potential harm – oral 

bisphosphonates require regular dosing with significant restrictions on the timing of 

administration and measures to prevent gastrointestinal side effects. Intravenous zoledronic 

acid, administered once annually, or denosumab administered by subcutaneous injection 

every 6 months may be more convenient options for this population, but they too come with 

risk of adverse effects as well as logistical issues in the clinical setting, particularly for 

patients with limited mobility and supportive services.

Limited data is available in the very elderly (e.g. aged 80 years and older) regarding 

pharmacologic treatment to prevent hip fractures and those that have included women over 

80 years of age (26–28) have excluded women with significant cognitive impairment. The 

HIP study (Hip Intervention Program Study)(31) enrolled women aged 80 years and older 

who were selected primarily based on non-skeletal risk factors (e.g. difficulty standing from 

a sitting position, a poor tandem gait, or a fall-related injury during the previous year), rather 

than based on a BMD T-score consistent with osteoporosis. In this trial, which also excluded 

women with cognitive impairment, there was no significant reduction in hip fractures 

(n=3886, relative risk 0.8, CI 0.6-1.20, p=0.35) amongst women aged ≥80 years randomized 

to risedronate vs. placebo.

The Zoledronic Acid for Osteoporotic Fracture Prevention (ZEST-II) trial is evaluating the 

safety and efficacy of intravenous zoledronic acid infusion for the prevention of fractures in 

women age 65 years and older residing in long-term care facilities; participants will include 

women with cognitive impairment and will include many women aged 80 and older.(32) The 

results of that trial will be informative, although the applicability to community dwelling 

women may be limited. Of note, the ZEST-II trial is testing whether drug treatment in 

institutionalized older women is efficacious in fracture prevention. Reducing hip fractures in 

older adults with underlying cognitive impairment will likely require interventions 

specifically targeted at reduction in fall risk, as an increased risk of falls has been observed 

in older adults with cognitive impairment(3) and is a significant contributor to hip fracture 

risk.

Although we report here the 10-year risk of fracture by category of cognitive impairment, 

given the age and risk of mortality in the cohort a shorter time horizon is likely more 

clinically relevant. At 5 years of follow-up, accounting for the competing risk of mortality 

also attenuated the association of cognitive impairment and hip fracture risk; at 3 years of 

follow-up, however, the effect of the competing risk of mortality was minimal. These results 

highlight the need for providers and patients to consider the time to benefit of any treatment, 

as well as an individual’s life expectancy in making clinical decisions about treatment. Thus, 

fracture risk assessment tools that provide individual patient-based estimates of fracture 

probability might be improved by incorporation of patient-based estimates of competing 

mortality risk because available tools either do not take into account competing risk of death 

or only account for country-specific death rates.(33–35)
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Of note, estimates of the risk of hip fracture were similar for women with MCI and for 

women with dementia. This may be related to the small number of hip fractures in each 

category of cognitive impairment. Alternatively women with MCI, perhaps healthier and 

with fewer mobility limitations than women with dementia, may be more active than women 

with dementia and thus at increased risk of falls. Additional investigations into the 

comparative associations of MCI and dementia with incident hip fracture are warranted.

The study has several strengths, including a rigorous adjudication of cognitive status, as well 

as rigorous ascertainment of incident hip fractures and mortality. However, the study is 

limited by the small number of hip fractures in each category of cognitive function, as well 

as the homogenous cohort, which predominantly consists of Caucasian women, though this 

demographic accounts for approximately two-thirds of the hip fractures in the US.(36) In 

addition, our results cannot be generalized to women in long-term care facilities/nursing 

homes, as most of the women in the cohort were living in the community and likelier 

healthier than women with cognitive impairment who are institutionalized.

In summary, women with mild cognitive impairment and dementia who survive have a 

higher risk of hip fractures than women with normal cognition. However, not taking into 

account the competing risk of mortality significantly overestimates the risk of hip fracture in 

women in the ninth and tenth decades of life with cognitive impairment. Life expectancy, 

time to benefit from treatment, harms and burden of treatment, and magnitude of benefit of 

treatment are all important considerations when making decisions about approaches to hip 

fracture risk reduction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Participant Flow
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Figure 2A: 
Cumulative Absolute Probability of Hip Fracture by Cognitive Status Using Kaplan-Meier 

Method
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Figure 2B: 
Cumulative Absolute Probability of hip fracture by cognitive status using Cumulative 

Incidence Function (Competing Risk Approach)
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Table 2.

Absolute Probability of Hip Fracture at 3, 5 Years and at End of Follow-up, with and without Accounting for 

Competing Risk of Mortality

Probability of Hip Fracture, % (95% CI)

Normal Cognition MCI Dementia

3-year Follow-up

 Traditional survival analysis 4.1 (2.9-5.6) 6.7 (4.3-9.9) 6.8 (4.0-10.7)

 Competing risk approach 3.8 (2.7-5.2) 6.0 (3.8-8.9) 5.6 (3.3-8.8)

5-year Follow-up

 Traditional survival analysis 7.2 (5.5-9.2) 11.3 (7.8-15.5) 11.7 (7.3-17.2)

 Competing risk approach 6.2 (4.8-7.9) 8.9 (5.9-11.9) 7.9 (5.1-11.6)

End of Follow-up (9.8 years)

 Traditional survival analysis 13.5 (10.5-16.8) 14.8 (10.3-19.9) 18.6 (9.1-30.9)

 Competing risk approach 9.7 (7.7-11.8) 10.5 (7.5-13.9) 8.8 (5.8-12.8)

Abbreviations: MCI, mild cognitive impairment
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Table 3.

Traditional Cox Proportional Hazards Models and Sub-distribution Models for Association of Cognitive Status 

with Hip Fracture

Hazard Ratio (95% CI)

Hip fracture (n=139) N Normal MCI Dementia

Base model
a 1491 n-event=80 n-event=36 n-event=23

 Cox proportional model 1.00 (referent) 1.59 (1.07-2.38) 1.45 (0.89-2.34)

 Sub-distribution model 1.00 (referent) 1.31 (0.88-1.96) 1.00 (0.63-1.60)

Multivariable model
b 1360 n-event=78 n-event=33 n-event=20

 Cox proportional model 1.00 (referent) 1.48 (0.98-2.28) 1.39 (0.82-2.36)

 Sub-distribution model 1.00 (referent) 1.29 (0.84-1.98) 1.08 (0.65-1.79)

Abbreviations: MCI, mild cognitive impairment

a
adjusted for site, age, and race

b
adjusted for site, age, race, education, gait speed, self-reported health status, living independently and interaction between age and log follow-up 

time
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