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Abstract

Background: Although frailty status is dynamic, whether changes in frailty predict mortality is 

unknown.

Objective: Describe 1-year changes in a frailty index (FI) and association with mortality

Design: Secondary analysis of the National Health in Aging Trends Study

Setting: Community

Participants: 5672 Medicare Beneficiaries 65 and older

Measurements: A deficit accumulation frailty index was measured in 2011 and 2012, based on 

multidomain assessment including comorbidities, activities of daily living, physical tasks, 

cognition, and performance testing. We categorized 2011 FI into robust (FI<0.15), pre-frail (FI 

0.15–0.24), mild frailty (FI 0.25–0.34), and moderate to severe frailty (FI ≥0.35). Change in frailty 

was calculated as the FI change from 2011 to 2012, then categorized as either absolute (>0.045 

decrease, 0.015–0.045 decrease, ±0.015 change, 0.015–0.045 increase, >0.045 increase) or 

proportional change (>20% decrease, 5–20% decrease, ±5% change, 5–20% increase, 20% 

increase). We measured the association of FI change with 48-month mortality using Cox 

regression.

Results: From 2011 to 2012, mean FI increased by 0.02 (standard deviation 0.07), with 58.6% 

having an increase. After adjusting for age and sex, compared to stable frailty, both absolute 

(>0.045) and proportional (>20%) increases in frailty were associated with higher 48-month 

mortality among pre-frail participants (hazard ratio [HR] 2.35, 95% confidence interval [1.45–

3.79] and HR 2.57 [1.38–4.78], respectively), and participants with mild frailty (HR 1.96 [1.35–

2.85] and 2.10 [1.41–3.14]) and moderate or severe frailty (HR 1.99 [1.48–2.67] and 1.94 [1.43–

2.63]) but not robust participants (HR 1.48 [0.86–2.54], HR 1.62[0.80–3.28]). However, absolute 

(>0.045) and proportional (>20%) decrease in frailty was not associated with decrease in mortality 
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compared to stable frailty (large decrease among moderate to severe frailty, HR 1.10 [0.78–1.56] 

and 0.65 [0.37–1.15], respectively).

Conclusions: Increasing deficit accumulation FI over one year is associated with increased 

mortality risk. While decreasing FI occurs, its association with reduced mortality risk was 

inconclusive.
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INTRODUCTION

Frailty is characterized by diminished physiologic reserve and decreased ability to tolerate 

and recover from stressors.1 Although the relationship between a one-time assessment of 

frailty and mortality has been demonstrated extensively,2,3 how changes in frailty are 

associated with mortality remains less well described. Frailty status is dynamic and can 

worsen,4,5 although this work largely used phenotypic frailty,6 and thus did not account for 

cognitive or psychosocial factors. Previous studies on longitudinal changes in a deficit-

accumulation frailty index (FI) have used diagnosis codes from electronic medical records to 

measure deficits.7 These remain imperfect measures due to limited clinical details. For 

example, it is difficult to capture improvements from diagnosis codes in a sensitive way, as 

diagnoses will generally accumulate. Yet some markers of frailty, such as gait speed or 

functional status, can improve with interventions such as physical therapy8 or joint 

replacement. Understanding how an FI changes over time and the impact of these changes 

may inform measurement and applications of frailty in clinical practice. In this context, we 

examined the 1-year change in frailty and 4-year mortality in a sample of community-

dwelling older adults.

METHODS

Population

We used data from the National Health in Aging Trends Study (NHATS) from 2011 through 

2017. NHATS is sponsored by the National Institute on Aging (grant number NIA 

U01AG032947) through a cooperative agreement with the Johns Hopkins Bloomberg 

School of Public Health. It is a nationally-representative sample of Medicare beneficiaries 

over the age of 65 surveyed annually. Participants and proxies are interviewed at home by 

trained surveyors. Informed consent was obtained from all participants by NHATS. The 

Hebrew SeniorLife Institutional Review Board approved this study.

We included all NHATS participants from the Round 1 (2011) wave. Participants were 

excluded if they were not community-dwelling in Round 1 (n=1048), did not have enough 

data to calculate frailty at Round 1 (n=28), were lost to follow up (n=964) or died (n=533) 

within a year, thus precluding assessment of FI change from Round 1 to Round 2.
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Clinical Assessment

Demographic characteristics including race and gender were self-reported. Age is reported 

categorically (65–69, 70–74, 75–79, 80–84, 85–89, ≥90 years). Medical history (including 

dementia) was self-reported, as were activities of daily living ([ADLs] - feeding, dressing, 

grooming, bed mobility, bathing, toileting), instrumental activities of daily living ([IADLs] - 

laundry, transport, shopping, meal preparation, managing money, managing medications), 

and physical tasks (pushing/pulling heavy objects, stooping or kneeling, lifting 10 lbs., 

reaching arms above shoulder, handling small objects, walking up a flight of stairs, walking 

half a mile, heavy housework). Depression and anxiety were measured using Patient Health 

Questionnaire-2 (PHQ score ≥2) and Generalized Anxiety Disorder 2-item (GAD score ≥2), 

respectively.10 We defined hearing impairment and visual impairment based on previously 

used definitions in NHATS.11 Gait speed and grip strength were calculated as the average of 

two attempts. The time needed to complete 5 chair stands on a single attempt was measured. 

Cognitive measures included tests of orientation, 10-word recall, and clock draw.12

Estimation of FI and Change in FI

We used a previously described deficit accumulation FI,13,14 which includes 40 deficit 

variables: 13 self-reported comorbidities, 6 ADLs, 6 IADLs, 7 self-reported physical tasks, 3 

performance measures (gait speed, grip strength, chair stands), 3 neuropsychiatric measures 

(cognitive testing, PHQ-2, GAD-2), and 2 nutritional measures (body mass index [BMI] <21 

kg/m2, self-reported unintentional weight loss >10 lbs.). The FI was calculated for each year, 

as the proportion of deficits present divided by the number of deficits considered (range: 0–

1, higher numbers indicating higher frailty). Frailty was categorized as robust (FI<0.15), pre-

frail (0.15–0.24), mild frailty (0.25–0.34), and moderate-to-severe frailty (≥0.35).

Change in frailty was calculated as the difference in FI from Round 1 to Round 2; thus, a 

positive change indicates increasing deficits and worsening frailty. Prior literature on change 

in FI has suggested that the minimally clinically important difference in FI is 0.03.15 

However, some studies have also examined change as a percentage of baseline frailty level.
16 Given lack of consensus to quantify FI change, we categorized change by both absolute 

change (>0.045 decrease, 0.015–0.045 decrease, ±0.015 change, 0.015–0.45 increase, 

>0.045 increase) and proportional change (>20% decrease, 5–20% decrease, ±5% change, 

5–20% increase, 20% increase).

Assessment of Mortality

Month and year of death were obtained from follow-up interviews with caregivers. 

Observations were censored at the time of last known follow-up interview or 48 months 

from the Round 2 interview, whichever came first.

Statistical Analysis

Demographic and clinical characteristics were summarized using descriptive statistics in 

Round 1 and Round 2. To understand the overall change in FI in one year, we calculated the 

mean and standard deviation of the change in FI and examined histogram for the overall 

sample and by FI category at Round 1. We calculated the number of deaths per 100 person-

years and estimated 48-month mortality risk stratified by Round 1 frailty category and 1-
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year FI change using Kaplan-Meier estimators. We used log-rank test to compare mortality 

among FI change categories. Multivariable Cox proportional hazards regression was used to 

determine the hazard ratio (HR) and 95% confidence interval (CI) between 1-year change in 

FI and mortality, adjusting for age and sex within each Round 1 frailty status. Additionally, 

we tested the interaction between the Round 1 frailty category and FI change. All analyses 

were performed using Stata version 16 (StataCorp, Texas) survey procedures to account for 

the complex sampling design of NHATS, and findings were weighted to reflect national 

estimates of the Medicare population. A 2-sided p-value <0.05 was considered statistically 

significant.

RESULTS

Our final sample included 5672 participants, who were 3267 (55.8%) female and 3883 

(80.7%) white. After 4 years of follow-up from the Round 2 survey assessment, 1039 

(13.6%) participants had died. The most common comorbidity in 2011 was hypertension 

(n=3817, 63.7%), while all comorbidity prevalence increased modestly over 1 year (Table 

1). Mean FI at Round 1 was 0.24 (standard deviation [SD] 0.13), and 0.25 (SD 0.14) one 

year later, with a mean FI of 0.02 (SD 0.07). Overall, those with higher baseline frailty 

showed less mean change in FI, but a greater SD (Supplemental Figure 1): the mean FI 

change (SD) for robust, pre-frail, mild frailty and moderate-to-severe frailty was 0.025 

(0.05), 0.02 (0.06), 0.013 (0.07), and 0.001 (0.11), respectively.

Absolute Change in Frailty and Mortality

Generally, an increase in FI over 1 year was associated with increased mortality at 48 

months across all frailty levels (Figure 1). An increase in FI by >0.045 was associated with a 

higher mortality rate than those with stable FI, except for those who were robust at Round 1 

(Table 2). After adjusting for age and sex, a large increase (>0.045) in FI was not 

significantly associated with mortality in those who were robust at Round 1 (HR [95% CI], 

1.45 [0.86–2.54]). However large increases in FI were associated with mortality in those 

with pre-frailty (HR 2.35 [1.45–3.79]), mild frailty (HR 1.96 [1.35–2.85]), and moderate-to-

severe frailty (HR 1.99 [1.48–2.67]).

A reduction in FI over 1 year was not significantly associated with 48-month mortality risk 

(Figure 1). A decrease in FI by >0.045 was not significantly associated with mortality (Table 

2). After adjusting for age and sex, a large decrease (>0.045) in FI was not significantly 

associated with mortality in any frailty category at Round 1 (robust HR 1.35 [0.42–4.40], 

pre-frail HR 1.43 [0.74–2.75], mild frailty HR 0.70 [0.34–1.45], moderate-to-severe frailty 

HR 1.10 [0.78–1.56]). The interaction between the Round 1 frailty category and FI change 

category was not significant in either absolute or proportional change in FI (p=0.53 and 

p=0.10 respectively).

Proportional Change in Frailty with Mortality

After adjusting for age and sex, a large increase (>20%) in FI was associated with mortality 

among those with pre-frailty (HR 2.57 [1.38–4.78]), mild frailty (HR 2.10 [1.41–3.14]), and 

moderate-to-severe frailty (HR 1.94 [1.43–2.63]), but not robust participants at Round 1 (HR 
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2.22 [1.67 – 3.03]). After adjustment for age and sex a large decrease (>20%) in FI was not 

significantly associated with mortality in any frailty category (robust HR 1.25 [0.63 – 2.83], 

pre-frail HR 1.94 [0.93–4.05], mild frailty HR 0.76 [0.33–1.75], moderate-to-severe frailty 

HR 0.65 [0.37–1.15]).

DISCUSSION

To our knowledge, this is the first analysis of annual FI change and mortality in a nationally 

representative survey of older adults in the United States. Our main findings can be 

summarized as follows: 1) nearly half of the population had a decrease in FI over 1 year; 2) 

mean FI changed less among those with higher baseline frailty, although they had larger 

variation in FI change; 3) increases in FI were associated with greater mortality among pre-

frail or frail individuals, but not among robust individuals, and 4) decreases in FI were not 

consistently associated with lower mortality. These findings inform applications of FI in 

clinical practice.

Previous work using cross-sectional data estimated that deficit accumulation occurs at a rate 

of 3% per year on a logarithmic scale.17 A recent study suggested that a change in FI of 0.03 

was sensitive to detect small changes in EuroQol-5D, a global measure of health status.15 

Another study compared frailty measurements from different time points, concluding that 

the most recent frailty measurement was a better predictor of mortality.16 Our study builds 

upon prior work by assessing FI longitudinally and examining associations between FI 

change and mortality. While changes in FI are associated with future mortality risk, this 

pattern seems to vary by baseline status. Among robust individuals, large changes in FI did 

not consistently predict mortality. Although this could be due to low mortality rates in this 

group, robust individuals may have adequate reserve and resilience to deficit accumulation.

Our work provides insights into repeated FI measurements. In our population, the prevalence 

of chronic conditions increased over 1 year, but the ability to perform ADLs, IADLs, and 

physical tasks can change more frequently. As a result, FI models that heavily rely on 

diagnoses may not be sensitive to change (in particular, improvement), unless they are 

updated frequently.4,18 While the optimal proportion of diagnosis-based deficits versus 

functional status deficits in FI calculation remains unknown, diagnosis-heavy FI may not be 

useful for tracking frailty over time, as chronic comorbidities tend to only increase. 

Moreover, a lack of association between decreases in FI and mortality raises a question 

about the utility of FI as an outcome to evaluate the benefit of an intervention. Further 

research is warranted to investigate the selection of deficit items to maximize the 

responsiveness of FI to improvement in health status.

This work has limitations. Because our study population only included community-dwelling 

Medicare beneficiaries 65 years or older, our conclusions may not generalize to younger 

populations or those who are institutionalized. To calculate the change in FI, we required 

that participants be interviewed for two consecutive years. The exclusion of the frailest 

individuals who died or dropped out between Round 1 and Round 2 may have affected our 

results towards the null and reduce precision. Lastly, changes in frailty, particularly 
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decreases, may still be associated with improved quality of life and other meaningful clinical 

outcomes, which were not explored in this study.

CONCLUSION

In a nationally representative sample of older adults, we found marked variation in changes 

in FI over 1 year by baseline frailty status. Increasing FI was associated with increased 

mortality risk among pre-frail or frail individuals, but not among robust individuals. 

Decreasing FI was observed, but it was not consistently associated with lower mortality risk.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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IMPACT STATEMENT

We certify that this work is novel of recent novel clinical research. To our knowledge, 

this is the first analysis of annual FI change and mortality in a nationally representative 

survey of older adults in the United States.
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Figure 1. Risk of mortality by 1-year change in Frailty Index (FI) and Baseline frailty status
Risk of mortality was estimated from Kaplan Meier curves and p-values were from the log 

rank test to compare mortality among FI change categories. Frailty categories are based on 

2011 Frailty Index, separated into robust (FI<0.15), pre-frail (FI 0.15–0.24), mild frailty (FI 

0.25–0.34) and moderate to severe frailty (FI ≥0.35).
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Figure 2: 
Frailty categories are based on 2011 Frailty Index, separated into robust (FI<0.15), pre-frail 

(FI 0.15–0.24), mild frailty (FI 0.25–0.34) and moderate to severe frailty (FI ≥0.35). Cox 

regression models are adjusted for age and sex. Groups defined as follows for absolute vs 

proportional change, respectively: Stable Frailty (±0.015 or ±5%), Large Decrease (<−0.045 

or <−20%), Small Decrease (−0.015–0.045 or −5–20%), Small Increase (0.015–0.045 or 5–

20%), Large Increase (>0.045 or >20%).
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Table 1:

Characteristics of the sample at baseline (2011) and after 1 year (n=5672)

Round 1 (2011) Round 2 (2012)

Age

 65–69 1132 (30.1) 885 (23.5)

 70–74 1229 (25.8) 1207 (26.9)

 75–79 1172 (19.5) 1207 (21.2)

 80–84 1127 (14.1) 1148 (15.4)

 85–89 642 (7.6) 772 (9.2)

 ≥90 370 (2.9) 453 (3.9)

Female 3267 (55.8) 3267 (55.8)

Race

 White 3883 (80.7) 3883 (80.7)

 Black 1251 (8.4) 1251 (8.4)

 Other 538 (10.9) 538 (10.9)

Medical Comorbidities

Heart Attack 841 (13.4) 930 (14.9)

Heart Disease 1026 (17.0) 1196 (19.6)

Hypertension 3817 (63.7) 3952 (66.0)

Arthritis 3150 (53.5) 3408 (57.8)

Osteoporosis 1147 (20.8) 1305 (23.5)

Diabetes 1429 (23.6) 1513 (25.0)

Lung disease 832 (14.6) 956 (16.7)

Stroke 630 (9.3) 710 (10.4)

Dementia 249 (3.0) 365 (4.5)

Cancer 1458 (25.6) 1584 (27.9)

Number of ADLs that need help (mean, SD) 0.3 ± 0.9 0.3 ± 1.0

Number of IADLs that need help (mean, SD) 2.3 ± 1.7 2.4 ± 1.8

*Gait Speed (mean ± SD) 0.80 ± 0.24 0.78 ± 0.23

Frailty Index (mean ± SD) 0.24 ± 0.13 0.25 ± 0.14

BMI <

Note: Percentages reflect weighted estimates. Abbreviations: ADL – Activities of Daily Living, IADLs – Instrumental Activities of Daily Living, 
SD – standard deviation

*
n for gait speed 4753 and 4650 for Round 1 and 2, respectively.
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