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Abstract

Background: Frailty is a key determinant of clinical outcomes. We sought to describe frailty among U.S. Veterans and its association with mortality.
Methods: Nationwide retrospective cohort study of regular Veterans Affairs (VA) users, aged at least 65 years in 2002-2012, followed
through 2014, using national VA administrative and Medicare and Medicaid data. A frailty index (FI) for VA (VA-FI) was calculated using
the cumulative deficit method. Thirty-one age-related deficits in health from diagnostic and procedure codes were included and were updated
biennially. Survival analysis assessed associations between VA-FI and mortality.

Results: A VA-FI was calculated for 2,837,152 Veterans over 10 years. In 2002, 35.5% were non-frail (FI = 0-0.10), 32.6% were pre-frail
(FI = 0.11-0.20), 18.9% were mildly frail (FI = 0.21-0.30), 8.7% were moderately frail (FI = 0.31-0.40), and 4.3% were severely frail (FI >
0.40). From 2002 to 2012, the prevalence of moderate frailty increased to 12.7%and severe frailty to 14.1%. Frailty was strongly associated
with survival and was independent of age, sex, race, and smoking; the VA-FI better predicted mortality than age alone. Although prevalence
of frailty rose over time, compared to non-frail Veterans, 2 years’ hazard ratios (95% confidence intervals) for mortality declined from a peak
in 2004 of 2.01 (1.97-2.04), 3.49 (3.44-3.55), 5.88 (5.79-5.97), and 10.39 (10.23-10.56) for pre-frail, mildly, moderately, and severely frail,
respectively, to 1.51 (1.49-1.53), 2.36 (2.33-2.39), 3.68 (3.63-3.73), 6.62 (6.53-6.71) in 2012. At every frailty level, risk of mortality was
lower for women versus men and higher for blacks versus whites.

Conclusions: Frailty affects at least 3 of every 10 U.S. Veterans aged 65 years and older, and is strongly associated with mortality. The VA-FI
could be used to more accurately estimate life expectancy and individualize care for Veterans.
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The accelerated pace of population aging presents a formidable chal-
lenge to health care systems worldwide. This is especially true for
the Department of Veterans Affairs (VA), as over 4.5 million U.S.
Veterans are now 75 and older (1), creating an urgent need to pro-
mote healthier aging and target resources to those who need them
most. VA has been a leader in using risk prediction to identify vulner-
able Veterans, and has disseminated a tool nationally for determin-
ing short-term clinical risk (2). Like most models used to identify
the risk of adverse clinical outcomes, this tool is strongly age driven.
However, age itself is not the bearer of risk; rather, age-associated
health deficits create vulnerability to adverse health events, leading
to a state known as frailty (3-7). Because the minority of people
older than 85 years become frail (4, 7-11), conventional prediction
models lose accuracy when they rely heavily on age (5, 12).

In large clinical data sets, frailty can be defined by a frailty index
(FI), a simple count of health-related deficits. The FI is based on a
robust theory of aging and has been validated across diverse popula-
tions (13-16). An automated FI based on electronic medical record
data was recently deployed across the entire British health care sys-
tem to help primary care providers individualize clinical risk (14).
Frailty has previously been defined in Veterans using claims data
or prospective clinical assessments in small cohort studies (17-19)
and a large VA surgical cohort (20), but its prevalence across VA
is unknown. To demonstrate the potential utility of an FI for VA,
we calculated an FI in a national Veteran cohort (VA-FI) based on
recently validated methods in Medicare (15) and used it to describe
trends in frailty and associated mortality over a period of 10 years.

Methods

Study Population

All Veterans at least 65 years who used VA services between 2002
and 2012, defined as having at least one VA clinic visit and one set of
routine vitals (eg, blood pressure) and labs (eg, lipids), were included.
Cohort entry required Veterans have at least one visit to a VA pro-
vider during the year of entry. Follow-up began at the last visit date
in the year of cohort entry (index date). Data were queried bienni-
ally, thus a participant could contribute a single year or multiple
years. The same inclusion criteria applied at each interval of 2 years.
Once a Veteran entered the cohort, they were followed until death.

Frailty Definition

We defined frailty according to the cumulative deficit method,
using variables in the national VA administrative data set linked
to Medicare and Medicaid files (13, 16), as has been validated in
Medicare and other data sets (14, 21-24). All variables included in
the FI met the following four criteria (13): (a) related to health status,
(b) increased in prevalence with age, (c) did not reach a prevalence of
100% before age 65, and (d) covered a range of systems such as cog-
nition, function, and morbidity. We repeated the VA-FI calculation
biennially using the same variables at each assessment (13). A mini-
mum of 30 deficits has been recommended (13), although variations
with 11-90 deficits have been published (16). The total number
of deficits for an individual are counted and divided by the total
number of possible variables to give a score between 0 and 1 (13).
For example, a Veteran with 10 of 30 possible deficits would have
a VA-FI score of 10/30 = 0.33. Given the size of our database, and
based on previously published literature, we categorized the VA-FI
into five groups: non-frail (0-0.1), (9, 25) pre-frail (0.11-0.20) (9,
25), and divided overall frailty into mild (0.21-0.30), moderate
(0.31-0.40), and severe (>0.4) categories, respectively. In analyses

that examined frail versus non-frail, frailty was defined as a score at
least 0.21 (9, 25, 26).

Deficits in the VA-FI encompassed variables related to morbid-
ity (eg, arthritis, diabetes), functional status (codes for debility and
durable medical equipment), cognition and mood (eg, dementia
and depression), sensory impairment (eg, hearing or visual impair-
ment), and other geriatric syndromes (eg, incontinence) (15). In all,
31 variables were identified from diagnostic and procedure codes
(Supplementary Table A1). Variables for a given year that the VA-FI
was calculated were drawn from the year in question and two pre-
ceding years, using both inpatient and outpatient codes. If a Veteran
did not have any claims including the relevant codes, the variable
was considered absent; thus, deficits could drop off the index in sub-
sequent years. To ensure complete capture of claims data, Medicare
and Medicaid data were included in addition to VA data.

Covariates and Outcome

We extracted data on age, sex, race, ethnicity, geographic location,
and smoking status at the time of each VA-FI calculation. Smoking
was identified from electronic medical records using data extrac-
tion methods and was available for all Veterans (27). Geographic
region was defined according to the 21 Veterans Integrated Service
Networks. Because VA data may not be all inclusive, vital status
was confirmed using the National Death Index and was available
for 100% of the data set. Mortality follow-up continued through
2014.

Statistical Analysis

Trends in frailty by Veterans Integrated Service Networks were
described over a period of 10 years, at an intervals of 2 years from
2002 to 2012, adjusted for age, race, ethnicity, and smoking sta-
tus. The 2007 cohort was used as the reference cohort for stand-
ardization purposes. We used Kaplan—-Meier curves to demonstrate
the relationship between frailty status and mortality. We used the
STRATA statement in SAS to adjust the curves for age, race, eth-
nicity, and smoking status. The smooth appearance of the curves is
due to the very large sample size. Follow-up began from the date of
VA-FI calculation. Median survival time was calculated from 2002
through the end of follow-up for men and women to allow for a clin-
ical interpretation of survival by an age interval of 10 years (65-75,
75-85, >85). Kaplan—-Meier estimates were used for all categories
except women aged 65-75 years for which we used a gamma model
as median survival had not been achieved by the end of the study.
Heat maps were used to visualize the biennial prevalence of frailty
geographically across the 21 Veterans Integrated Service Networks.
To reflect the most current state of frailty in available VA data, and
assess the nonlinear relationship between frailty level and risk of
death over 2 years, we used the most recent data available (2012-
2014) and fit a restricted cubic spline plot, specifying six knots. We
used a VA-FI of 0.22, the mean VA-FI score for the population in
2012, as the reference value.

All analyses were performed using SAS 9.4 (SAS Institute, Cary,
NCQC). A two-tailed p value less than.05 was considered statistically
significant.

The institutional review board at the VA Boston Medical Center
approved this study.

Results

Over 10 years, 2,837,152 Veterans had at least one VA-FI calcu-
lated. In 2002, the cohort included 1,606,774 Veterans, whose mean
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age was 74.6 years (SD 5.8); 98.2% were male and 91.1% were
white. By 2012, the cohort had grown to 1,920,659 Veterans, mean
age was 76.7 years (SD 8.1), 98.0% were male, and 88.8% were
white. Over 99% had Medicare and/or Medicaid insurance in add-
ition to VA coverage, highlighting the need to include Medicare/
Medicaid information. Sample comorbidities are shown in Table 1.
We found that the prevalence of heart disease, cancer, hyperten-
sion, advanced kidney disease, and stroke plateaued in 2006-2008.
However, the prevalence of dementia, diabetes, incontinence, per-
ipheral neuropathy, and mood disorders continued to rise over time
(Supplementary Table A2). Due to the size of the cohort, all compari-
sons were statistically significant.

Prevalence and Limits of Frailty
In 2002, the median VA-FI score for the population was 0.16
(interquartile range = 0.13) and increased to 0.19 (interquartile

range = 0.23) by 2012. In 2002, 35.5% were classified as non-frail,
32.6% pre-frail, 18.9% mildly frail, 8.7% moderately frail, and
4.3% severely frail. Over the decade, the prevalence of mild frailty
remained relatively stable (18.9% and 19.7%). By 2012, the preva-
lence of moderate frailty had increased by nearly 50% to 12.7%,
and severe frailty had more than tripled to 14.1% (Table 1).

There was substantial variability in the prevalence of frailty by
region. Crude prevalence was highest in the Southeast (>46%) and
lowest in areas of the West (<37%). After adjusting for age, race,
ethnicity, and smoking status, the prevalence of frailty increased over
time across all regions of the country, shown in the heat maps in
Supplementary Figure A1. Overall, greater than 99% of the cohort
had a VA-FI £0.7. The maximal FI in the cohort increased from 0.87
in 2002 to 0.94 in 2012. Veterans with a VA-FI greater than 0.8 rep-
resented less than 0.01% of the cohort (Table 1). The 99th percentile
VA-FI score was 0.52 in 2002 and rose to 0.65 in 2012.

Table 1. Characteristics of U.S. Veterans of age at least 65 years, 2002-2012

2002 2004 2006 2008 2010 2012
N = 1,606,774 N =1,909,317 N =1,973,895 N =1,951,194 N = 1,900,044 N =1,920,659

Age (mean, SD) 74.6 (5.8) 75.6 (6.2) 76.4 (6.6) 76.9 (7.1) 77.1(7.5) 76.7 (8.1)
Male sex (%) 98.2 98.2 98.2 98.1 98.1 98.0
Race category

White 91.1 91.0 90.8 90.4 89.8 88.8

Black 7.5 7.5 7.7 8.0 8.5 9.3

Other 1.4 1.5 1.5 1.6 1.7 1.9
Smoking status (ever) 77.8 78.0 78.4 78.9 79.1 79.2
Arthritis (%) 47.6 51.5 53.0 52.8 51.9 51.9
Cognitive impairment or 7.8 12.0 15.4 17.1 18.0 18.0
dementia (%)
Diabetes (%) 32.1 34.9 37.6 39.3 40.0 40.8
Heart disease (%) 46.5 48.8 49.6 48.7 46.7 44.3
Hypertension (%) 77.7 82.6 85.7 86.4 85.2 84.1
Use of assistive device 2.6 5.7 3.9 4.0 4.9 6.5
(%)
Insurance status (%)

VA only 0.7 0.7 0.6 0.7 0.7 1.0

VA + Medicare 90.0 90.3 90.9 91.8 92.8 93.1

VA + Medicaid 0.1 0.1 0.1 0.1 0.1 0.2

VA + Medicare and 9.2 8.9 8.4 7.4 6.4 5.7
Medicaid
District (%)

Continental 15.2 15.6 15.8 16.0 16.2 16.5

Midwest 23.1 22.8 22.7 22.4 22.1 21.7

North Atlantic 24.1 23.5 23.2 23.0 22.6 22.3

West 13.4 13.8 14.2 14.6 15.1 15.6

Southeast 24.2 24.3 24.1 24.0 24.0 23.9
Frailty (%)

Non-frail 35.5 28.8 25.3 24.2 24.8 25.2

Pre-frail 32.6 31.2 30.4 29.5 28.7 28.3

Mild frailty 18.9 20.7 21.1 20.9 20.2 19.7

Moderate frailty 8.7 11.5 12.8 13.2 13.1 12.7

Severe frailty 4.3 7.8 10.4 12.2 13.3 14.1
Frailty score (median, 0.16 (0.13) 0.16 (0.19) 0.19 (0.19) 0.19 (0.19) 0.19 (0.19) 0.19 (0.23)
IQR)
99% FI 0.52 0.55 0.58 0.61 0.65 0.65
Maximum FI value 0.87 0.87 0.90 0.90 0.94 0.94
% with extreme FI values

>0.5 1.1 2.5 3.7 4.7 5.6 6.3

>0.7 0.0 0.1 0.1 0.2 0.3 0.5

Note: FI = Frailty index; IQR = interquartile range; VA = Veterans Affairs.
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Frailty and Mortality

Table 2 displays 2 years’ hazard ratios and 95% confidence
intervals for mortality, adjusted for age, sex, race, smoking, and
Veterans Integrated Service Network. The lethality of frailty
peaked in 2004 with hazard ratios (95% confidence inter-
vals) of 2.01(1.97-2.04), 3.49(3.44-3.55), 5.88(5.79-5.97),
and 10.39(10.23-10.56) for pre-frail, mildly, moderately, and
severely frail, respectively, to 1.51(1.49-1.53), 2.36(2.33-2.39),
3.68(3.63-3.73), 6.62(6.53-6.71) in 2012. Table 3 demonstrates
2 and § years’ survival for men and women by age category from
2002 to 2008 and 10 years’ survival from 2002. Frailty was asso-
ciated with lower rates of mortality in women than men regard-
less of age group or frailty level (Figure 1; Supplementary Figure
A2). Estimated median survival from the start of follow-up is
shown for men and women in Table 4. Black Veterans had higher
rates of mortality at every level of frailty throughout follow-up
(Supplementary Figure A3). The relationship between frailty level
and survival changed over time, even after adjusting for age, sex,
race, ethnicity, and smoking status (Supplementary Figures A1l
and A2.)

We fit a cubic spline of the fully adjusted Cox model for 1,920,659
Veterans followed from 2012 to 2014 to examine the relationship
between VA-FI level and 2 years’ mortality. A score greater than 0.21
was associated with an increased risk of death; the risk increased
logarithmically with the VA-FI to a limit of 0.94. Higher scores were
not compatible with life, as shown in Figure 2.

To directly compare the value of age versus VA-FI, we performed
a survival analysis for 2 years’ mortality from 2002. VA-FI alone was
found to be a better predictor of survival than age alone (Akaike
information criterion [AIC] reduction of 55,633).

Discussion

We calculated an automated FI from claims data in cohort of nearly
3 million regular users of VA and found a prevalence and severity
of frailty higher than that reported in other populations. The preva-
lence, severity, and lethality of frailty was associated not only with
age, but varied substantially by sex, race, and geographic region.
Frailty was strongly associated with survival and independent of
age, sex, race, and smoking status, suggesting that the VA-FI could

be used to improve tools for both longer-term clinical risk prediction
and shorter-term prognostication.

In 2002, life tables predicted that an average male aged
75-85 years had an additional estimated life expectancy of 7.8—
10.3 years (28). When adjusted for the VA-FI, as shown in Table 4,
the estimated median survival could be as low as 3.8 years and
as high as 10.4 years, yielding a more accurate understanding of
remaining life expectancy. For example, consider two 75-year-old
male Veterans in 2008, both at moderate risk of cardiovascular dis-
ease. A VA-specific life expectancy table would attribute to both an
average survival of 10.2 years (29). However, one has an FI of 0.4,
predicting a 42% risk of death in 2 years, and a 70% risk of death
in 5 years. If the assumptions are true, then he is unlikely to live the
additional 2—5 years needed to derive benefit from primary prevent-
ive therapy such as with statins (5). The other Veteran is non-frail
with an FI less than 0.1. He will likely live substantially longer than
predicted, and benefit from preventive therapies with even a time
of 10 years to benefit, such as screening colonoscopy (5). The first
Veteran may be biologically similar to someone older than 85 years,
whereas the “biological” age of the second is closer to 65 years. Like
gait speed, a highly integrated measure of function that also power-
fully predicts clinical outcomes (30), an FI expresses the overall state
of an individual’s health. An automated and readily available FI
could help VA modernize its approach to the care of its population
by determining where individual Veterans actually lie on the frailty
spectrum (31).

The prevalence of frailty in our population ranges from 32% in
2002 to 47% in 2012. This is substantially higher than the 9%-34%
prevalence found in other studies with a similar age distribution (9,
24,25, 32). Although difficult to directly compare the results of FI
across cohorts unless they are standardized to a common popula-
tion, it is plausible that Veterans would have a higher burden of
frailty (33). A 2016 RANS corporation report found VA users have
twice the rate of diabetes and three times the rate of cancer of the
general U.S. population (1). There is also mounting evidence that
Veterans accumulate deficits more rapidly than their civilian coun-
terparts; 80% of individuals with post-traumatic stress disorder
have at least one other mental health condition, and substantially
higher risks of obesity, hypertension, cardiovascular, and metabolic
disease than expected (34, 35).

Table 2. Hazard Ratios (95% Confidence Intervals) for 2Years’ and Overall Mortality by Frailty Category Among U.S. Veterans of age at least

65 Years (2002-2014)

Hazard Ratios' (95% confidence intervals)

Overall
2002 2004 2006 2008 2010 2012 (2002-2014)
Non-frail Ref Ref Ref Ref Ref Ref Ref
FI<0.1
Pre-frail 2.06 (2.02,2.10) 2.01 (1.97,2.04) 1.74 (1.72,1.77) 1.69 (1.66, 1.72) 1.57 (1.54, 1.59) 1.51 (1.49, 1.53) 1.47 (1.46, 1.48)
FI>0.1 to <0.2
Mildly frail 3.61(3.54,3.67) 3.49 (3.44, 3.55) 2.95(2.90,2.99) 2.78 (2.74,2.82) 2.47 (2.43,2.50) 2.36 (2.33,2.39) 2.07 (2.05, 2.08)

FI>0.2 t0 0.3

Moderately frail ~ 5.94 (5.82, 6.06)
FI >0.3 to <0.4
Severely frail
FI >0.4

5.88(5.79, 5.97)

9.82(9.61,10.03)

4.89 (4.82,4.96) 4.49 (4.42,4.55) 3.87 (3.82, 3.93) 3.68 (3.63, 3.73) 2.85 (2.83, 2.87)

10.39 (10.23,10.56) 8.57 (8.45, 8.70) 7.89 (7.77, 8.00) 6.87 (6.78, 6.96) 6.62 (6.53,6.71) 4.13 (4.10, 4.17)

Note: FI = Frailty Index.
tAdjusted for sex, race, age, region and smoking.
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Figure 1. Kaplan-Meier curves for mortality in men and women (2002-2014).

The upper limit of the VA-FI reached 0.9 in 2012, higher than
that has been reported in any other cohort (36). Data from Canada,
Asia, and Europe previously suggested that an FI greater than 0.7 is
not compatible with life (36, 37). The higher limit in VA users may
be a reflection of the high prevalence of health deficits in Veterans.
An alternative explanation is that Veterans are more resilient than
other populations; they were selected on the basis of good health at
their time of military service, and many are survivors of the World
Wars, Korea War, and Vietnam War. Future work is needed to under-
stand those with extreme VA-FI scores.

We observed a number of patterns seen in other cohorts, includ-
ing higher frailty levels in female versus male Veterans, and a

stronger association between frailty and mortality in black versus
white Veterans (22, 38). Our heat map of frailty status mirrors that
of a recently published study of inequality in U.S. life expectancy at
the county level from 1980 to 2014, which found up to a variabil-
ity 20 years (39). Socioeconomic and race/ethnicity status, behav-
ioral and metabolic risk factors, and health care factors explained
the majority of the disparity. Of these, behavioral and metabolic risk
factors were the most significant, and both are strong risk factors for
frailty. Addressing these disparities may have an impact on reversing
the rising prevalence of frailty seen in our cohort. Further work is
needed to understand the impact of the regional variation in frailty
we observed.

The overall declining lethality of frailty over time seen in our
study has been described in a cohort of 1,473 older adults fol-
lowed for 30 years in Sweden (40). That the decline was within
only 10 years is interesting, and may reflect improvements in
preventive care, such as less tobacco use, preventive treatments
for cardiovascular disease, screening for cancer, and increased
awareness of healthy lifestyles. It could also represent changes
in coding (41); however; the prevalence of frailty as meas-
ured by definitions that do not rely on diagnostic codes has
also been rising (16). This is in part due to population aging,
but also to improved treatments and interventions for chronic
conditions that allow people to live to ages where they accu-
mulate age-dependent diseases. Recent data from the United
Kingdom used two cohorts, all older than 65 years and pre-
dominantly female, to compare FI values over two decades (42).
Mean FI values were found to have increased slightly for both
men and women (0.15 to 0.16 and 0.20 to 0.2,1 respectively);
however, the association between frailty and mortality remained
robust. Our data are consistent with these findings, though our
cohort is majority male, and in a different country, suggesting
that the FI provides robust prediction of mortality across time
and different populations.

An FI is most informative when age is not an accurate reflection
of global health; this occurs in individuals aged 70-90 years but
also in younger people with a high burden of health deficits (43). It
could be used to help improve the accuracy of existing prediction
models by accounting for unmeasured confounding of health defi-
cits not considered in a parsimonious approach. A claims-based FI
such as ours has been shown to have similar outcomes to a survey-
based FI (15). It is also a better predictor of disability, falls, and
use of long-term care resources than the commonly used Charlson
index (15), which is composed only of diagnoses and does not
account for deficits in functional, cognitive, or other aging-relevant
domains.

Our study has several limitations. It was conducted in
Veterans, limiting generalizability. Only about 2% were women;
however, this translates to 30,000-40,000 women in each year of
follow-up. We used only one of a number of robust methods to
measure frailty (7). However, our approach has been well vali-
dated (14, 15). The VA-FI does not include laboratory or clinical
data such as vital signs. We chose not to include these variables
as they would introduce significant missing data that cannot be
assumed to be missing at random (15). Future work to improve
the VA-FI may capitalize on novel tools using natural language
processing that capture data in the written electronic health
record (44). Our study also has important strengths. The size and
richness of the data set available allowed us to examine frailty
trends over time in multiple subgroups of Veterans. Combining
VA data with Medicare and Medicaid ensured very little missing
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Table 4. Twelve Years’ Median Survival Time According to Fl Level for U.S. Veterans of age at least 65 Years

2002 Median Survival Time (years)

Men ‘Women

Aget Aget Aget Aget Aget Aget
Frailty Score 65-74 75-84 >85 65-74 75-84 >85
FI<0.1 13.0 10.4 6.4 19.2 11.6 7.4
>0.1 to 0.2 12.4 8.7 5.7 15.1 10.5 6.5
>0.2 t0 0.3 9.5 7.0 4.8 12.0 8.8 5.6
>0.3 to 0.4 6.8 5.4 3.8 8.5 7.0 4.5
FI> 0.4 4.6 3.8 2.8 6.0 5.1 3.7
All FI 12.9 8.0 4.9 15.6 9.5 5.7

Note: FI = Frailty Index.

From Kaplan-Meier estimates.

From gamma model because median had not been achieved by the end of the study.
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Figure 2. Association between level of frailty and 2 years’ all-cause mortality
in U.S. Veterans of age at least 65 years (2012-2014).

data as 100% of our population was covered by one of these
three insurances.

Conclusion

Frailty affects at least 3 of every 10 U.S. Veterans age 65 and older,
varying by geographic region, and is strongly associated with mor-
tality. A simple index of health deficits easily calculated from claims
data is a powerful potential tool for improving risk prediction in
older and complex populations. More work is needed to determine

how this tool might complement existing models and to understand
how frailty in Veterans might be prevented or mitigated.
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