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Abstract

Background.  Frailty assessment provides a means of identifying older adults most vulnerable to 
adverse outcomes. Attention to frailty in clinical practice is more likely with better understanding 
of its prevalence and associations with patient characteristics. We sought to provide national 
estimates of frailty in older people.
Methods.  A popular, validated frailty phenotype proposed by Fried and colleagues was applied 
to 7,439 participants in the 2011 baseline of the National Health and Aging Trends Study, a national 
longitudinal study of persons aged 65 and older. All measures drew on a 2-hour in-person interview. 
Weighted estimates of frailty prevalence were obtained.
Results.  Fifteen percent (95% CI: 14%, 16%) of the older non-nursing home population is frail, and 45% 
is prefrail (95% CI: 44%, 47%). Frailty is more prevalent at older ages, among women, racial and ethnic 
minorities, those in supportive residential settings, and persons of lower income. Independently of these 
characteristics, frailty prevalence varies substantially across geographic regions. Chronic disease and 
disability prevalence increase steeply with frailty. Among the frail, 42% were hospitalized in the previous 
year, compared to 22% of the prefrail and 11% of persons considered robust. Hip, back, and heart surgery 
in the last year were associated with frailty. Over half of frail persons had a fall in the previous year.
Conclusions.  Our findings support the importance of frailty in late-life health etiology and potential 
value of frailty as a marker of risk for adverse health outcomes and as a means of identifying 
opportunities for intervention in clinical practice and public health policy.
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With an expanding older population, interventions to prolong 
health and tools to assist in treating medically complex patients are 
urgently needed. Such needs require that we identify older people at 

greatest risk for adverse health events; frail older adults are a major, 
identifiable subset of those most vulnerable (1). This study provides 
nationally representative estimates of frailty prevalence in 2011, and 
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characterizes, by frailty status, the risk of adverse events that affect 
health care costs and quality of life for older Americans.

Frailty assessment has been operationalized in dozens of instruments 
(2–12). Here, we employ the widely cited “Fried”/“Cardiovascular 
Health Study” (CHS) physical frailty phenotype (PFP; ref. 13). The PFP 
methodology considers frailty a syndrome of dysregulated energet-
ics resulting in slowing, fatigue, and decreased muscle mass, strength, 
and physical activity (14). It has identified older adults at increased 
risk of mortality, falls, disability, and adverse events following surgery 
(15–18). PFP-based estimates of frailty prevalence among community-
dwelling elders have ranged from 4% to 17% in studies with varying 
geographic catchment and methods of sample selection (19–21).

This paper employs the National Health and Aging Trends Study 
(NHATS), which provides a nationally representative sample of 
Medicare enrollees aged 65 and older. We estimate prevalence of 
frailty in the United States and of a subclinical, “pre-” frail state, 
by demographic characteristics and geographic region, and we also 
examine variation in chronic disease prevalence, falls, disability, and 
surgical uptake by frailty status. Thereby, we aim to highlight frailty 
as a means of identifying opportunities to intervene in clinical prac-
tice and public health policy.

Methods

Data are from the 2011 NHATS baseline. The sample was drawn 
from the Medicare enrollment file (22). The response rate of 71% 
(23) yielded 8,245 participants. In 93% of these cases, the sample 
person was able to complete the NHATS interview; otherwise, proxy 
interviews (7%) were conducted. Our initial sample was restricted 
to persons assessed in-person and dwelling in community or resi-
dential care settings outside nursing homes (n = 7,609); 170 cases 
were dropped for insufficient data (see below) leaving an analytic 
sample of 7,439. The NHATS was approved by the Johns Hopkins 
Bloomberg School of Public Health Institutional Review Board.

Measures
Frailty
Frailty was assessed by the PFP paradigm that is grounded in five 
criteria: exhaustion, low physical activity, weakness, slowness, and 
shrinking. Criteria were operationalized from NHATS interview and 
performance assessments (www.nhats.org).

Participants met criteria for “exhaustion” who reported recently 
having low energy or being easily exhausted: enough to limit their 
activities. They met criteria for “low physical activity” if, recently, 
they never walked for exercise or engaged in vigorous activities. 
Participants met criteria for “shrinking” if they had body mass 
index (BMI) less than 18.5 kg/m2, based on self-reported height and 
weight, or reported unintentionally losing 10 or more pounds in the 
last year.

“Low walking speed” was defined, using the first of two usual-
pace walking trials, as being at or below the 20th percentile of the 
weighted population distribution within four sex-by-height catego-
ries. “Weakness” was defined, using maximum dominant hand grip 
strength over two trials, as being at or below the 20th percentile 
within eight sex-by-BMI categories. These two criteria are detailed 
in Supplementary Tables 1 and 2. For each, participants not tested 
because of safety concerns, ineligible due to recent surgery or pain, 
or who attempted but were unable to complete a test, were scored as 
“0” following recommended practice (24,25). These criteria provide 
nationally representative standards.

“Frail status” was assigned using the number of criteria met: 
those with none were considered “robust”; those with one to two, 
“pre-frail”; and those with three to five, “frail.”

Demographic Characteristics
Age (5-year categories from 65 to 90 years old and a final category 
of 90 years of age or older), sex, race/ethnicity (white non-Hispanic, 
black non-Hispanic, Hispanic, other), and annual income for indi-
viduals or couples (quartiles—imputed when missing; we employed 
the first of five imputations NHATS provides) (26) were considered. 
Residence in one of nine census divisions was assigned using the 
participant’s home address.

Medical Conditions and Utilization
Participants were asked whether a doctor had ever told them they 
had: arthritis, diabetes, heart disease, high blood pressure, lung dis-
ease, osteoporosis, and stroke. Self-report of chronic conditions has 
shown good diagnostic accuracy against medical records and claims 
(27). Probable dementia was assessed using report of a diagnosis, a 
screening instrument administered to proxy respondents (28), and 
cognitive tests (29). Overnight hospitalization, surgery (back, heart, 
knee, hip), falls, and worry about falling were self-reported.

Disability
The NHATS survey assesses self-care (bathing, dressing, eating, toi-
leting), mobility (getting around inside, going outside, getting out 
of bed), and household activities (doing laundry, preparing meals, 
shopping for groceries or personal items, medication management, 
handling bills and banking). We used a hierarchical disability meas-
ure reflecting receipt of help (with any self-care or mobility activity; 
with any household activity for health or functioning reasons), no 
receipt of help but difficulty in performing one or more activities, 
and no help or difficulty with any activities.

Statistical Analysis
Persons assessed on at least three frailty criteria (including “0” 
scores) were considered eligible (n = 7,439, of whom 87.5% were 
assessed on all five criteria, 9.2% on four criteria, and 3.3% on three 
criteria). Prevalence of frailty status was examined by demographics, 
residential setting, and income. Multinomial logistic regression of 
frailty (three categories) on demographic characteristics was used 
to assess statistical significance (Wald global test for nullity of all 
predictor variable coefficients). Prevalence by census divisions was 
examined adjusting for income quartiles, age, and race/ethnicity 
using binary logistic regression. Prevalence of chronic conditions, 
prior-12 month surgeries and overnight hospitalization, falls, fear of 
falling, and disability, was examined by frailty status. Logistic regres-
sion of health conditions and events (present/absent) on frailty status 
adjusting for age and sex was used to assess statistical significance 
(Wald tests for nullity of all frailty coefficients).

To determine frailty associations with health and functional sta-
tus independent of demographic characteristics, binary and multino-
mial logistic regression were used. Number of diseases (0, 1–3, 4+), 
any surgery in the last year, any fall in the last year, and disability 
outcomes were regressed on frailty, age, gender, race, income quar-
tile, and census division.

Whereas frailty is expected to associate with disability, per-
sons with frailty preceding disability are of particular clinical 
interest. Therefore, frailty prevalence was characterized among 
persons receiving no help in functional tasks, and among persons 
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additionally not reporting any difficulty, separately for the various 
domains of disability.

Even after scoring persons who did not do a test because of 
health/safety concerns as zero (worst performance), some missing 
values remained for individuals who did not do a test for nonhealth/
safety reasons (eg, space constraints for the walking test). To address 
these, we employed multiple imputation (10 replicates) using chained 
equations (30) incorporating all variables defined above. The per-
centage imputed was 8.67% for walking speed and no greater than 
0.5% for any other variable.

We conducted three sensitivity analyses because our study dif-
fered from others, including the foundational CHS paper (13), by 
including older adults living in residential care, treating health/
safety-related inability to complete grip strength and walking assess-
ments as “lowest” outcomes rather than missing, and imputing miss-
ing item data. To assess the impact of these choices, we repeated 
frailty prevalence analyses eliminating those in residential care, 
applying published PFP criteria for walking speed and grip strength 
(13), and determining frailty status using only nonmissing criterion 
assessments. Ramifications for criterion definition are detailed in 
Supplementary Tables 1 and 2.

All analyses incorporated the NHATS sampling weights, strata, 
and clustering elements of the sample design (31).

Results

The 2011 U.S. prevalence of frailty among adults aged 65 years and 
older (excluding nursing home residents) was estimated at 15.3% 
(95% CI: 14.2%–16.4%), with 45.5% prefrail (95% CI: 44.0%–
46.9%) and 39.2% robust (95% CI: 37.7%–40.8%; Table  1). 
Expectedly, higher frailty prevalence was observed among older 

persons, women and racial/ethnic minorities, persons in residential 
care, and persons with lower incomes. The extent of variation was 
striking, with frailty prevalence 65%–85% higher for blacks and 
Hispanics than whites, more than twofold higher among those in 
residential care versus the community dwelling, and more than four-
fold higher among the oldest age group relative to the youngest, and 
the lowest income quartile relative to the highest. Individual frailty 
criterion analyses are shown in Supplementary Table 3.

There was substantial regional variation. When considered 
crudely (not shown), frailty prevalence estimates varied approxi-
mately twofold from 10.4% in the mountain/desert west to 21.8% 
in the inland south. Regional patterns persisted after adjusting 
for age and race/ethnicity (Figure 1; predicted values at mean age 
shown by income quartiles and race/ethnicity). For most regions, 
there was a generally decreasing trend in frailty prevalence with 
greater income; in the Mountain Division, frailty prevalence var-
ied little among income quartiles below the highest. Regional dif-
ferences were statistically significant only in the lowest quartile 
(p < .002, global Wald test for nullity of all region effects for the 
lowest income quartile in a model with age, race, income, region, 
and Income × Region indicators). Detail with CIs is shown in 
Supplementary Table 4.

Prevalence of chronic conditions and adverse event occur-
rence by frailty status are shown in Table  2. For every chronic 
condition, we observed a steep prevalence gradient from robust 
to frail—more than twofold for diabetes, heart disease, lung dis-
ease, osteoporosis, and stroke. For probable dementia, the gradi-
ent spanned a factor of 10. Percentages falling in the previous 
year, or worried about falling, were three to four times higher 
among the frail than the robust; for multiple falls, percentages 
were sevenfold higher. The percentage with a hospital stay in the 

Table 1.  Prevalence of Frail Status by Demographic Subgroups: National Health and Aging Trends Study, 2011; n = 7,439

Characteristic Subgroup Prevalence (%) Frail Status Prevalence Within Subgroup (%)

Robust Prefrail Frail

Age*** 28.1 51.6 39.5  8.9
  65–69 25.0 44.2 45.1 10.7
  70–74 19.1 37.2 49.3 13.5
  75–79 14.6 29.3 50.6 20.1
  80–84  9.0 19.3 47.4 33.3
  85–89  4.2 13.4 48.7 37.9
  90+
Sex***
  Male 43.6 43.8 43.3 12.9
  Female 56.4 35.6 47.2 17.2
Race/ethnicity***
  White non-Hispanic 81.7 40.8 45.3 13.8
  Black non-Hispanic  8.3 31.1 46.0 22.9
  Hispanic  6.7 28.8 46.5 24.6
  Other  3.4 40.5 45.8 13.7
Residence***
  Community 94.6 40.3 45.2 14.5
  Residential care  5.4 19.8 50.7 29.5
Income***
  Lowest quartile 23.6 23.8 50.4 25.8
  2nd quartile 24.1 32.4 47.9 19.7
  3rd quartile 26.9 43.0 46.1 11.0
  Highest quartiles 25.4 56.0 38.1  5.9

Notes: Overall prevalence estimates were 15.3% frail (95% CI: 14.2%, 16.4%), 45.5% prefrail (95% CI: = 44.0%, 46.9%), and 39.2% robust (95% CI: 
37.7%, 40.8%). Per characteristic, comparisons were statistically significant at ***p < .001.
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previous year was almost four times higher among frail persons, 
and, except knee surgery, other types of surgery also were signifi-
cantly higher.

Help with functional tasks for health reasons was rare among the 
robust (Figure 2). Large percentages of frail persons received help 
in self-care (45%), mobility (50%), and household (68%) activities, 
but considerable percentages also reported “no difficulty” (32%, 

22%, 18%, respectively). Assistance increased stepwise in the pre-
frail and frail.

Strong associations of health outcomes with frailty status per-
sisted after adjustment for age, gender, race/ethnicity, income, and 
census division (Table  3). The estimated odds of having four or 
more comorbid conditions were more than 40 times higher among 
the frail than the robust (95% CI: 24, 69); the odds were yet more 
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Figure 1.  Age-adjusted frailty prevalence by census divisions, income quartiles, and white/black race/ethnicity. Census divisions are colored as: Pacific: dark 
blue; Mountain: pink; West South Central: tan; East South Central: red; South Atlantic: purple; West North Central: dark green; East North Central: yellow; Middle 
Atlantic: light green; New England: light blue.
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highly elevated for needing help in functional tasks, whatever the 
domain. Compared to the robust, the prefrail had odds ratios of 5.0 
for having four or more diseases, and their odds of receiving help 
were increased from nearly 5 to more than 10 times across func-
tional domains.

Frailty prevalence among nondisabled persons was diminished 
compared to the overall prevalence of 15.3%, but still appreci-
able. Estimates were 9.6% (95% CI: 8.6%, 10.7%) for persons 

not receiving help in any self-care task and 6.6% (95% CI: 5.7%, 
7.4%) for persons additionally reporting no difficulty. Estimates 
of frailty prevalence for other domains ranged from 4.2% for 
persons reporting neither help nor difficulty in any household 
activity to 8.8% for persons not receiving help in any mobility 
task. Estimates of prefrail prevalence approximated those in the 
overall population regardless of domain. Detail is provided in 
Supplementary Table 5.

Table 2.  Prevalence of Diseases, Health Events, and Disability in Older Persons by Frailty Status

Health Conditions/Events Total (%) Frailty status

Robust (%) Prefrail (%) Frail (%)

Chronic diseases
  Arthritis*** 53.7 40.9 57.6 75.4
  Diabetes*** 23.8 17.2 25.5 35.4
  Heart disease*** 24.6 16.2 25.8 42.4
  High blood pressure*** 64.1 56.2 68.0 72.5
  Lung disease*** 15.6 9.2 17.5 26.2
  Osteoporosis*** 21.2 15.6 22.3 31.8
  Stroke*** 10.1 4.7 10.7 21.9
  Dementia (probable)*** 9.7 2.7 9.2 29.3
Overnight hospitalization last 12 months*** 20.9 11.1 22.1 42.4
Surgery last 12 months
  Back surgery*** 0.8 0.4 0.8 1.9
  Heart surgery** 2.2 1.5 2.6 2.8
  Knee surgery 1.5 1.2 1.7 1.6
  Hip surgery** 0.7 0.3 0.7 2.0
Falls in last 12 months*** 30.5 18.1 32.9 54.9
Fallen more than once in last 12 months*** 13.7 5.0 13.8 35.2
Worry about falling in last month*** 27.3 12.4 30.2 56.9

Notes: Crude estimates are provided; tests comparing disease, event, and disability prevalence among frailty groups are age- and sex-adjusted. For age- and sex-
adjusted comparisons among robust, prefrail, frail: **p < .01; ***p < .001.

Figure 2.  Disability prevalence by frail status.
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In sensitivity analyses assessing differences between our results 
and previous frailty prevalence estimates, the overall frailty preva-
lence estimate changed by only 0.8% upon excluding persons in 
residential care (to 14.5%). Changes were less than 1% in all demo-
graphic subcategories. Similarly estimates differed negligibly when 
incorporating multiple imputation, versus not. In contrast, upon 
applying the CHS cutpoints for frailty (13) rather than cutpoints 
derived herein, estimates of frailty prevalence increased from 15.3% 
to 27.5%.

Discussion

Fifteen percent of older adults in the United States are frail based on 
the nationally representative data presented here. We observed steep 
age-related increases in frailty prevalence, from 9% in persons aged 
65–69 to 38% of those aged 90 or older. Among persons not in nurs-
ing homes, those living in residential care settings are twice as likely to 
be frail as generally—a statistic not previously presented. Sizable race 
and income disparities in frailty prevalence, and regional differences, 
were observed. Adverse health and functioning outcomes were two 
to many times more common among frail versus robust individuals.

Clinical applications of frailty assessment are emerging, for 
example that frailty can improve screening for risk of adverse 
postsurgical events (18,32). Our findings support the likely value 
of advancing such applications. Excess disease and adverse health 
events are present among frail and prefrail older adults. Frailty is a 
strong predictor of disability and high multimorbidity, but a consid-
erable proportion of frail persons are free of these, consistent with 
conceptualizing frailty as an underlying physiological process and 
not merely an outcome or marker of disease and disability. Of note: 
in the previous year, over half of frail persons had a fall, over one-
third had fallen multiple times, and two-fifths had been hospitalized. 
Falls are associated with considerably higher costs in the Medicare 
population (33), and inpatient hospital care remains the largest com-
ponent of Medicare spending (34). Interventions targeted to frail 
persons may be effective and yield cost savings.

Continuing research can refine frailty measurement. Percentile-
based cutpoints developed to define PFP criteria in our study were 
markedly lower than their counterparts from the widely used CHS. 
Differences in study samples contribute (NHATS is nationally rep-
resentative), but of largest impact was the inclusion of persons who 
could not complete walking speed and grip strength tests for health/
safety reasons. We made this inclusion for three reasons. To score per-
formance as “0” (“low”) when inability to perform is rooted in poor 
health or safety concerns has face validity and follows recommended 
practice (24,25). We did not treat health/safety-related inability to 
perform as “missing” because such missingness surely is associated 
with performance capacity, introducing a likely bias into subsequent 
criterion estimation. We avoided exclusion because we sought to draw 
inferences that were nationally representative for a stably defined 
population of older adults. Our scoring method may characterize 
some individuals as “frail” who could have performed highly if tested, 
and the use of percentile-based cutpoints bears further consideration: 
Research to optimize or tailor cutpoints for clinical relevance (35) is 
needed. The availability of frailty indicators in a large nationally repre-
sentative sample of older people provides a basis for these next steps.

Our findings are based on cross-sectional data, hence are limited 
because the direction of relationships between frailty and adverse 
health indicators cannot be determined. Some studies, however, have 
demonstrated a substantially heightened risk of incident adverse 
outcomes among the frail and prefrail as compared to the robust 
(13,14). We therefore consider the potential of frailty measures for 
identifying high-risk subsets to be high. Missing data are a second 
limitation, ranging to 9% for walking speed. We multiply imputed 
these. This approach cannot protect against all biases introduced by 
missing data but generally provides better protection than eliminat-
ing individuals from analyses, while maintaining validity of infer-
ences through its “multiplicity.”

In addition to persons who are frail, persons who are prefrail 
are a large percentage of U.S. older adults, warranting further inves-
tigation regarding progression to frailty and factors that may pro-
tect against progression. Lower income persons and racial/ethnic 

Table 3.  Odds of Health Events and Disability for Frail and Prefrail, Relative to Robust, Older Persons

Comparison (OR, 95% CI)2

Prefrail vs Robust Frail vs Robust

Number of chronic diseases
  1–3 2.12 (1.75, 2.57) 5.46 (3.38, 8.80)
  4+ 5.04 (3.76, 6.77)  40.79 (24.22, 68.70)
Any surgery last 12 months (vs none) 1.87 (1.39, 2.50) 3.03 (2.08, 4.43)
Any fall last 12 Months (vs none) 2.18 (1.84, 2.59) 5.39 (4.37, 6.65)
Self-care disability
  Difficulty but no help 3.80 (3.06, 4.72) 12.50 (9.84, 15.88)
  Help 6.17 (4.18, 9.11)  49.01 (33.19, 72.37)
Mobility disability
  Difficulty but no help 3.51 (2.86, 4.31) 12.44 (9.68, 16.01)
  Help 10.13 (6.25, 16.42) 124.55 (78.64, 197.26)
Household activities disability
  Difficulty but no help 2.76 (2.24, 3.41) 8.04 (5.98, 10.82)
  Help 4.79 (3.75, 6.13) 42.39 (32.56, 55.19)
Overall disability level
  Difficulty with 1 or more but no help 2.85 (2.44, 3.32) 8.72 (6.40, 11.87)
  Any help with self-care, mobility, or household activities 5.61 (4.40, 7.14) 66.79 (49.67, 89.81)

Notes: Separate logistic regressions for prefrail vs robust and frail vs robust were conducted for each health characteristic, adjusting for age, gender, race, income, 
and census division. Reference categories are: 0 for number of chronic diseases; none for surgery and falls; no difficulty for self-care, mobility, or household activi-
ties disability indicators; no difficulty with any activities for overall disability. OR = odds ratio.
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minorities experience substantially elevated frailty prevalence—par-
ticularly concerning considering frailty as a state of increased vul-
nerability to adverse health outcomes. Then, these individuals have 
excess vulnerability together with limited resources with which to 
compensate (36), thus are at risk for synergistically elevated health 
disparities. Regional differences in frailty have not been examined 
previously. Explaining regional variation in health care spending is 
ongoing (37), and the frailty variation observed here may contrib-
ute. Our data also contain encouraging news: nearly two-thirds of 
the oldest old in the United States, outside nursing homes, are not 
frail. These data confirm that rapid decline is not inevitable after the 
mid-80s. Of particular interest is the identification of factors that 
contribute to remaining robust in advanced old age.

In conclusion, our findings support the importance of frailty in 
late-life health etiology. They bolster evidence for deploying frailty 
measures as clinical tools to identify at-risk older adults in whom 
interventions might be targeted. The comprehensive national picture 
they provide identifies subsets of older people at heightened risk for 
a prevalent adverse health state. Pursuit of findings regarding frailty 
disparities, risks among prefrail persons, and the substantial fraction 
of oldest-old who remain nonfrail has potential to reduce disparities 
and extend the span of robust health in older adults.

Supplementary Material

Supplementary material can be found at: http://biomedgerontology.
oxfordjournals.org/
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