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OBJECTIVES: To evaluate the prevalence and 10-year
outcomes of frailty in older adults in relation to deficit ac-
cumulation.

DESIGN: Prospective cohort study.

SETTING: The National Population Health Survey of
Canada, with frailty estimated at baseline (1994/95) and
mortality follow-up to 2004/05.

PARTICIPANTS: Community-dwelling older adults
(N 5 2,740, 60.8% women) aged 65 to 102 from 10 Ca-
nadian provinces. During the 10-year follow-up, 1,208
died.

MEASUREMENTS: Self-reported health information was
used to construct a frailty index (Frailty Index) as a pro-
portion of deficits accumulated in individuals. The main
outcome measure was mortality.

RESULTS: The prevalence of frailty increased with age in
men and women (correlation coefficient 5 0.955–0.994,
Po.001). The Frailty Index estimated that 622 (22.7%,
95% confidence interval (CI) 5 21.0–24.4%) of the sample
was frail. Frailty was more common in women (25.3%,
95% CI 5 23.2–27.5%) than in men (18.6%, 95%
CI 5 15.9–21.3%). For those aged 85 and older, the Frailty
Index identified 39.1% (95% CI 5 31.3–46.9%) of men as
frail, compared with 45.1% (95% CI 5 39.7–50.5%) of
women. Frailty significantly increased the risk of death,
with an age- and sex-adjusted hazard ratio for the Frailty
Index of 1.57 (95% CI 5 1.41–1.74).

CONCLUSION: The prevalence of frailty increases with
age and at any age lessens survival. The Frailty Index ap-
proach readily identifies frail people at risk of death, pre-
sumably because of its use of multiple health deficits in
multidimensional domains. J Am Geriatr Soc 58:681–687,
2010.
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Frailty is a multifactorial syndrome that represents a re-
duction in physiological reserve and in the ability

to resist environmental stressors.1 It is generally recognized
to be age associated, common in older adults, and related to
adverse health outcomes.2–5 Theoretical accounts of frailty
emphasize its complex and dynamic nature, and mathe-
matical models have been employed to better describe this
essence.6–10 Such models make clear that frailty is an ex-
pression of the lack of adaptive capacity of the organism.

Lack of adaptive capacity can arise in many contexts,
including any severe injury (e.g., a large burn) or wide-
spread, systemic illness (e.g., long-standing diabetes mellitus
or atherosclerosis, untreated or unresponsive immunosup-
pression), but what intrigues gerontological researchers
is the vulnerability that arises with age, even sometimesF
although not oftenFin the absence of much frank illness.11

How to operationalize this vulnerability or decreased
adaptive capacity remains disputed,4,12–14 but various
frailty definitions share the essential insight that the sys-
temwide nature of frailty can be manifested through a
number of items. They differ chiefly on how many (and to
some extent which) items should be included. This in turn
reflects different pragmatic approaches to the task at hand,
which is to make the complexity of frailty tractable. As
reported elsewhere, the current study used the Frailty Index
to operationalize frailty. This approach is based on deficit
accumulation and relies less on the informative nature of
any particular deficit, instead evaluating the cumulative ef-
fects of multiple deficits with age, with little restriction as to
which deficits are counted.15

Given that frailty is said to arise from the loss of
‘‘physiological reserve,’’ which itself diminishes with age, it
is not surprising that estimates of the prevalence of frailty
increase robustly with age. Even so, in community-dwelling
cohorts of older adults, recent reports of the prevalence
of frailty, solely according to the phenotypic definition, as
derived from the Cardiovascular Health Survey (CHS) and
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relying on five important items,4 have ranged from 3.8% to
16.3%, depending on the population studied and their sex
composition and ethnicity.16–20 The prevalence of frailty
using a frailty index approach has been less well studied,
although age-associated distributions of deficit accumula-
tion have been multiply replicated.21–28 Here, the objectives
were to estimate the prevalence and 10-year outcomes of
frailty using a deficit accumulation approach in a represen-
tative survey of community-dwelling older adults in Can-
ada. The frailty prevalence estimations that used other
definitions of frailty will also be discussed, to follow the
increasing call for comparative studies2,12,29,30 when con-
ducting frailty research.

METHODS

Subjects and Setting

Data were used from the National Population and Health
Survey (NPHS), which Statistics Canada initiated in 1994/
95. The NPHS is designed to collect in-depth longitudinal
information on the health of Canadians. It employs mul-
tistage stratification according to geographic and socioeco-
nomic characteristics and clustering according to Census
Enumeration Areas.31 Self-reported information concern-
ing health status, use of health services, determinants of
health, chronic conditions, and activity restrictions was
gathered at baseline and every 2 years thereafter, and death
records were collected.32,33 Of 2,740 NPHS participants
aged 65 to 102 at baseline, 1,073 were men and 1,667 were
women. Their mean age � standard deviation at baseline
was 74.0 � 6.6 (Table 1). After 10 years (2004/05), 1,208
(44.1%) people had died, and 279 (10.1%) were lost to
follow-up. Those who died tended, at baseline to have been
older, more often female, and not married and to have been
in the hospital just before the first interview (Table 1). Pro-
portionately more women were lost to follow-up, and fewer
were secondary school graduates, but otherwise, those lost
to follow-up were more similar to survivors than to dece-
dents (Table 1).

Definitions

Thirty-six variables assessing health status at baseline, in-
cluding medical conditions, health attitudes, symptoms,
and functional impairments, were used in the analysis
(Table 2). As stated elsewhere,15 with the deficit accumu-
lation approach, the Frailty Index does not necessarily

include exactly the same deficit variables or the same num-
ber of variables. In the previously published studies, 30 to
70 variables of various data sets have been applied.15,21,34

To be included in the Frailty Index, each variable satisfies
three basic criteria: is biologically sensible, accumulates
with age, and does not saturate too early (develop too high a
prevalence at younger ages, e.g., presbyopia, which is al-
most universal at age 55).15,35 Data were coded so that a 1
represented the presence of a problem and 0 represented the
absence of the problem. Multilevel variables were
dichotomized according to the problem’s severity (e.g., for
impairment in activities of daily living, the value of a vari-
able would be 1 if a person needed help all the time, most
times, or sometimes and 0 if a person seldom or never
needed such help). Of the 36 variables, 21 (60%) had no
missing cases, and the maximum number of missing cases of
the remaining 15 variables was 5%. Of all subjects, 2,220
(81%) had no missing values in any variables, 270 (10%)
had one or two values missing, and none had more than
eight values missing. Missing values for each variable were
imputed, using the nonmissing mean of the variable. The
percentage present of each variable was examined for sen-
sitivity (chi-square test), and no significant difference was
found before and after imputation (P4.05).

For any individual, the Frailty Index was calculated as
the number of items in which people reported a deficit
(value 5 1) divided by the number of items considered
(36).8 For example, consider an individual who (deficits are
italicized) reported a history of hypertension, heart disease,
diabetes mellitus, and glaucoma severe enough to cause
vision problems so that help was needed with heavy house-
work. That person would have six deficitsFthe four diag-
noses, the one sensory impairment, and the one disability.
The individual’s Frailty Index score would therefore be the
sum of the six health deficits divided by 36 (0.17). Although
each item has the same weight, severity is reflected by the
number of items in the deficit count; in this example, had
the glaucoma been well enough controlled that it did not
cause vision problems, and had the visual impairment not
contributed to the need for help with heavy housework,
then the score would be simply the four diagnoses (hyper-
tension, heart disease, diabetes mellitus, glaucoma) divided
by 36 (0.11). Several earlier studies found the Frailty Index
to correspond closely to the risk of death, institutionaliza-
tion, and other adverse health outcomes.8,36

For evaluation of the level of frailty, three groups were
devised from the continuously distributed Frailty Index us-

Table 1. Baseline Characteristics of the Study Sample

Characteristic

Overall

(n 5 2,740)

Survived

(n 5 1,253)

Deceased

(n 5 1,208)

No Response

(n 5 279)

Analysis of

Variance

Chi-Square

P-

Value

Age, mean � standard deviation 74.0 � 6.6 71.4 � 4.9 77.0 � 7.1 71.4 � 5.2 230.1 o.001

Female, % 60.8 63.5 54.7 66.7 36.6 o.001

Secondary school graduate, % 42.9 49.7 37.5 40.1 31.9 o.001

Married or with common-law
spouse, %

46.2 51.9 41.8 48.1 16.4 o.001

Used hospital in previous 2 weeks,
%

6.2 3.5 8.7 3.7 20.0 o.001

Comparisons were between those who survived, those who died, and those who did not respond.
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ing two cut points. People with three or fewer (of 36) def-
icits were considered to be nonfrail (Frailty Index �0.08),
whereas those with nine or more deficits (Frailty Index
�0.25) were considered to be frail. People with four
to eight deficits therefore correspond to the intermediate
(prefrail) group. These cut points accord with prior
reports.24,37

Prevalence Estimates and Outcome Measures

Summary and age-specific prevalence estimates for baseline
fitness and frailty were calculated and 95% confidence in-
tervals (CI) constructed for men and women together and
separately. Data were weighted by applying the longitudi-
nal response master variables from the NPHS survey.33 The
main outcome measure was survival from baseline (1994/9

to 2004/05). The date of death was recorded according to
death certificate. Survival information was obtained from
linked mortality records, with a high rate of vital status
follow-up. Risk and survival analyses relating baseline def-
icit accumulation to mortality were conducted. In accor-
dance with confidentiality requirements by Statistic
Canada, data points with a sample size of five or less were
not reported.

Analysis

Logistic regression was used to estimate the likelihood of
10-year mortality for each of the deficits individually. The
age-specific distribution of frailty was estimated as the
mean and standard deviation of frailty measured by each
operational definition by 5-year aggregated intervals from

Table 2. Occurrence of the Individual Deficits and Their Odds Ratios for 10-Year Death

%, Odds Ratio (95% Confidence Interval) P-Value

Variable Description Men (1,073) Women (1,667)

Has long-term disability or handicaps 32.1, 2.37 (1.86–3.01) o.001 30.6, 1.34 (1.12–1.61).002

Restriction of activities 40.4, 2.29 (1.85–2.83) o.001 41.5, 1.21 (1.03–1.41).02

Needs help for preparing meals 6.3, 8.57 (3.92–18.75) o.001 7.8, 4.22 (2.70–6.58) o.001

Needs help for shopping for necessities 9.1, 5.79 (3.28–10.20) o.001 16.7, 3.16 (2.38–4.20) o.001

Needs help for house work 10.3, 6.79 (3.87–11.89) o.001 17.3, 1.93 (1.51–2.49) o.001

Needs help for heavy household chores 21.9, 4.11 (2.96–5.72) o.001 35.7, 1.63 (1.37–1.94) o.001

Needs help for personal care 4.6, 15.00 (4.66–48.27) o.001 5.2, 4.61 (2.64–8.06) o.001

Needs help moving about inside house 2.5, 11.50 (2.71–48.78) .001 2.6, 6.18 (2.61–14.66) o.001

Has arthritis or rheumatism 35.5, 1.55 (1.25–1.92) .01 48.8, 0.95 (0.79–1.06) .23

Has high blood pressure 23.7, 1.48 (1.14–1.92) .003 33.6, 0.88 (0.74–1.05) .15

Has chronic bronchitis or emphysema 8.3, 2.25 (1.76–4.64) o.001 6.1, 1.25 (0.82–1.89) .30

Has diabetes mellitus 11.7, 1.79 (1.24–2.59) .07 9.5, 1.92 (1.37–2.69) .001

Has heart disease 18.7, 2.38 (1.75–3.24) o.001 16.5, 1.46 (1.13–1.89) .004

Has cancer 5.1, 3.07 (1.64–5.73) o.001 5.4, 1.50 (1.07–2.10) .007

Has stomach or intestinal ulcers 5.6, 1.90 (1.10–3.26) .02 5.2, 1.19 (0.77–1.84) .44

Suffers from the effect of stroke 3.9, 5.65 (2.37–13.43) o.001 3.5, 1.54 (0.90–2.64) .11

Suffers from urinary incontinence 3.1, 2.49 (1.10–5.65) .29 4.5, 1.53 (0.95–2.47) .08

Has migraine headache 2.9, 1.89 (0.88–4.07) .10 5.1, 0.95 (0.60–1.49) .81

Has cataracts 9.6, 2.09 (1.37–3.18) .001 18.3, 1.23 (0.97–1.56) .09

Has glaucoma 3.4, 1.40 (0.72–2.71) .32 5.2, 1.39 (0.89–2.18) .15

Has other medical conditions 8.2, 1.42 (0.91–2.22) .12 8.5, 0.94 (0.66–1.33) .72

Have no regular physical exercise 48.8, 1.77 (1.46–2.14) o.001 55.7, 1.13 (0.98–1.30) .08

Has vision problem 5.6, 1.87 (1.08–3.23) .03 9.4, 2.01 (1.42–2.85) o.001

Has hearing problem 8.3, 2.75 (1.70–4.46) o.001 7.0, 1.43 (0.97–2.11) .07

Feeling hopeless 3.8, 2.19 (1.06–4.56) .04 6.2, 1.65 (1.08–2.54) .02

Has dexterity problem 2.9, 5.52 (1.86–16.35) .02 2.8, 2.01 (1.07–4.00) .03

Has emotional problem 4.3, 2.05 (1.08–3.91) .03 4.0, 1.56 (0.89–2.56) .12

Has memory problem 34.2, 1.80 (1.44–2.24) o.001 33.8, 0.85 (0.71–1.01) .06

Has bodily pain 26.4, 1.78 (1.38–2.31) .01 29.5, 1.04 (0.87–1.26) .66

Has speech problem 2.1, 3.29 (1.20–9.04) .02 1.5, 0.71 (0.32–1.60) .41

Taking 5 or more medications 10.6, 4.61 (2.74–7.76) o.001 13.0, 1.53 (1.13–1.53) .006

Has difficulty carrying or lifting light loads 30.3, 2.41 (1.89–3.07) o.001 31.7, 1.52 (1.26–1.82) o.001

Mobility problem 13.0, 4.98 (3.16–7.84) o.001 17.1, 2.34 (1.80–3.05) o.001

Has limited kind or amount of activity 30.2, 2.58 (2.01–3.30) o.001 33.7, 1.27 (1.07–1.51) .007

Feels tired all the time 8.4, 1.63 (1.09–3.31) .03 7.4, 1.58 (1.23–2.80) o.001

Weight loss 4.3, 2.15 (0.59–3.80) .48 3.9, 1.42 (1.15–2.46) o.001
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age 65. The prevalence of frailty at baseline was calculated
for each classification of the Frailty Index (nonfrail, prefrail,
frail). Comparisons at baseline between categorical vari-
ables were evaluated using chi-square and between interval
variables using analysis of variance. The values of the
Frailty Index were correlated using Spearman correlations.
Survival was evaluated using Kaplan-Meier curves (censor-
ing for nonresponders throughout the follow-up cycles),
with bivariate comparisons using the log-rank test. Multi-
variable analyses were conducted to assess the contribution
of Frailty Index in predicting 10-year death using Cox re-
gression adjusted for age, sex, and status of frailty, defined
according to frailty categories (nonfrail, prefrail, frail). Re-
ceiver operating characteristic curves were produced using
the Frailty Index in the prediction of individual death dur-
ing various periods of follow-up (2, 4, 6, 8, 10 years), and
the areas under the curve (AUC) were accordingly calcu-
lated. The 95% CIs were estimated by bootstrapping using
resampling with 95% of cases repeated 1,000 times. The
statistical significance level was set as P 5.05.

Ethics

The Statistics Canada ethics review process approved the
NPHS, and participants provided oral informed consent.
Approval for these additional analyses came from the Re-
search Ethics Committee of the Capital District Health Au-
thority, Halifax, Nova Scotia, Canada.

RESULTS

Considering the 36 deficits individually, almost all of them
increased the risk of death in men and women in univariate
analyses (Table 2). A notable exception was weight loss in
men. Otherwise, most deficits, when considered individu-
ally, were more lethal in men than in women. Even so, for
each item, more women reported deficits.

Considering deficits cumulatively, the mean value of
the Frailty Index increased with age (Figure 1A). As the
mean value of the Frailty Index increased, so did the mor-
tality rate (Figure 1B). The correlation coefficient (r) be-
tween age and the mean Frailty Index value was high for
both men (r 5 0.989, Po.001) and women (r 5 0.992,
Po.001). Older men usually had a lower Frailty Index at a

given age than older women, in contrast to a higher death
rate.

Using a Frailty Index cut point of 0.25, 622 (22.7%)
people were classified as frail, with a weighted frailty prev-
alence estimate of 22.7% (95% CI 5 21.0–24.4%). Frailty
prevalence was higher in women (25.3%, 95% CI 5 23.2–
27.5%) than in men (18.6%, 95% CI 5 15.9–21.3%). The
mean values of the Frailty Index for the three frailty cat-
egory were 0.046 � 0.003 for nonfrail, 0.156 � 0.004 for
prefrail, and 0.310 � 0.008 for frail. The mean Frailty In-
dex was significantly higher (Po.001) in people who died
(0.195 � 0.135) than in those who survived (0.119 �
0.102) or those who left the study (0.113 � 0.103) within
the follow-up period. The prevalence of frailty increased to
43.3% (95% CI 5 37.8–48.1%) by age 85: 39.1% (95%
CI 5 31.3–46.9%) for men and 45.1% (95% CI 5 39.7–
50.5%) for women. By age 95, virtually everyone in the
sample had accumulated more than 25% of various health
deficits being considered. The following items showed the
highest prevalence by age 95; nobody had regular exercise;
everybody had difficulties carrying or lifting a light load;
83% had problems with mobility; and 75% had restric-
tions of activity, needed help shopping, or had arthritis or
rheumatism.

A dose response was evident with the Frailty Index for
the survival probability for the 10-year follow-up (Figure 2).
Using the three-category Frailty Index, the 10-year survival
probability for the frailest group was 27%, versus 70% for
the fittest group. A seven-level Frailty Index at cut-points of
0.03, 0.08, 0.14, 0.20, 0.25, and 0.34 resulted in a more-
precise dose-response decrease of survival with the Frailty
Index from 0.75 to 0.23, suggesting that the Frailty Index
can predict mortality well. Mean survival for those who
died in the three categories was 75.6 � 31.5 months (me-
dian 75), 65.0 � 33.9 (median 64), 51.5 � 35.0 (median
50), respectively, based on Frailty Index cut points.

In a Cox regression model adjusted for age and sex, the
three-level Frailty Index (nonfrail, prefrail, frail) predicted
the risk of death (risk ratio (RR) 5 1.57, 95% CI 5 1.41–
1.74). This was better than the performance of the chro-
nological age (RR 5 1.08, 95% CI 5 1.06–1.20). At the
individual level, the Frailty Index predicted 10-year death
with an AUC of 72 ( � 2%) (Figure 3). The predictive
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accuracy increased gradually for shorter-term death, with
an AUC of 78 ( � 2%) for 2-year death (Figure 3).

DISCUSSION

The prevalence of frailty was estimated, and its relationship
with 10-year survival outcomes in community-dwelling
older adults was evaluated. From the NPHS, a Frailty Index

was calculated based on self-reported health deficit accu-
mulation. It was found that frailty was more common with
age and that, by age 95, virtually everyone in the sample
was frail because of accumulation of a large number of
health deficits. On average, women had more deficits than
men, but at any given level of deficit accumulationFin-
cluding ones that would define them as frailFwomen tol-
erated deficits better, as evidenced by a lower mortality rate.
The prevalence of frailty increased with age and with age
made death more likely.

These data must be interpreted with caution. The
Frailty Index was calculated based on self-reported data.
Although this offers an avenue for studying community-
dwelling older adults in large-scale epidemiological surveys,
caution needs to be taken because of self-estimates of health
that might be less accurate than systematic clinical assess-
ment. In addition, the Frailty Index approach is less widely
used than the CHS phenotypic definition.4 The Frailty In-
dex classified substantially more people as frail (22.7%,
95% CI 5 21.0–24.4%) than have other reports that used
the CHS definition (range 3.8–16.3%).16–20 Although self-
report data do not allow a direct comparison, the pheno-
typic definition of frailty4 can be roughly approximated
based on the last five items in Table 2. In the current study’s
sample, the Frailty Index prevalence estimate was 2.6 times
as high as the prevalence estimate derived using the five
items to approximate the CHS phenotype definition;4 the
latter yielded an estimate of 8.7% (95% CI 5 6.9–10.5%).
Similarly, when CHS data were reanalyzed using a ‘‘deficit
index’’ (otherwise indistinguishable from the Frailty Index
used here), that index identified 2.6 times as many people as
frail as did the phenotypic definition using the original
phenotypic definition and data set.28 In short, both the
current analyses and those of the previous study28 suggest
that the higher prevalence estimate reported here is a result
of operationalizing frailty through deficit accumulation and
not due to having studied a frailer sample.

Given that the different approaches to frailty appear to
yield somewhat different estimations, what should readers
conclude? The CHS phenotype, extended in the Women’s
Health and Aging Studies and many other settings,4,14

shares with the frailty index approach (first used in the
Canadian Study of Health and Aging and later in data sets
from many countries5,8,15) the essential insight that the
systemwide nature of frailty can be manifested through a
few items. The approaches differ chiefly on how many (and
to some extent which) items should be included. This in
turn reflects different approaches to the task of making the
complexity of frailty tractable. The phenotype approach
relies on five items: weight loss, weakness, decreased phys-
ical activity, exhaustion, and slow gait speed.4 The frailty
index approach relies less on the informative nature of any
particular deficit, instead evaluating the cumulative effects
of multiple deficits, with little restriction as to what deficits
are counted.15

Is it valid to use so many items? Although a mortality
prediction model is not being proposed, using death as an
outcome allows the predictive validity of the Frailty Index
(as a measure of vulnerability) to be tested using a relevant,
dichotomous, nonarbitrary, and unequivocal adverse out-
come. A large survival difference was seen in the current
study between the fittest, 75% of whom survived to 10
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years, and the frailest, of whom only 23% lived 10 years. In
two studies that directly compared mortality using the phe-
notypic definition and deficit accumulation, the latter more
accurately classified mortality risk.24,28 In addition, unlike
many other risk indices (e.g., Vulnerable Elders Survey-
13),38 the Frailty Index does not contain age as a predictor
(or a part of the index), recognizing that, even at the same
age, the health of individuals will vary.

Does it make clinical sense to use so many items? The
Frailty Index also shares with the phenotypic approach3,4

(and an even shorter three-item index20) the ability to sum-
marize health status. It has been proposed that the Frailty
Index can be understood as a ‘‘clinical state variable,’’
meaning that it quantifies the underlying health status of the
person.39 It has been proposed that, in addition to frailty,
other clinical state variables might be attention and con-
centration, mobility and balance, function and social inter-
action. To the extent that each of the five items in the
phenotypic definition, or that of the even more-parsimoni-
ous approach,20 possesses the properties of a state variable
(quantifiable, graded, integrates information across many
systems, related to adverse outcomes), a frailty measure
based on a few items might well capture the same graded
account of risk as does the Frailty Index, although this needs
to be demonstrated. In other words, it is when the number
of items considered is fewer that the natures of the items in a
frailty definition become more important.

Although in some clinical settings it is difficult to use an
index of many items, this would not be the case in geriatric
medicine. Geriatricians can use a Frailty Index composed of
the items used in a standard Comprehensive Geriatric As-
sessment.40–42 The Frailty Index based on self-report data
presented here has been shown to be highly comparable
with that of the clinical assessment–based Frailty Index.8

For instance, according to either approach, people who
were frailer were more likely to be older, female, and likely
to die.8 This suggests that the Frailty Index is a robust
measure and that its properties are generally insensitive to
how it is constructed.

Although a few items of the Frailty Index saturated at
the oldest ages, as a whole, it does not show a ceiling effect.
Rather, there is a consistent, submaximal upper limit
(� 0.7) to the percentage of deficits that any person can
accumulate; after that limit, death becomes inevitable.35,43

Here, by age 95, virtually everyone in the sample had a
Frailty Index value of 0.25, suggesting that few people who
are very old are fit in any sense that does not adjust for age,
although within this group, there were grades of frailty,
which still corresponded to variable mortality risk (and in
this sense, at least, to varying levels of vulnerability). In
addition, people can improve their health status (lessen
their Frailty Index) at any Frailty Index value.44 The extent
to which improvement is possible, and how that relates to
age, are interesting questions that are motivating additional
inquiries.
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