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Abstract

Background: Frailty in individuals can be operationalized as the accumulation of health deficits, for which several
trends have been observed in Western countries. Less is known about deficit accumulation in China, the country
with the world’s largest number of older adults.

Methods: This study analyzed data from the Beijing Longitudinal Study of Aging, to evaluate the relationship
between age and deficit accumulation in men and women and to evaluate the impact of frailty on mortality.
Community dwelling people aged 55+ years at baseline (n = 3275) were followed every two to three years
between 1992 and 2000, during which time 36% died. A Frailty Index was constructed using 35 deficits, drawn
from a range of health problems, including symptoms, disabilities, disease, and psychological difficulties.

Results: Most deficits increased the eight-year risk of death and were more lethal in men than in women,
although women had a higher mean level of frailty (Frailty Index = 0.11 ± 0.10 for men, 0.14 ± 0.12 for women).
The Frailty Index increased exponentially with age, with a similar rate in men and women (0.038 vs. 0.039;
r > 0.949, P < 0.01). A dose-response relationship was observed as frailty increased.

Conclusions: A Frailty Index employed in a Chinese sample, showed properties comparable with Western data,
but deficit accumulation appeared to be more lethal than in the West.

Background
As populations age, on average, the need for health care
increases. Even so, that average increase masks consider-
able heterogeneity, a topic of increasing relevance to
health care planners. Heterogeneity of health and vul-
nerability to adverse outcomes in people of the same
chronological age is commonly referred to as frailty [1].
Despite a growing research literature on frailty, several

operational definitions of frailty are employed. Notably,
frailty in individuals can be operationalized as a pheno-
type or as the accumulation of deficits [2-4]. The deficit
accumulation approach is based on the observation that
as people age, they experience problems which can
accumulate. As deficits (symptoms, signs, illnesses, dis-
abilities) accumulate, people become more susceptible
to adverse health outcomes, including worse health and
even death. Counting deficits allows grades of frailty to

be discerned. It also provides insights into the complex
problems of older adults, in that, operationalized as defi-
cit accumulation, several replicable trends have been
observed in Western countries [5-11]. For example, defi-
cits increase exponentially with age, at about 0.03 per
year beginning by at least late middle age [5,12,13].
Women accumulate more deficits than do men, but
appear to tolerate them better, because at any level of
deficit accumulation, women have a lower mortality rate
than men do [14-16]. Mean frailty is associated very
highly with mortality [12]. Intriguingly too, there is a
limit to frailty - at a frailty index (FI) value of about
~0.7 - after which further deficit accumulation is very
unlikely [11,12,17] Deficit accumulation is also asso-
ciated with a variety of adverse biological features, such
as impaired response to vaccination and elevated mar-
kers of chronic inflammation [18,19].
In Chinese samples, less is known about how frailty

can be assessed. In the Chinese Longitudinal Healthy
Longevity Survey (CLHLS), Gu et al. have reported that
a FI can be used to robustly predict mortality at
advanced ages and that the relationship between frailty
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and mortality is independent of a number of covariates
[10]. In a Hong Kong sample, Goggins et al. demon-
strated that the FI increased with age until mid-80s,
when it levelled off [6]. A frailty index has also been
shown to be significantly related to changes in the total
Activities of Daily Living (ADL) score, mental score, and
days of hospital stay [20]. Even so, within and between
country variations in deficit accumulation remain of
interest [21], especially in relation to the slope of the FI
with age, its relation to mortality and the presence of a
limit. To better understand frailty in China in relation
to deficit accumulation, we analyzed data from the Beij-
ing Longitudinal Study of Aging (BLSA) and compared
the results with that in the Western populations. The
objectives of the study were: 1. To examine the relation-
ship between frailty as the accumulation of deficits and
age, comparing this relationship in women and men. 2.
To evaluate the relationship between frailty and mortal-
ity. 3. To evaluate whether a sub-maximal limit to frailty
was present.

Methods
Study setting and participants
This is a secondary analysis of the Beijing Longitudinal
Study of Aging (BLSA), a representative cohort of 3,275
community dwelling Chinese people from late middle
age (age 55 years and older). This dataset was provided
by the Beijing Geriatric Clinical and Research Centre,
Xuanwu Hospital of Capital Medical University, Beijing,
China. Distributions of gender, age groups, and educa-
tional categories of the study sample represent those of
older population in Beijing, as obtained from the Fourth
National Census Data [22]. As described elsewhere
[22,23], the cohort was assembled in 1992 (The response
rate at baseline was 91.2%), and followed every two to
three years (cycles 1, 2, and 3) in 1994, 1997 and 2000.
Of the 3,257 participants sampled at baseline (1992),
1,593 (48.9%) were men and 1,664 (51.1%) women, with
an average age of 70.1 ± 9.0 years. By 2000, 1705 people
survived, 1155 had died, and 397 were lost to follow-up
(Figure 1). There are no statistically significant differ-
ences between respondents to all cycles and those lost
to follow-up, with regard to gender, education level and
dwelling areas. At each BLSA cycle, a health survey was
conducted, using a self-reported questionnaire. Informa-
tion was obtained at respondents’ homes by trained
interviewers, usually nurses or doctors. Self-reported
information, which covered demographic characteristics,
socio-economic status, functional abilities, life style, the
use of medical services, physical health including dis-
eases, psychological health, and cognitive status (e.g., the
Mini Mental State Examination - MMSE) was collected.
The presence of disease was verified in the medical
records provided by the subjects. For the present study,

variables from the baseline (1992) survey were used to
construct the FI, while the eight-year survival outcomes
(i.e., in 2000) were evaluated. Survival outcomes were
determined through interviews with surviving household
members and, when surviving household members were
not available, with neighbours.

Construction of the Frailty Index (FI)
A standard procedure was followed to develop the FI
[24]. Individual deficits were included in the FI if they
were sensible measures of health (e.g., eye colour would
not be included, because while it is a verifiable physical
characteristic, it is not a health deficit), accumulated
with age, and did not saturate too early (i.e. did not
always become a deficit by some relatively young age).
In addition, each variable should have >1% prevalence
and <5% missing values. The variables which made up
the FI covered a range of health problems, including
symptoms (n = 7), ADL and Instrumental Activities
Daily Living (IADL) disabilities (n = 14), diseases (n =
8), psychological problems (n = 5) and MMSE score
(Table three). For the 15 binary variables, the presence
of a deficit was coded as “1” and its absence was coded
as ‘0’. For the remaining 20 3-scale variables (20/35), a
single intermediate response level (e.g. ‘sometimes’ or
‘maybe’) was coded using an additional value of ‘0.5’.
We transformed MMSE score into a 3 level variable
coded as 0 if MMSE ≥24, 0.5 for MMSE between 15
and 23 and 1 if MMSE < 15. For missing data the FI
was calculated based on the items which were present, i.
e. the missing variable was excluded from both the
numerator and the denominator. No individual had >
5% missing deficit items.

Analysis
Demographic data were described using means and stan-
dard deviations (for age, total ADL, IADL MMSE, and
CES-D scores and the total number of co-morbidities) or
percentages (for gender, education level, and dwelling
status) and were analyzed using analysis of variance
(ANOVA) and chi-square, respectively. In these analyses,
the FI results were grouped in increments of 0.1 (includ-
ing groups combining the FIs less than 0.1 and the FIs
larger than 0.5). Univariate logistic regression was used
to estimate the likelihood of eight-year mortality for each
deficit included in the FI. Nonlinear regression techni-
ques were used to fit age-specific frailty index values as a
function of age (an exponential function) and to fit the
probability of death as a function of the frailty index (a
logistic function) and to estimate the parameters of the
models. Survival was evaluated using Kaplan-Meier
curves (censoring for non-responders) stratified for dif-
ferent level of the FI. A Cox proportional hazards model
was used to evaluate the effect of covariates (age, sex, and
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frailty) on mortality after testing for the proportionality
assumption. The construction and evaluation of non-
linear fits were done using Matlab (version 7.1, Math-
works Inc), otherwise (e.g., survival analysis, logistic
regression) SPSS version 15.0 for Windows was used.
The statistical significance level was set as P = .05.

Ethics
Approval for these secondary analyses was granted by
the Research Ethics Committee of the Capital District
Health Authority, Halifax, Canada, where the data are
held and analyses were conducted.

Results
People who were frailer tended to be older, less edu-
cated, more often female and rural dwelling people
(Table 1). A similar trend was observed for the oldest

older adults (aged 85+ years) compared to younger ones
(Table 2).
In the univariate logistic regression analyses to evalu-

ate items for inclusion in the FI, most items showed an
increased 8-year mortality risk for both men and
women, save for self reports of disease diagnoses (Table
3). Several of the latter, including stroke, hypertension,
thyroid disease, became less common after age 70. Indi-
vidual deficits were more often associated with death in
men than in women. Even so, for the majority of the
items, more women reported deficits.
Most people (over 73%) had FI values between 0-0.15,

with a mean value of 0.11 ± 0.10 (median = 0.09) for
men and a mean value of 0.14 ± 0.12 (median = 0.10)
for women. For both men and women, the mean value
of the FI increased exponentially with age, with similar
rates for men (0.038) and women (0.039) (Figure 2,
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1992 sample
(n=3257)

Cycle 1

died
(n 400)

missing
(n=170)

Cycle 2

died
(n=384)

missing
(n=301)

1997 sample
(n=2043)

2000 sample
(n=1705)

(n=400)

died
(n=317)

returned
(n=101)

Cycle 3
missing
(n=122)

died
(n=54) 

(n=301)

returned
(n=41)

Figure 1 Composition of Beijing Longitudinal Study of Aging (BLSA) cohort.
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Panel A). The correlation coefficient between age and
the logarithm of the FI was high for both men (r =
0.953, P < 0.01) and women (r = 0.949, P < 0.01).
The FI was highly related to mortality, which was

greater in men than in women (Figure 2, Panel B). In
other words, although women had more deficits than
did men, the deficits were less lethal. For both men and
women, increasing grades of the FI showed a dose-
response effect in relation to survival, with >90% mortal-
ity of the most frail (FI > 0.5) by three and a half years
(Figure 3) whereas the total mortality over the entire
observation for the least frail (FI < 0.1) was only 18%.
In the proportional hazards analyses, adjusted for sex

and age, the number of deficits was more closely related
to survival than was age. Every additional deficit used to
calculate the FI was associated with an increased hazard
rate of 1.13 (95% confidence interval (C.I.) 1.09 to 1.47)
on average, compared with the age increment (hazard
rate = 1.09; 95% C.I. = 1.06 to 1.10). For example, com-
pared with a 55 year old man with no deficits at baseline,
a 75 year old man whose FI = 0.29 (i.e. 10 deficits present
of the 35 considered) would have an increased risk of
death within 8 years of 5.08. The increased relative risk

arising from age would be 1.80 (i.e. 20 year-increments ×
1.09); the increased relative risk in relation to frailty
would be 3.28 (29 deficit-increments times 1.13).

Discussion
This study analyzed the health status of older Chinese
men and women in the Beijing Longitudinal Study of
Aging. From late middle age (55+ years) on, frailty,
understood as variable vulnerability of adverse outcomes
of people of the same age, could be defined in relation
to deficit accumulation. As has been shown by multiple
studies from Western countries [8,12], this study further
demonstrates that, in a representative Chinese sample,
by simply counting the number of deficits present (with-
out considering much of the nature of the deficits), the
FI can describe health status and the risk of adverse out-
comes. The older an individual person is, the more defi-
cits, on average they will accumulate. Even so, for
people of the same age, deficit accumulation is more
closely linked to mortality than age is. In other words,
while it remains true that the older someone is, the
more likely they are to die, this is because the older
someone is, the more likely they are to have

Table 1 Demographic characteristics of the sample as separated by the level of FI

Level of FI ≤0.1 0.1-0.2 0.2-0.3 0.3-0.5 >0.5 F/X2

n 1,650 1,028 330 211 38 –

Age 66.8 ± 7.5 70.9 ± 8.3 75.6 ± 7.8 77.8 ± 7.9 76.8 ± 8.3 182.54**

Female (%) 44.9 56.4 61.6 55.7 77.8 63.01**

9+ year education (%) 25.7 20.0 12.1 11.3 7.6 57.69**

Rural dwelling (%) 19.3 19.6 25.1 30.6 31.5 43.68**

Total ADL score 6.0 ± 0.1 6.0 ± 0.2 6.3 ± 0.6 8.5 ± 3.0 14.8 ± 2.5 1535.50**

Total IADL score 6.1 ± 0.4 6.9 ± 1.6 9.3 ± 3.2 14.8 ± 2.5 17.8 ± 0.4 2527.3**

Co-morbidities (count) 1.4 ± 1.5 1.3 ± 1.4 1.2 ± 1.3 1.1 ± 1.5 1.0 ± 1.4 2.74*

MMSE score 24.2 ± 3.7 21.8 ± 4.3 20.4 ± 4.5 17.2 ± 5.3 19.6 ± 2.2 61.38**

CES-D score 5.2 ± 5.7 7.4 ± 7.6 11.1 ± 9.1 13.5 ± 9.8 12.4 ± 6.6 55.83**

Note: FI: Frailty Index. MMSE: Mini-Mental Status Examination. CES-D: Center for Epidemiologic Studies Depression Scale. F: Analysis of Variance. X2: Chi-square.
Data presented are mean ± standard deviation, otherwise as specified. **: p < 0.01; *: p < 0.05;-: no data.

Table 2 Demographic characteristics of the sample as separated by age group

Age group (years) 55-64 65-74 75-84 85-94 > = 95 F/X2

n 1,039 1,109 934 170 5 –

Age 59.8 ± 2.7 69.5 ± 2.8 79.0 ± 2.7 87.5 ± 2.4 95.8 ± 0.8 7964.79**

Female (%) 53.6 47.3 51.7 55.9 80.0 12.26*

9+ year education (%) 31.0 24.3 10.7 10.0 0.0 138.39**

Rural dwelling (%) 20.4 20.7 22.7 18.8 20.0 3.61

Total ADL score 6.1 ± 0.6 6.2 ± 1.3 6.5 ± 1.9 7.1 ± 2.4 6.6 ± 0.9 27.44**

Total IADL score 6.3 ± 1.5 7.1 ± 2.7 8.8 ± 3.8 11.6 ± 4.5 15.8 ± 2.9 184.325**

Co-morbidities (count) 1.4 ± 1.5 1.4 ± 1.5 1.2 ± 1.4 1.1 ± 1.4 1.0 ± 1.0 3.47**

MMSE score 24.6 ± 3.4 23.3 ± 4.0 21.5 ± 4.6 19.4 ± 5.1 – 78.57**

CES-D score 7.4 ± 7.5 6.8 ± 6.9 6.9 ± 7.6 8.6 ± 8.6 – 1.70

Note: FI: Frailty Index. MMSE: Mini-Mental Status Examination. CES-D: Center for Epidemiologic Studies Depression Scale. F: Analysis of Variance. X2: Chi-square.
Data presented are mean ± standard deviation, otherwise as specified. **: p < 0.01; *: p < 0.05;-: no data.
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accumulated deficits, and it is this deficit accumulation,
as measured by the FI, which most defines their risk of
death.
Of some interest is the convex shape of the mortality

curve in relation to the FI, compared with the concave
shape which has been observed in the Western coun-
tries. This suggests that all levels of deficit accumulation
are more lethal in China than in the west. It also sug-
gests that deficit accumulation is only part of the story

with regard to variable vulnerability to adverse outcomes
- it is also essential to consider the environment in
which deficit accumulation occurs - i.e. the deficit
model shows the level of insults, but the impact of these
insults relies on other factors.
Our data must be interpreted with caution. The BLSA

relied on self-report information and it is arguable such
data may not be as accurate as clinical examinations.
On the other hand, the frailty estimates are similar to

Table 3 Occurrence of the individual deficits and their odds radio for 8-year death

Men Women

Variable Description Prevalence (%) Odd Ratio (95% C.I.) Prevalence (%) Odd Ratio (95% C.I.)

Psychological problems

don’t have much energy 53.9 2.24 (1.79-2.80)** 64.5 1.80 (1.41-2.28)**

fell less useful 54.8 2.62 (2.09-3.28)** 70.3 2.10 (1.62-2.72)**

don’t feel a lot of fun in life 37.4 1.37 (1.10-1.71)** 38.6 1.17 (0.94-1.46)

don’t feel very happy 19.6 1.87 (1.43-2.43)** 23.5 1.95 (1.51-2.50)**

feel nothing to do 18.9 2.02 (1.55-2.63)** 24.9 1.71 (1.35-2.18)**

Diseases

hypertension 18.9 1.17 (0.90-1.51) 21.5 0.83 (0.65-1.07)

coronary heart disease 14.7 0.96 (0.72-1.28) 16.3 0.79 (0.60-1.05)

stroke 7.0 2.02 (1.37-2.97)** 4.3 2.86 (1.77-4.63)**

TIA/small stroke 1.9 0.67 (0.31-1.47) 1.3 1.39 (0.59-3.26)

arthritis 5.5 0.87 (0.55-1.37) 7.7 0.56 (0.37-0.86)**

thyroid disease 0.6 1.67 (0.48-5.78) 1.7 0.66 (0.28-1.56)

glaucoma 1.8 1.01 (0.48-2.16) 2.9 0.90 (0.49-1.68)

cataract 11.4 0.86 (0.63-1.20) 12.3 1.12 (0.82-1.52)

Symptoms

urinary incontinence 10.8 2.71 (1.96-3.74)** 27.8 1.65 (1.32-2.06)**

falls 8.3 2.31 (1.61-3.31)** 13.6 1.80 (1.36-2.40)**

fracture 5.6 1.80 (1.17-2.75)** 8.9 1.12 (0.79-1.60)

tremor 7.3 1.64 (1.12-2.39)* 7.1 1.30 (0.88-1.91)

don’t hear clearly 21.9 2.98 (2.33-3.80)** 17.6 3.41 (2.63-4.41)**

wear a hearing aid 2.0 0.55 (0.24-1.23) 1.0 1.09 (0.40-2.96)

use a walking stick 17.2 7.34 (5.44-9.91)** 21.3 7.20 (5.55-9.33)**

ADL and IADL disabilities

need help with eating 1.6 12.60 (3.75-42.26)** 2.1 16.30 (5.72-46.41)**

need help with grooming 1.9 8.98 (3.43-23.50)** 2.6 21.40 (7.62-60.12)**

need help with dressing 2.3 11.16 (4.33-28.81)** 2.6 16.64 (6.52-42.47)**

need help with getting on/off bed 2.3 10.80 (4.17-27.92)** 3.1 20.37 (8.05-51.52)**

need help with bathing 6.5 9.77 (5.74-16.60)** 9.8 8.17 (5.59-11.94)**

need help with moving in house 2.7 13.40 (5.24-34.24)** 3.8 13.14 (6.44-26.81)**

need help with cooking meals 18.6 7.48 (5.60-10.00)** 17.0 7.88 (5.91-10.52)**

need help with managing money 10.5 7.45 (5.07-10.95)** 16.4 6.28 (4.73-8.33)**

need help with taking a bus 18.3 7.72 (5.75-10.36)** 36.4 5.33 (4.28-6.65)**

need help with shopping 12.2 8.25 (5.73-11.90)** 20.3 5.96 (4.63-7.75)**

need help with walking 300 meters 8.3 7.33 (4.77-11.28)** 16.0 6.37 (4.79-8.49)**

need help with up/down stairs 10.9 8.97 (6.04-13.31)** 19.5 7.91 (6.03-10.38)**

need help in running housework 51.0 2.31 (1.87-2.84)** 39.2 3.52 (2.85-4.36)**

need any other personal care 4.3 9.58 (4.99-18.41)** 6.4 6.63 (4.23-10.40)**

MMSE scores 33.7 3.63 (2.73-4.83)** 62.6 4.06 (2.89-5.71)**

Note: MMSE: Mini-Mental Status Examination.**P < 0.01;*P < 0.05. C.I.: confidence interval.
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what has been discovered for other countries. For exam-
ple, the increase in the mean value of the FI (0.038; 95%
CI = 0.035-0.041) is close to (if somewhat higher than)
the mean slope of 0.029 (95% CI = 0.027-0.030)
reported for Western countries [5]. In addition, different
datasets of the Chinese population revealed similar
results. For example, in the Chinese Longitudinal
Healthy Longevity Survey, frailty increased with age in
both women and men, and women were frailer than
men at all ages. Also, the mean value of FI for women
was approximately 0.10 at age 65 and increased to 0.15
at age 80 [10], comparable with the values found in the
BLSA dataset (0.11 at age 65 and 0.18 at age 80). Given
the importance of slow walking speed as a readily clini-
cally observable feature which helps to stratify risk
[25,26], and which is reasonably easily measured, it
would have been preferable to have this information.
Similarly, we do not have a measure of grip strength
either, which is also associated with variable mortality
and is a key component of the phenotypic definition of
frailty [27,28]. On the other hand, many past studies
have not used performance measures, so that obliging
their presence to speak of frailty means that much infor-
mation will be lost. In addition, while such items might
be preferable, it is not clear that the performance infor-
mation is essential. Indeed, three groups which have
compared the phenotype and deficit accumulation
operational definitions have found in each case that the
latter stratifies risk at least as well as the former
[7,19,29]. Note too that the FI includes aspects of cogni-
tion and the mental state which are also important in
defining the risk of adverse health outcomes [2-4].
Note too that here we did not weight the deficits which

made up the FI. Some groups see this as essential and
point out that they can improve the (retrospective) pre-
dictive power of any FI in any given dataset by differential
weighting [30]. We have recognized this for some time
[31], but have chosen not to weight items because of the
greater generalizability which comes from using
unweighted ones, including the remarkable observation,
replicated here, of an empirical limit to frailty of about
0.7. From a measurement standpoint, this suggests that
the FI does not have a ceiling effect. With regard to how
deficit accumulation operates, the presence of an upper
limit is of considerable interest, as it allows the evaluation
of physiological redundancy in relation to frailty [32].
People who were frailer tended to be older, less edu-

cated, more often female and rural dwelling people
(Table 1). Not surprisingly, given that these impairments
were included in the FI, they also had higher ADL and
IADL scores (Table 1). Of note however, people with a
higher FI score tended to have higher CES-D scores
(indicating more depressive features) and lower MMSE
scores (indicating worse cognition).

It was curious to us that frailer elderly people on aver-
age reported fewer co-morbidities than the fit ones, as
this is outside of our experience with other FI calcula-
tions and therefore unexpected (Table 1). The reason
for this is not clear. One reason might be a survivor
effect, in that people with more co-morbidities simply
did not survive to be included in the sample. However,
this appears to be less likely, considering that a large
portion of subjects were within 55-80. More likely, the
observation represents some combination of reliance on
self-report, and surveying a sample which historically
had less access to diagnostic services. Many older parti-
cipants might not have had the opportunity to visit a
physician and thus lacked medical records on diseases.
Previous research has revealed similar results [28] and a
complex relationship between frailty and chronic dis-
eases has been suggested [2].
These analyses were undertaken as part of the Canada-

China Collaboration on Aging and Longevity, which has
been designed to address frailty in relation to population
aging, and to the use of health care services [33-35]. This
initial report suggests that the construct of frailty as defi-
cit accumulation is valid in China, in keeping with work
conducted in Hong Kong [6,20] and data from the Chi-
nese Longitudinal Healthy Longevity Survey [9,10]. In
contrast to the report from Hong Kong, a levelling off of
the FI at higher ages has not been found in BLSA or
CLHLS [10], something which remains unique in the
Hong Kong sample [6]. Although other Chinese datasets
have provided a great deal of information about frailty, so
far the parameter estimates of age-association of the FI
have not been reported. The much greater mortality
associated with deficit accumulation is of interest, and is
motivating additional inquiries by our group.

Conclusions
A Frailty Index employed in a Chinese sample showed
comparable properties as with Western data, but deficit
accumulation in the Chinese sample appeared to be
more lethal than in the West.
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