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Introduction
Frailty, a state of increased vulnerability to minor stressor events, confers high risks
for adverse outcomes such as hospitalizations and mortality.1,2 Recent studies have
demonstrated that frailty is a dynamic condition, characterized by frequent transitions
between different states.3–6 For example, Gill et al found that 57.6% of older adults had
at least one transition during 54-month follow-up period.3 Characterizing the dynamic
process of frailty would advance a better understanding of frailty and provide clues
for future clinical care planning and thereby reduce the financial burdens of family
and governments.
An important issue of frailty transitions is to distinguish their adverse effects on
health outcomes (eg, death). For example, it is unknown that whether older persons
who have been frail for a long time have higher likelihood of experiencing adverse
outcomes compared with those developed frailty from normal. Furthermore, a growing body of studies has paid attention to the quality of death in late life, such as the
extent of suffering (pain and discomfort) and number of bedridden days.7–10 Little is
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Background: Little is known about the adverse effects of frailty transitions. In this study, we
aimed to characterize the transitions between frailty states and examine their associations with
the type of death among older adults in China, a developing country with a rapidly growing
aging population.
Methods: We used data of 11,165 older adults (aged 65–99 years) from the 2002 and 2005 waves
of the Chinese Longitudinal Healthy Longevity Survey (CLHLS). Overall, 44 health deficits were
used to construct frailty index (FI; range: 0–1), which was then categorized into a three-level variable: nonfrail (FI #0.10), prefrail (0.10, FI #0.21), and frail (FI .0.21). Outcome was four types
of death based on bedridden days and suffering state (assessed in the 2008 wave of CLHLS).
Results: During the 3-year period, 3,394 (30.4%) participants had transitioned between different frailty states (nonfrail, prefrail, and frail), one-third transitioned to death, and one-third
remained in previous frailty states. Transitions to greater frailty (ie, “worsening”) were more
common than transitions to lesser frailty (ie, “improvement”). Among four categories of frailty
transitions, “worsening” and “remaining frail” had increased risks of painful death, eg, with
odds ratios of 1.92 (95% confidence interval [CI] =1.41, 2.62) and 4.75 (95% CI =3.32, 6.80),
respectively, for type 4 death (ie, $30 bedridden days with suffering before death).
Conclusion: This large sample of older adults in China supports that frailty is a dynamic process, characterized by frequent types of transitions. Furthermore, those who remained frail had
the highest likelihood of experiencing painful death, which raises concerns about the quality
of life in frail populations.
Keywords: frailty, transition, older adult, death
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known about whether persons experiencing different frailty
transitions demonstrated different quality of death. The
answers to these questions would help to recognize the prognostic value of distinct frailty transitions and then manage
clinical care and interventions more effectively.
China is a country with a rapidly growing aging population. The largest older population (mainly in mainland) is
particularly unique as they have experienced equities and
inequities in socioeconomic variables, lifestyles, and psychosocial stress over the past few decades, leading to variations
in their aging processes. Increasing academic attention has
been drawn to the pattern of chronic conditions (eg, hypertension and diabetes) in this unique population. However,
with one exception (in Hong Kong),6 little is known about
frailty transitions in Chinese older adults; none is known
about their distinct effects. Therefore, based on data from
the 2002, 2005, and 2008 waves of the Chinese Longitudinal
Healthy Longevity Survey (CLHLS), the largest national
sample of older adults in China, we set out a prospective
cohort study to characterize the transitions between frailty
states and examine their associations with the types of death
in Chinese older adults.

Methods
Study population
The CLHLS is an ongoing nationwide survey of older adults
in China, and the details of the sampling design, response
rates, attrition, and systematic assessments of data quality
across numerous measures were described elsewhere.11–13
Briefly, the survey began with interviewing the oldest old
($80 years) with informed consent in 1998 from half of the
counties and cities selected in 22 provinces in China. The
collected information included demographics, lifestyle,
diet, self-reported health, activities of daily living (basic
and instrumental), chronic diseases, and a myriad physical
and cognitive health conditions. Follow-up interviews of the
original sample and newly added samples – including adults
aged $65 to replenish participants who had died or were
lost to follow-up – were carried out in 2000, 2002, 2005,
2008, and 2011.
The current study used data from the 2002, 2005, and
2008 waves of the CLHLS (only the oldest old were recruited
in 1998 and 2000 waves). Considering the definition of
outcome (see below, assessed in 2008 wave), older adults
aged $100 years in 2002 were excluded. Of the 12,831
interviewees (aged 65–99 years) in 2002, 1,666 were lost to
follow-up and the remaining 11,165 were included in the transition analysis. Of the 11,165 participants, 3,787 died before
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2005 wave and 7,378 were alive in 2005 wave. Of the 7,378
participants, 1,464 were lost to follow-up before 2008 wave
and the remaining 5,914 were included in the subsequent
survival analysis. The CLHLS was approved by the Ethical
Committee of Social Science Division of Peking University
and was carried out in accordance with the approved
guideline. Data from the CLHLS are publicly available,
from either the Center for Healthy Aging and Development
Studies (Peking University, China) or the National Archive
of Computerized Data on Aging (University of Michigan,
Ann Arbor, MI, USA; http://www.icpsr.umich.edu/icpsrweb/NACDA/studies/36179#usage). The current study
based on the CLHLS data was exempt from ethical approval.

Frailty index (FI)
According to the standard procedure proposed by Searle
et al,14 we used 44 health deficits including activities of daily
living (basic and instrumental), chronic diseases, and the
psychological functions to construct an FI (Table S1). Each
deficit variable was dichotomized or polychotomized and
mapped to the interval 0–1 (eg, for the daily task – bathing,
“without assistance” was coded as 0, “partial assistance” as
0.5, and “need assistance” as 1) to represent the severity of the
deficit. Then, the FI was calculated by summing all deficits
and dividing the sum by the total number of deficits (n=44),
with the range from 0 to 1. Although different numbers of
deficits were used to construct an FI, the pattern of frailty
with age remained consistent as long as the major domains
of health, such as activities of daily living, were included.10
Furthermore, the deficits in this study were comparable with
those used in other studies based on CLHLS10,15–17 and
in studies conducted in the USA,18 Canada,19 and Hong
Kong.20 According to Blodgett et al21 and Hoover et al,22 we
categorized the FI score into a three-level variable: nonfrail
(FI #0.10), prefrail (0.10, FI #0.21), and frail (FI .0.21).

Frailty transitions
Following Gill et al,3 nine transitions were possible – six
among the three frailty states (nonfrail, prefrail, and frail) and
three from each of the three frailty states to death. To better
present the adverse effects of transitions, the six transitions
between the three frailty states (because the transitions
to death cannot be linked to the quality of death that was
assessed in 2008 wave) were then classified into four mutually exclusive categories: “remaining nonfrail and prefrail”
(because the two states were generally regarded as “healthy”),
“improvement” (ie, transitions to lesser frailty), “worsening”
(ie, transitions to greater frailty), and “remaining frail.”

Clinical Interventions in Aging 2018:13

Dovepress

Clinical Interventions in Aging downloaded from https://www.dovepress.com/ by 3.230.76.196 on 08-Apr-2020
For personal use only.

Outcome
The outcome was the type of death defined by bedridden days
and suffering state based on an evaluation of the decedents’
next of kin reported in the 2008 wave, described in detail
elsewhere.10 Briefly, Dupre et al10 integrated an objective
indicator of physical failure with a subjective indicator of
suffering before death to develop several categorizations
of the type of death. First, bedridden days before death
were classified into two categories: ,30 days vs $30 days.
Second, subjective painfulness of death was based on answers
from the decedents’ next of kin to the question, “Did the
deceased elder feel pain when death was coming?”. It was
considered “nonpeaceful” (ie, suffering) if the next of kin
answered, “very painful” and “relatively painful,” vice versa.
Since most Chinese elderly people reside in the community,
it provides the unique opportunity for the next of kin to report
on the participant’s suffering immediately before death.10,23
Finally, based on the participants’ last month of life, death
was classified into four types: type 1: ,30 bedridden days
with no suffering; type 2: ,30 bedridden days with suffering; type 3: $30 bedridden days with no suffering; and
type 4: $30 bedridden days with suffering. These measurements based on responses from family members have been
demonstrated to be reliable for assessing the quality of death
in older adults.24

Statistical analyses
The characteristics of the study populations in 2002 and 2005
waves were summarized using mean (±standard deviation)
or counts (percentages). We then determined the number
and rates for each of the frailty transitions between 2002
and 2005 waves.
To calculate odds ratios (ORs) and 95% confidence intervals (CIs) of four mutually exclusive transition categories for
the type of death, two multinomial logistic regression models
were fit. Model 1 adjusted for age and sex; model 2 additionally adjusted for race/ethnicity (Han vs others), residence
(rural vs others), marital status (currently married vs others),
education (illiterate vs literate), primary lifetime occupation
(white collar occupation vs other), smoking status (smoked
in the past 5 years vs others), regular exercise (yes vs no),
religious involvement (yes vs no), economic independence
(yes vs no), family in good economic standing (self-rated
as rich compared with other families in the community, yes
vs no), and being in receipt of adequate medication for any
illness (yes vs no).
To test the robustness of our findings, we performed
several sensitivity analyses. First, we compared participants
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included at baseline (n=11,165) with those who were lost
(n=1,666) and participants who completed the follow-up
period until death or 2008 (n=5,914) with those who were lost
to follow-up before 2008 wave (n=1,464). Second, we used
another cutoff for FI score that was suggested in previous
studies.25 That is, the participants were classified as nonfrail
(FI ,0.08), prefrail (0.08# FI ,0.25), and frail (FI $0.25).
Third, to account for the loss to follow-up before 2008 wave,
we used an inverse probability weighting (IPW) approach26
to refit our models. Fourth, we refitted the models in males
and females separately in terms of the possible effect of sex
on frailty.
All analyses were performed using SAS software
(Version 9.3; SAS Institute, Cary, NC, USA). A P-value
of ,0.05 (two-tailed) was considered statistically significant.

Results
The characteristics of the study participants are summarized
in Table 1. In 2002 wave, the mean age was 82.6 years, and
about 52.0% (n=5,800) of study participants were female.
The majority were Han ethnicity (93.8%), and more than half
were illiterate (57.4%). Only a small percentage had white
collar occupation (9.4%), and about 30% had economic
independence. Those who survived in 2005 wave were
comparable to those in 2002 wave, except they were younger
(79.8 vs 82.6 years) and had higher proportions of regular
exercise (38.6% vs 34.6%) and economic independence
(34.9% vs 29.2%).
Table 2 shows the numbers and rates of transitions
between frailty states. In 2002 wave, about 20.2% of
Table 1 Characteristics of the study participants in the 2002 and
2005 waves of the Chinese Longitudinal Healthy Longevity Survey
(CLHLS)
Characteristics

CLHLS 2002
(n=11,165)

CLHLS 2005a
(n=7,378)

Age, years, mean (SD)
Female, n (%)
Han ethnicity, n (%)
Rural residence, n (%)
Currently married, n (%)
Illiterate, n (%)
White collar occupation, n (%)
Smoked in the past 5 years, n (%)
Regular exercise, n (%)
Religious involvement, n (%)
Economic independence, n (%)
Good family economic standing, n (%)
Adequate medication, n (%)

82.6 (9.6)
5,800 (52.0)
10,475 (93.8)
6,286 (56.3)
3,995 (35.8)
6,410 (57.4)
1,049 (9.4)
2,348 (21.0)
3,862 (34.6)
1,707 (15.3)
3,261 (29.2)
1,921 (17.2)
9,984 (89.4)

79.8 (9.2)
3,860 (52.3)
6,916 (93.7)
4,129 (56.0)
3,175 (43.0)
4,094 (55.5)
785 (10.6)
1,659 (22.5)
2,850 (38.6)
1,268 (17.2)
2,573 (34.9)
1,283 (17.4)
6,692 (90.7)

Note: aIndicating the older adults participated in both the 2002 and 2005 waves.
Abbreviation: SD, standard deviation.
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Table 2 Transitions between frailty states in the study participants
in the 2002 and 2005 waves of the Chinese Longitudinal Healthy
Longevity Survey
Frailty
Frailty status (2005), n (%)
status (2002) Nonfrail Prefrail
Frail

Death

Total

Nonfrail
Prefrail
Frail
Total

331 (14.7)
1,357 (25.4)
2,099 (58.9)
3,787

2,252
5,349
3,564
11,165

1,035 (46.0)
2,264 (42.3)
360 (10.1)
3,659

225 (10.0)
1,110 (20.8)
1,059 (29.7)
2,394
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Model 1
OR 95% CI

participants were classified as nonfrail, 47.9% as prefrail, and
31.9% as frail. Of the 11,165 participants, 3,394 (30.4%) had
transitioned between different frailty states (nonfrail, prefrail,
and frail), one-third transitioned to death, and the other onethird remained in previous frailty states. Transitions to greater
frailty (ie, “worsening”) were more common than transitions
to lesser frailty (ie, “improvement”). For example, the rates
of transitions were 46% from nonfrail to prefrail and 10%
from nonfrail to frail, whereas only 11.6% from prefrail to
nonfrail and 10.1% from frail to prefrail, and 1.3% from
frail to nonfrail. As expected, the rate of transitions to death
increased from nonfrail to frail (Table 2).
Table 3 presents the associations between transition
categories and the type of death. We found that “worsening”
and “remaining frail” had significantly higher risks of all types
of death compared with “remaining nonfrail and prefrail.”
For example, “worsening” and “remaining frail” had ORs of
1.92 (95% CI =1.41, 2.62) and 4.75 (95% CI =3.32, 6.80),
respectively, for type 4 of death (ie, $30 bedridden days with
suffering before death). The association between “improvement” and the type of death was not statistically significant
(Table 3). When all types of death were combined together,
the corresponding ORs were 1.84 (95% CI =1.58, 2.13) for
“worsening,” 1.06 (95% CI =0.86, 1.30) for “improvement,”
and 3.22 (95% CI =2.64, 3.92) for “remaining frail” (data
not shown, adjusted for all covariates).
In sensitivity analyses, we found that 1) the characteristics
of participants included at baseline (2002 and 2005 waves)
and those who were lost to follow-up from 2002 to 2005
waves were generally similar, but with higher percentages
for urban residence, white collar occupation, and economic
independence observed in the latter group (Table S2). Similar results were observed when comparing participants who
completed the follow-up period until death or 2008 wave
and those who were lost to follow-up before 2008 wave
(Table S3); 2) by applying another cutoff (0.08 and 0.25)
for FI score showed similar results; 3) using IPW approach
with all covariates included, similar associations between
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661 (29.4)
618 (11.6)
46 (1.3)
1,325

Table 3 Associations between the four mutually exclusive frailty
transition categories and the type of death
Model 2
P-value OR 95% CI

Type 1: ,30 bedridden days with no suffering
Remaining nonfrail 1.00 Reference –
1.00
and prefrail
Worsening
1.91 1.54, 2.38 ,0.001 1.89
Improvement
0.90 0.65, 1.24 0.519
0.89
Remaining frail
2.81 2.15, 3.67 ,0.001 2.86
Type 2: ,30 bedridden days with suffering
Remaining nonfrail 1.00 Reference –
1.00
and prefrail
Worsening
1.50 1.18, 1.90 ,0.001 1.54
Improvement
1.22 0.89, 1.66 0.209
1.17
Remaining frail
2.59 1.91, 3.50 ,0.001 2.49
Type 3: $30 bedridden days with no suffering
Remaining nonfrail 1.00 Reference –
1.00
and prefrail
Worsening
2.24 1.66, 3.02 ,0.001 2.17
Improvement
1.23 0.81, 1.86 0.327
1.20
Remaining frail
4.09 2.91, 5.75 ,0.001 3.89
Type 4: $30 bedridden days with suffering
Remaining nonfrail 1.00 Reference –
1.00
and prefrail
Worsening
1.90 1.40, 2.59 ,0.001 1.92
Improvement
1.07 0.69, 1.67 0.754
1.03
Remaining frail
4.95 3.48, 7.05 ,0.001 4.75

P-value

Reference –
1.52, 2.36 ,0.001
0.65, 1.24 0.501
2.18, 3.76 ,0.001
Reference –
1.21, 1.95 ,0.001
0.86, 1.60 0.325
1.84, 3.39 ,0.001
Reference –
1.61, 2.93 ,0.001
0.79, 1.82 0.392
2.75, 5.50 ,0.001
Reference –
1.41, 2.62 ,0.001
0.66, 1.61 0.887
3.32, 6.80 ,0.001

Notes: Model 1 adjusted for age and sex; model 2 adjusted for age, sex, race/
ethnicity (Han vs others), residence (rural vs others), marital status (currently
married vs others), education (illiterate vs literate), primary lifetime occupation
(white collar occupation vs other), smoking status (smoked in the past 5 years vs
others), regular exercise (yes vs no), religious involvement (yes vs no), economic
independence (yes vs no), family in good economic standing (self-rated as rich
compared with other families in the community, yes vs no), and being in receipt of
adequate medication for any illness (yes vs no).
Abbreviations: CI, confidence interval; OR, odds ratio.

transition categories and the type of death were observed
with two exceptions for “worsening” (Table S4); and 4) there
were no substantial differences in the observed associations
above between males and females (data not shown).

Discussion
To the best of our knowledge, this is the first large-scale
study to examine frailty transitions and their associations
with adverse outcomes. In this prospective study, we found
that, during 3-year period, about one-third of the participants
remained in previous frailty states (eg, 29.4% remained
nonfrail). Transitions to greater frailty (ie, “worsening”)
were more common than transitions to lesser frailty
(ie, “improvement”). Among the four mutually exclusive
frailty transition categories, “worsening” and “remaining
frail” had increased risks of painful death. These findings
provide new insights into the harmful effects of certain frailty
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transitions and clues for subsequent clinical care and interventions in older adults.
The rates of frailty transitions in this study were consistent
with those from previous studies, although they might differ
slightly regarding certain transitions. Specifically, nearly all
prior studies demonstrated that transitions to greater frailty
(ie, “worsening”) were more common than transitions to
lesser frailty (ie, “improvement”).3,5,6,27 Only about 2% of
transitions from frail to nonfrail were observed in the study
of Hong Kong older adults,6 and the corresponding proportion was 1.3% in this study. Regarding remaining previous
frailty states, Lee et al6 reported that about 24.2%–25.5%
remained frail as opposed to the proportion (29.7%) shown
in this study. However, we noticed that a higher proportion
remained nonfrail (ranging from 37.8% to 67.4%) in previous
studies3,5,6,27 than that in this study (29.4%). The discrepancy
might be attributed to reasons such as differences in study
participants’ characteristics (eg, races and age), variations in
the follow-up period (eg, 1 year and 2 years), and different
frailty measurements used (eg, frailty phenotype vs index,
modified components for frailty phenotype). Our results
provide the first preliminary information based on a national
sample of older adults from Mainland China.
Furthermore, compared with older adults who “remained
nonfrail and prefrail,” those had experienced frailty transitions of “worsening” and “remaining frail” had increased
risks of painful death. The quality of death in late life has
drawn increasing attention during the past few decades, of
which the type of death is relevant to the older persons and
their families. Our findings underscore the harmful effects
and distinct prognostic value of certain frailty transitions. In
other words, among frequent frailty transitions, “worsening”
and “remaining frail” increased the likelihood of experiencing low quality of death, which raises concerns about the
quality of life in frail populations. Identifying factors that
contribute to these transitions is beyond the scope of the
current study, but would require much attention in the future.
In addition, participants who had transitioned to a nonfrail
status (ie, “improvement,” even being a smaller group) did
not show higher levels of adverse outcomes, which reinforces
the importance of intervention on frailty.
We observed that “remaining frail” had the highest risk of
all the four types of death (Table 3). Note that the older adults
who remained frail in this study might represent a selective
survived sample during the 3-year follow-up (we cannot
account for this potential confounding effect) and might be
expected to have better prognosis. However, we still found
that these older adults presented higher likelihood of painful
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death, which further underscores the cumulative deleterious
effect of frailty. To date, a large body of studies has been
conducted in frail populations on improving their quality of
life.28 In this study, to some degree, our results provide strong
evidence for the implementation of such clinical research.
From the perspective of clinical and policy implications, our
findings suggest that more health care resources should be
allocated to older adults with presence of frailty for a long
period of time accordingly.
This study also emphasizes the importance of longitudinal
assessments of frailty in older adults, which would be a future
research direction. To date, frailty has been recognized as
a hot topic,29 and frailty assessments have been conducted
in community and clinical settings.30–34 However, to our
knowledge, no formal clinical guideline has been developed
over the past years. The findings from this study suggest that
future guidelines of frailty assessments should consider collecting persons’ previous frailty states, which was of great
importance to subsequent health outcomes. A prior study on
frailty transition also supports this suggestion.3
The strength of this study is that it employs a comprehensive measure of frailty in a large-scale cohort of older
adults. Although slightly different deficits were used in
previous studies, the validity of the frailty measure was
satisfactory.10,15,16 Compared with prior studies on frailty
transitions,3,5,6,27 the current study had the largest sample
size. Nevertheless, several limitations of this study need
to be mentioned. First, the type of death only includes two
domains; no more qualitative assessments of quality of
death were available. Second, the high percentage of sample
attrition from 2002 to 2008 was not random and may have
introduced bias in our estimates, although we have compared
the participants included in the analyses with those who were
lost to follow-up and used IPW approach to account for the
loss to follow-up from 2005 to 2008. Third, some transitions
in shorter time might not be captured in this study using
a 3-year time period. Fourth, the use of FI approach may
overestimate frailty transitions due to the inherent nature
of such a measure of deficit accumulation (eg, a change for
FI from 0.20 to 0.22 had been defined as a transition from
prefrail to frail, whereas this change might not be substantially relevant to the participant). Finally, similar to other
studies on older adults, there was a proportion of missing
values because of increased age and/or declined cognitive
function, and proxies were used to reduce nonresponse,
which might introduce biases when there was inconsistency
between proxy ratings and those of the actual ratings of the
participants.
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In summary, this large sample of the older adults in China
supports that frailty is a dynamic process, characterized by
frequent types of transitions. Older adults who remained frail
for a period of time had the highest likelihood of painful
death, which raises concerns about the quality of life in frail
populations.
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Table S1 Variables for constructing frailty index in the 2002 and 2005 waves of the Chinese Longitudinal Healthy Longevity Survey
Number

Variables

Values

1
2
3
4
5
6

Feel useless with age
Feel lonely and isolated
Feel fearful or anxious
Keep my belongings neat and clean
Self-reported health
Do you feel any change in your health since
the last year?
Make own decision
Bathing
Dressing
Toileting
Transferring
Continence
Feeding
Able to go outside to visit neighbors?
Able to go shopping by yourself?
Able to make food by yourself?
Able to wash clothes by yourself?
Able to walk 1 km?
Able to carry 5-kg weight?
Able to crouch and stand for three times?
Able to take public transport?
Visual function

Never =0; seldom =0.25; sometimes =0.5; often =0.75; always =1
Never =0; seldom =0.25; sometimes =0.5; often =0.75; always =1
Never =0; seldom =0.25; sometimes =0.5; often =0.75; always =1
Always =0; often =0.25; sometimes =0.5; seldom =0.75; never =1
Very good =0; good =0.25; so so =0.5; bad =0.75; very bad =1
Much better =0; slightly better =0.25; almost the same =0.5;
slightly worse =0.75; much worse =1
Always =0; often =0.25; sometimes =0.5; seldom =0.75; never =1
Without assistance =0; partial assistance =0.5; need assistance =1
Without assistance =0; partial assistance =0.5; need assistance =1
Without assistance =0; partial assistance =0.5; need assistance =1
Without assistance =0; partial assistance =0.5; need assistance =1
Without assistance =0; partial assistance =0.5; need assistance =1
Without assistance =0; partial assistance =0.5; need assistance =1
Yes =0; a little difficult =0.5; not able to do so =1
Yes =0; a little difficult =0.5; not able to do so =1
Yes =0; a little difficult =0.5; not able to do so =1
Yes =0; a little difficult =0.5; not able to do so =1
Yes =0; a little difficult =0.5; not able to do so =1
Yes =0; a little difficult =0.5; not able to do so =1
Yes =0; a little difficult =0.5; not able to do so =1
Yes =0; a little difficult =0.5; not able to do so =1
Can see and distinguish the break in the circle =0; can see but not
distinguish the break in the circle =0.33; cannot see =0.67; blind =1
Both =0; right =0.5; left =0.5; neither =1
Both =0; right =0.5; left =0.5; neither =1
Both =0; right =0.5; left =0.5; neither =1
Yes, without using hands =0; yes, using hands =0.5; no =1
Yes, without using hands =0; yes, using hands =0.5; no =1
Not applicable =0; one serious illness =1; two or more serious
illnesses =2
No =0; yes =1
No =0; yes =1
No =0; yes =1
No =0; yes =1
No =0; yes =1

7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Hand behind neck
Hand behind lower back
Raise arms upright
Able to stand up from sitting in a chair
Able to pick up a book from the floor
Of times suffering from serious illness
in the past 2 years
Suffering from hypertension?
Suffering from diabetes?
Suffering from heart disease?
Suffering from stroke or cardiovascular disease?
Suffering from bronchitis, emphysema,
pneumonia, and asthma?
Suffering from tuberculosis?
Suffering from cataract?
Suffering from cancer?
Suffering from glaucoma?
Suffering from gastric or duodenal ulcer?
Suffering from Parkinson’s disease?
Suffering from bedsore?
Suffering from arthritis?
Suffering from dementia?
Was interviewee able to hear?

29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
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No =0; yes =1
No =0; yes =1
No =0; yes =1
No =0; yes =1
No =0; yes =1
No =0; yes =1
No =0; yes =1
No =0; yes =1
No =0; yes =1
Yes, without hearing aid =0; yes, but needs hearing aid =0.33;
partly, despite using hearing aid =0.67; no =1
Surprisingly healthy =0; relatively healthy =0.33; moderately
ill =0.67; very ill =1
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Table S2 Comparison between the participants included at baseline and those who were lost to follow-up; 2002 and 2005 waves of
the Chinese Longitudinal Healthy Longevity Survey
Characteristics

Participants included at baseline
(2002 and 2005 waves, n=11,165)

Participants who were lost to follow-up
from 2002 to 2005 waves (n=1,666)

Age, years, mean (SD)
Female, n (%)
Han ethnicity, n (%)
Rural residence, n (%)
Currently married, n (%)
Illiterate, n (%)
White collar occupation, n (%)
Smoked in the past 5 years, n (%)
Regular exercise, n (%)
Religious involvement, n (%)
Economic independence, n (%)
Good family economic standing, n (%)
Adequate medication, n (%)

82.6 (9.6)
5,800 (52.0)
10,475 (93.8)
6,286 (56.3)
3,995 (35.8)
6,410 (57.4)
1,049 (9.4)
2,348 (21.0)
3,862 (34.6)
1,707 (15.3)
3,261 (29.2)
1,921 (17.2)
9,984 (89.4)

81.7 (9.8)
881 (52.9)
1,632 (98.0)
592 (35.5)
613 (36.8)
889 (53.4)
237 (14.2)
309 (18.6)
641 (38.5)
319 (19.2)
688 (41.3)
302 (18.1)
1,522 (91.4)

Abbreviation: SD, standard deviation.

Table S3 Comparison between the participants who completed the follow-up period until death or the 2008 wave and those who
were lost to follow-up before the 2008 wave
Characteristics

Participants who completed the follow-up
period until death or 2008 wave (n=5,914)

Participants who were lost to follow-up
before 2008 wave (n=1,464)

Age, years, mean (SD)
Female, n (%)
Han ethnicity, n (%)
Rural residence, n (%)
Currently married, n (%)
Illiterate, n (%)
White collar occupation, n (%)
Smoked in the past 5 years, n (%)
Regular exercise, n (%)
Religious involvement, n (%)a
Economic independence, n (%)
Good family economic standing, n (%)
Adequate medication, n (%)

79.6 (9.2)
3,080 (52.1)
5,502 (93.0)
3,470 (58.7)
2,193 (37.1)
3,328 (56.3)
565 (9.6)
1,314 (22.2)
2,009 (34.0)
–
1,800 (30.4)
953 (16.1)
5,237 (88.6)

80.6 (9.1)
780 (53.3)
1,414 (96.6)
614 (41.9)
522 (35.7)
766 (52.3)
220 (15.0)
255 (17.4)
565 (38.6)
–
517 (35.3)
243 (16.6)
1,315 (89.8)

Note: aThe variable of religious involvement was not available in the 2005 wave of the Chinese Longitudinal Healthy Longevity Survey.
Abbreviation: SD, standard deviation.
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Table S4 Associations between the four mutually exclusive frailty transition categories and the type of death using an inverse probability
weighting approach
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Characteristics
Type 1: ,30 bedridden days with no suffering
Remaining nonfrail and prefrail
Worsening
Improvement
Remaining frail
Type 2: ,30 bedridden days with suffering
Remaining nonfrail and prefrail
Worsening
Improvement
Remaining frail
Type 3: $30 bedridden days with no suffering
Remaining nonfrail and prefrail
Worsening
Improvement
Remaining frail
Type 4: $30 bedridden days with suffering
Remaining nonfrail and prefrail
Worsening
Improvement
Remaining frail

Odds ratio

95% confidence interval

P-value

1.00
1.96
0.96
2.83

Reference
1.18, 3.25
0.47, 1.96
1.54, 5.20

–
0.009
0.900
,0.001

1.00
1.61
1.23
2.37

Reference
0.93, 2.80
0.61, 2.47
1.19, 4.71

–
0.088
0.569
0.014

1.00
2.18
1.22
3.81

Reference
1.11, 4.29
0.49, 3.03
1.77, 8.18

–
0.024
0.670
,0.001

1.00
1.85
1.01
4.25

Reference
0.92, 3.74
0.38, 2.69
1.92, 9.41

–
0.086
0.987
,0.001

Notes: Model adjusted for age, sex, race/ethnicity (Han vs others), residence (rural vs others), marital status (currently married vs others), education (illiterate vs literate),
primary lifetime occupation (white collar occupation vs other), smoking status (smoked in the past 5 years vs others), regular exercise (yes vs no), religious involvement
(yes vs no), economic independence (yes vs no), family in good economic standing (self-rated as rich compared with other families in the community, yes vs no), and being in
receipt of adequate medication for any illness (yes vs no).
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