Journals of Gerontology: Medical Sciences
cite as: J Gerontol A Biol Sci Med Sci, 2018, Vol. 73, No. 12, 1701-1707

GERONTOLOGICAL

Advance Access publication February 2, 2018
SOCIETY OF AMERICA®

A
X
A

Research Article

Disability Prior to Death Among the Oldest-Old in China

Zuyun Liu, PhD,"* Ling Han, MD, PhD," Xiaofeng Wang, MD, PhD,? Qiushi Feng, PhD,?
and Thomas M. Gill, MD’
'Department of Internal Medicine, Yale School of Medicine, New Haven, Connecticut. 2Unit of Epidemiology, Ministry of Education

Key Laboratory of Contemporary Anthropology, School of Life Sciences, Fudan University, Shanghai, China, *®Department of Sociology,
National University of Singapore.

*Address correspondence to: Zuyun Liu, PhD, Program on Aging, Department of Internal Medicine, Yale School of Medicine, 300 George Street,
New Haven, CT 06511. E-mail: zuyun.liu@yale.edu

Received: October 4, 2017; Editorial Decision Date: December 28, 2017

Decision Editor: Anne Newman, MD, PhD

Abstract

Background: To estimate the prevalence of disability during the last 3 years prior to death among the oldest-old (>80 years) in China.
Methods: We used data from the Chinese Longitudinal Healthy Longevity Survey (CLHLS), a nationally representative study of the oldest-
old in China. The analytic sample included 23,934 decedents who died between 1998 and 2014 and had at least one interview within the last
3 years of life. Disability was defined as being incontinent or needing assistance in performing one or more of five other essential activities
(bathing, transferring, dressing, eating, and toileting).

Results: About 57.8% (weighted) of the study decedents were female. The prevalence of disability increased modestly from 36 months to
24 months prior to death (20% to 23%), more rapidly from 24-months to 12-months before death (23% to 31%), and substantially from
12 months before death to the last month of life (31% to 48%). The disability rates were lowest for participants who died between 80 and
89 years, intermediate for those who died between 90 and 99 years, and highest for those who died at age 100 or older, although the patterns
over the 3-year period were comparable for the three age groups. At each time point prior to death, a higher percentage of women was disabled
than men.

Conclusions: In this large nationally representative sample of the oldest-old in China, the prevalence of disability during the 3 years prior to

death is high and is greater in women than men and those who die at the oldest ages.
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The oldest-old (280 years) is the fastest-growing segment of the
world’s population, including China. The dramatic aging popula-
tion poses new challenges, particularly for economically booming
nations, since their health care systems may not be well prepared
for this expanding vulnerable population. One particularly import-
ant question is whether and to what extent the oldest-old can main-
tain independence with essential activities of daily living (ADL).
According to the hypothesis of compression of morbidity, the time
spent in dependent states (i.e., disability) could be reduced and com-
pressed into a shorter period of time prior to death with improve-
ments in socioeconomic status and health care (1). In contrast,
another view (i.e., expansion of morbidity) posits that more frail
older adults will survive to extremely old age, but with worsening
health and higher rates of disability (2,3). It is difficult to determine
which of these two hypotheses is true (4,5). Consequently, a rigorous

evaluation of end-of-life disability in different countries is imperative
not only for the oldest-old, their families, and caregivers, but also for
policy makers.

To date, several studies in developed countries have demonstrated
that most older adults face a period of disability in late life, lasting to
the end of life (6-9). A large, population-based U.S. study of adults
older than 50 years found that more than one-third experienced dis-
ability a year before death, whereas more than half experienced dis-
ability in the last month of life; and these rates were much higher
for those who died at the older ages (6). Based on these results, the
authors concluded that the formal and informal care systems in the
United States should be redirected toward meeting end-of-life care
for the disabled; and warned that even the most well-functioning
older adults, together with their families and caregivers, should pre-
pare for a period of disability at the end of life.
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However, it is unknown whether these findings apply to low-
income or middle-income countries like China, a developing coun-
try with a rapidly growing aging population. Therefore, we carried
out a study to estimate the prevalence of disability prior to death
among the oldest-old in China using unique data from the Chinese
Longitudinal Healthy Longevity Survey (CLHLS), one of the largest
samples of oldest-old in the world. In addition, we evaluated the
distribution of end-of-life disability according to key demographic
factors such as age at death and sex.

Methods

Study Participants

The CLHLS is an ongoing nationwide survey of Chinese oldest-old
persons, with the major aim of collecting a comparable sample of
male and female octogenarians, nonagenarians, and centenarians
in a randomly selected half of the counties/cities in 23 provinces
throughout China (10,11). The 23 provinces covered about 90% of
the total population in China in 2010 census (11). To ensure rep-
resentativeness, a targeted random-sampling design was employed,
through interviews with approximately equal numbers of male and
female octogenarians, nonagenarians living near to the centenarians
(e.g., the same villages). This design serves well the major aim of
investigating determinants of healthy longevity of different age and
sex groups who live in the same social and natural environment (4).

The survey began interviewing the oldest-old from 1998; follow-
up interviews of the original sample and newly added samples were
carried out in 2000, 2002, 2005, 2008, 2011, and 2014. Thus, most
decedents had at least one interview within the last 3 years of life,
and the timing of this end-of-life interview was based on the time
between the last interview and date of death. Extensive question-
naires were used to collect a comprehensive set of information,
including demographic characteristics, lifestyle, self-reported health,
ADL, economic resources, etc. All information was obtained dur-
ing in-home interviews that lasted about 2 hours. Each respondent
provided written informed consent to indicate his/her willingness to
participate in the CLHLS. The informed consent was signed by the
next-of-kin in the case when the respondent was not able to write.
The details of the sampling design, response rates, attrition, and
systematic assessments of data quality across numerous measures
were described elsewhere (10). The Research Ethics Committees of
Peking University and Duke University granted approval for the
Protection of Human Subjects for the CLHLS. This study proto-
col (IRB Protocol ID: 2000021659) was approved by the Human
Investigation Committee at Yale University.

The date of death was collected from official death certificates
when available; otherwise, the next-of-kin and local residential com-
mittees were consulted. The quality of mortality data in the CLHLS
has been shown to be high (10). In this study, we assembled our
study participants from the 1998, 2000, 2002, 2005, 2008, and
2011 waves, including 60,759 oldest-old persons with homes-based
interview. As shown in Supplementary Figure S1, about 24,668 par-
ticipants died before the 2014 wave; of these, we excluded 332 with
missing data on date of death, 118 with missing data on ADL dis-
ability, and 284 who did not complete an interview within the last
3 years of life, leaving a final analytic sample of 23,934 decedents.

Measures

Disability

The Katz index (12) was used to assess disability in six essen-
tial ADLs: bathing, transferring, dressing, eating, toileting, and

continence. The Chinese version of the scale, which has been exten-
sively tested in pilot interviews, has been shown to yield reliable
and valid responses (13,14). Interviewers asked participants if they
needed personal assistance in performing five activities (bathing,
transferring, dressing, eating, and toileting) or had problems with
incontinence (12). ADL disability was defined as being incontinent
or needing assistance in performing one or more of the five other
activities (12,15,16). Severe ADL disability was defined as having
disability in three or more of the six activities (7). We also estimated
the prevalence of disability (i.e., unable or need assistance) in two
other functional tasks prior to death: walking one kilometer and
going shopping by oneself, which were available in the questionnaire
from 2002 to 2011.

Sociodemographic Factors

Demographic variables included age at death, sex (men vs women),
race/ethnicity (Han vs non-Han), and residence (rural vs urban).
Socioeconomic status included education (any formal education),
lifetime primary occupation (white collar occupation), economic
independence (primary financial source from own work or pen-
sion), family in good economic standing (self-rated as rich com-
pared with other families in the community), and being in receipt
of adequate medications for any illnesses. Social contact and sup-
port measures included current marital status and co-residence
with adult children. Health practices were measured by currently
consuming alcohol and regular exercise. These sociodemographic
factors have been well defined and studied in CLHLS, showing
important effects on disability (15) and relevant outcomes such as
frailty and mortality (17,18).

Statistical Analyses

To obtain population-based estimates, we incorporated a survey
weight variable that was constructed according to the distribution
of age, sex, and urban/rural residence in the Chinese population in
the corresponding survey year (10). Characteristics of the decedents
were calculated as means (xstandard deviation [SD]) or percentages.
We estimated the monthly prevalence of disability during the last
3 years of life using a restricted cubic spline with varied numbers
and locations of knots. Standard cut points for knots suggested by
Harrell (19) and other cut points (e.g., equally) were considered.
Goodness of fit for the logistic regression models was verified using
a modified Hosmer-Lemeshow approach. We selected the optimal
model using Akaike information criterion and C statistic. As study
participants were assembled from different waves of CLHLS, we
also accounted for the effect of calendar/survey time by adding a
time term in the model. When this time term and all sociodemo-
graphic factors were included in the model, a restricted cubic spline
with three knots placed at standard cut points (in our case 30, 16,
and 4 months prior to death) was optimal. The C statistic was 0.72,
indicating acceptable model discrimination. We used similar meth-
ods to estimate the prevalence of severe ADL disability and disability
in the two other functional tasks.

To estimate the prevalence of disability during the last 3 years of
life for relevant subgroups, we reran our model for each sociodemo-
graphic factor separately while adjusting for all other factors in the
models. We also calculated results stratified by age at death and sex.

To test the robustness of our estimates, we performed several
sensitivity analyses. First, we reran our models by replacing the
small proportion of missing data on sociodemographic factors
(<2%) using multiple imputation techniques. Second, we estimated
the prevalence of disability only among decedents assembled from
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the 2002 to 2011 waves, which spanned complete 3-year intervals.
Third, we compared the characteristics of 284 decedents who did
not have a home-based interview within the last 3 years of life with
those who did.

All statistical analyses were performed using SAS version 9.4
(SAS Institute, Cary, NC). p <0.05 (two-tailed) was considered to
indicate statistical significance.

Results

Characteristics of the decedents are provided in Table 1 according to
sex. About 57.8% (weighted, hereafter) of the decedents were female.
The mean (SD) age at the time of death was 86.0 (7.9) years for
men and 87.0 (11.7) years for women. About 0.9% of the decedent
women were centenarians, whereas only about 0.4% of the decedent
men were centenarians. Compared with decedent women, decedent
men were more likely to have higher proportions of formal educa-
tion, white collar occupation, economic independence, co-residence
with children, and regular exercise, and to be currently married and
consuming alcohol. The characteristics among the three subgroups
(decedents with interview in the last year of life, 1 to 2 years prior
to death, and 2 to 3 years prior to death) did not differ according to
sex, ethnicity, residence, and education (all p > 0.05). However, there
was a small difference in age at the time of death (86.0, 86.8, and
87.6, respectively, p < 0.001).

The modeled monthly prevalence of ADL and severe ADL dis-
ability during the last 3 years of life is presented in Figure 1. The
prevalence of ADL disability increased modestly from 36 months
to 24 months prior to death (20% to 23%), more rapidly from
24 months to 12 months before death (23% to 31%), and substan-
tially from 12 months before death to the last month of life (31% to
48%), as shown in Table 2. This pattern was generally consistent for

Table 1. Characteristics of Decedents by Sex

each of the six Katz ADLs, although the prevalence rates differed,
with the highest rates observed for bathing disability (Supplementary
Figure S2). For severe ADL disability, the prevalence rates were fairly
flat from 36 months to 24 months prior to death (6% to 7%) before
increasing modestly from 24 months to 12 months before death (7%
to 12%), and substantially from 12 months before death to the last
month of life (12% to 27%) (Figure 1). For both walking one kilo-
meter and going shopping by oneself, the prevalence of disability
increased progressively from 36 months prior to death to the last
month prior to death, although the rates were higher for walking
than shopping (Supplementary Figure S3).

Although the patterns over the 3-year period were comparable
for each of the three age groups, the disability rates were lowest for
participants who died between 80 and 89 years, intermediate for
those who died between 90 and 99 years, and highest for those who
died at age 100 or older (Figure 2 and Table 2). At each time point
prior to death, a higher percentage of women was disabled than men
(Supplementary Figure S4 and Table 2). After accounting for age at
death and sex, several other factors were associated with a higher
prevalence of disability at each time point during the last 3 years
of life, including urban residence, no adequate medication, having
co-residence with children, no regular exercise, and not currently
consuming alcohol (Table 2).

In a series of sensitivity analyses, we found that (i) the results
were nearly identical after missing data on sociodemographic
factors were imputed; (i) the prevalence estimates of disability
changed little when only decedents from the 2002 to 2011 waves
were included; and (iii) the 284 decedents who did not have home-
based interview within the last 3 years of life did not differ from
our study participants in sex, ethnicity, residence, and education
(all p > 0.05), but they were older at the time of death (88.2 vs
86.6 years, p = 0.020).

Characteristics Overall?, N = 23,934 Men, N = 9,131 Women, N = 14,803
Age at death, y
Mean (standard deviation)® 86.6 (10.0) 86.0 (7.9) 87.0 (11.7)
80-89 4,675 (80.1) 2,323 (84.8) 2,049 (76.7)
90-99 9,417 (19.2) 4,302 (14.8) 5,115 (22.5)
2100 9,842 (0.7) 2,203 (0.4) 7,639 (0.9)
Ethnicity, Han 22,210 (92.8) 8,504 (93.7) 13,706 (92.1)
Residence, rural 13,952 (66.5) 5,179 (66.7) 8,773 (66.3)
>1 Years of education® 6,563 (33.5) 5,076 (60.7) 1,487 (13. )
White collar occupation® 1,065 (5.0) 872 (9.4) 193 (1.7
Economic independence, yes® 2,936 (15.9) 2,289 (26.5) 647 (8. )
Good family economic status! 2,522 (13.6) 1,057 (14.8) 1,465 (12.7)
Adequate medication, yes® 21,594 (91.8) 8,339 (91.9) 13,255 (91.6)
Married, yes® 2,919 (23.7) 2,387 (39.2) 532 (12.4)
Co-residence with children, yes® 20,136 (80.3) 7,579 (82.5) 12,557 (78.7)
Regular exercise, yes® 4,718 (25.2) 2,565 (33.3) 2,153 (19.3)
Currently consuming alcohol, yes 4,234 (18.9) 2,404 (29.6) 1,830 (11.1)

Note: Values are given as No. (percentages) unless otherwise indicated. No. was based on study samples (unweighted). Percentages were weighted population

estimates that had incorporated survey weight variable that was constructed according to population distribution of age, sex, and residence. For 10,819 (weighted

percentage, 25.8%) participants who were unable to answer questions for activities of daily living, proxy interviews were conducted with their next of kin.

20f 23,934 decedents, 916 with missing data on weight variable were excluded for calculating weighted population estimates. "Weighted population estimates.

“Numbers of missing data ranged from 10 to 206 (150 for ethnicity, 156 for education, 206 for white collar occupation, 10 for economic independence, 22 for

adequate medication, 11 for married status, 11 for co-residence with children, 38 for regular exercise, and 44 for currently consuming alcohol) “The question about

family economic status was asked starting with the 2002 wave. Among the 23,934 analytic participants in this table, 6,710 (28.0%) participants from 1998 wave

and 2000 wave were not asked this question in the interview prior to death.
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Figure 1. Prevalence of ADL (activities of daily living) and severe ADL
disability during the last 3 years of life. Solid line represents ADL disability,
and dashed line represents severe ADL disability. Gray shading above and
below the line represents modeled 95% confidence intervals. Severe ADL
disability was defined as needing assistance with three or more ADL tasks.
Disability prevalence was modeled as a spline with knots at 30, 16, and
4 months prior to death, adjusting for sociodemographic factors including
age at death, sex, race/ethnicity, education, lifetime primary occupation,
economic independence, being in receipt of adequate drugs for any ilinesses,
current marital status, co-residence with adult children, regular exercise,
currently consuming alcohol, and calendar time term.

Discussion

To the best of our knowledge, this is the first study to estimate the
likelihood of being disabled prior to death among the oldest-old
population in a low- to middle-income country. In a population-
based sample of the oldest-old in China, we found that the predicted
disability prevalence increased as death approached, with disability
present in nearly one-fifth of persons at 36 months before death,
nearly a quarter at 24 months before death, nearly one-third at
12 months before death, and nearly one-half in the last month of life.
This pattern was generally consistent for severe disability. Disability
rates were higher for women than men and were highest for the cen-
tenarians. Our findings provide important information on end-of-life
disability for the rapidly aging population, and raise concerns about
the ability of China and other developing countries to manage the
projected tsunami of late-life disability in the coming years.

The pattern of end-of-life disability observed in the current study
is consistent with findings reported by the earlier U.S. study, which
evaluated disability during the last 2 years of life (6). In both stud-
ies, the prevalence of ADL and severe ADL disability increased much
more rapidly during the last year of life than during the prior year (i.e.,
from 24 to 12 months before death). Furthermore, our study revealed
a greater prevalence of end-of-life disability in persons who died at age
100 or older, a phenomenon rarely evaluated in previous studies (6-9).
Our results suggest that many adults who survive to extremely old age
often need assistance with basic activities for a prolonged period of
time prior to death (2,3). Given the expected increase in centenarians
in the coming years, these results pose enormous challenges for the
current health care systems, not only in China but also globally.

The prevalence estimates of late-life disability in the current
study are slightly lower than those in the U.S. study. Our findings
might be explained by differences in sociopolitical systems (e.g.,
health care policy), health practices, and cultural setting between
China and other countries (20,21). For example, many rural Chinese
had to perform labor-intensive farm work until very old age, which
might have helped them maintain muscle strength and physical fit-
ness, thereby reducing disability at the end of life (15). In addition,
recent studies have demonstrated that the disabling effects of some
major diseases (e.g., stroke (22) and cardiometabolic diseases) have
declined during the last few decades in China (23,24). Alternatively,
the lower prevalence might reflect subtle cultural differences that
make it less likely that older Chinese will disclose their illnesses to
nonfamily members (25). Finally, the implementation of the new
Rural Co-operative Medical Care System in 2000 coupled with poli-
cies and benefits targeting the oldest-old citizens since 1995 have
made medical care more accessible and affordable to the oldest-old,
leading to a lower prevalence of late-life disability (26-28).

Several subgroup-specific results warrant comment. First, women
were more likely than men to be disabled at each time point prior to
death, a finding that was also reported in the U.S. study (6). Sex dif-
ferences in chronic conditions, predisposing physiologic factors, and
social support may partly explain this gender difference. However, it
is important to note that Chinese women generally have less access to
medical resources than men and, as a result, may have poorer overall
health (29). Second, the prevalence of end-of-life disability in the
oldest-old was lower in rural versus urban participants. This differ-
ence might be explained by selective attrition due to higher mortality
earlier in life and by enhanced fitness from a life of farm work (15).
Third, participants who resided with children had a greater preva-
lence of disability than those who did not. There are at least two
possible explanations for this finding: first, participants who were
most vulnerable were probably more likely to move in with their
children (15); and second, personal assistance with essential daily
activities was more readily available for participants living with chil-
dren. Fourth, it is expected that participants who received adequate
medication for any illnesses, exercised regularly, or were currently
consuming alcohol had a lower prevalence of disability compared
with those who did not. In the Chinese culture, for example, alcohol
drinking “is not simply a dietary habit, but a sociocultural ritual,
whereby social connections or the so-called Guanxi are built, main-
tained, and strengthened” (30). Therefore, alcohol-drinking behavior
may serve as an indicator of maintenance of social network, which is
strongly associated with better outcomes in late life (31).

Our results should inform discussions about the prevention and
management of late-life disability among the oldest-old. Although
the prevalence of disability was high at the end of life, a sizeable
proportion, including nearly a quarter of the oldest-old, maintained
their independence before death. These findings support previous
studies showing that there is a subset of persons who “escape” com-
mon age-associated diseases and live to 100 years with good physical
function (32,33). Additional research on these “escapers” is needed
to inform the development of programs to prevent disability in the
oldest-old. On the other hand, a high proportion of the oldest-old
did not “escape” and had to cope with disability in their last years
of life. Because older adults with disability might still have a good
quality of life (34), families, caregivers, and policy makers should
aim to develop and implement strategies that enhance quality of life
prior to death in this vulnerable population. For example, bathing
might serve as a target for future interventions (e.g., retrofitting of
bathrooms) (16) since it was the most commonly disabled activity in
the current study.
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Table 2. Predicted Prevalence of ADL Disability Prior to Death Across Subgroups?®
Predicted prevalence, months prior to death, % (95% CI)
36 24 12 6 1 p value
Overall 20 (16 to 24) 23 (21 to 25) 31 (29 to 34) 40 (37 to 43) 48 (43 to 53)
Age at death, y
80-89 18 (14-22) 20 (18-23) 28 (26-31) 36 (33-40) 44 (39-50) Reference
90-99 30 (25-36) 34 (31-36) 44 (42-46) 53 (50-56) 61 (56-66) <0.001
>100 47 (39-55) 52 (46-57) 62 (57-67) 70 (65-75) 77 (71-82) <0.001
Sex 0.003
Men 16 (13-20) 19 (17-21) 26 (24-29) 34 (31-37) 42 (37-47)
Women 23 (18-28) 26 (23-29) 35(32-38) 44 (40-47) 52 (47-58)
Ethnicity 0.306
Minority group 18 (12-26) 21 (15-28) 29 (22-37) 37 (29-46) 45 (36-55)
Han 20 (16-24) 23 (21-25) 31 (29-34) 40 (37-43) 48 (43-53
Residence <0.001
Urban 23 (19-28) 26 (24-29) 36 (33-38) 44 (41-48) 53 (47-58)
Rural 18 (15-23) 21 (19-24) 29 (26-32) 37 (34-41) 45 (40-51)
Years of education 0.074
0 20 (16-25) 23 (21-26) 32 (29-34) 40 (37-44) 49 (43-54)
>1 19 (15-23) 22 (19-295) 30 (27-33) 38 (34-42) 46 (41-52)
White collar occupation 0.106
No 20 (16-24) 23 (20-25) 31 (29-33) 39 (37-42) 48 (43-53)
Yes 24 (18-31) 27 (22-33) 36 (30-43) 45 (39-52) 54 (46-62)
Economic independence 0.163
No 20 (16-24) 22 (20-25) 31 (28-33) 39 (36-42) 47 (42-53)
Yes 21 (17-27) 24 (21-28) 33 (29-37) 42 (37-47) 50 (43-56)
Good family economic status® 0.336
No 20 (16-24) 24 (22-26) 32 (29-34) 38 (35-41) 44 (38-49)
Yes 18 (14-23) 21 (18-26) 28 (24-33) 34 (29-40) 40 (33-47)
Adequate medication 0.028
No 25 (19-32) 28 (23-33) 37 (31-44) 46 (40-53) 55 (47-63)
Yes 19 (16-24) 22 (20-25) 31 (28-33) 39 (36-42) 47 (42-52)
Married 0.868
No 20 (16-25) 23 (21-26) 32 (29-34) 40 (37-43) 49 (44-54)
Yes 18 (14-23) 21 (18-24) 29 (26-33) 38 (33-42) 46 (39-52)
Co-residence with children <0.001
No 14 (10-18) 16 (13-20) 23 (19-27) 30 (25-35) 37 (31-44)
Yes 22 (17-26) 25(23-27) 33 (31-36) 42 (36-453) 51 (45-56)
Regular exercise <0.001
No 23 (18-28) 26 (24-28) 35(33-38) 44 (41-47) 52 (47-57)
Yes 13 (10-17) 15 (12-18) 21 (18-25) 28 (24-33) 35 (30-42)
Currently consuming alcohol <0.001
No 22 (18-27) 25(23-28) 34 (32-37) 43 (40-46) 51 (46-56)
Yes 12 (9-16) 14 (11-17) 20 (17-24) 27 (22-31) 34 (28-40)

Note: ADL, activities of daily living.

“Disability prevalence was modeled as a spline with knots at 30, 16, and 4 months prior to death, adjusting for sociodemographic factors including age at death,

sex, race/ethnicity, education, lifetime primary occupation, economic independence, being in receipt of adequate drugs for any illnesses, current marital status,

co-residence with adult children, regular exercise, and currently consuming alcohol. Prevalence for each subgroup was calculated while adjusting for all other soci-

odemographic factors in the model. "The question about family economic status was asked starting with the 2002 wave. Among the 23,934 analytic participants,

6,710 (28.0%) participants from 1998 wave and 2000 wave were not asked this question in the interview prior to death. These disability estimates were based

only on decedents whose family economic status was available.

The availability of high-quality data from the largest nationally
representative cohort of the oldest-old in the world provided us with
a unique opportunity to estimate the prevalence of disability dur-
ing the 3 years prior to death. By taking serial cross-sectional snap-
shots over time, we were simulating a longitudinal study rather than
following up an inception cohort prospectively over time. Without
more frequent assessments over shorter intervals, it is not possible
track individual disability trajectories. Additional longitudinal stud-
ies are needed to fully understand the end-of-life disablement pro-
cess and help inform the development of preventive interventions for

disability in this vulnerable population. Because the CLHLS did not
provide longitudinal weights, the application of survey weights could
lead to biased estimates due to the nonrandom losses to follow-up.
In addition, about a quarter of the disability assessments were based
on proxy report. In epidemiologic studies, the use of proxy reports
is considered preferable to omitting observations when older partici-
pants are unable to respond (6,35).

In conclusion, the results from this large nationally representative
sample of the oldest-old in China demonstrate a high prevalence of
disability during the 3 years prior to death. This prevalence was the
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Figure 2. Prevalence of ADL (activities of daily living) disability during the
last 3 years of life by age at death and sex. (A) age at death 80-89 years;
(B) 90-99 years; and (C) >100 years. Solid line represents men, and dashed
line represents women. Gray shading above and below the line represents
modeled 95% confidence intervals. Disability prevalence was modeled
as a spline with knots at 30, 16, and 4 months prior to death, adjusting
for sociodemographic factors including age at death, sex, race/ethnicity,
education, lifetime primary occupation, economic independence, being
in receipt of adequate drugs for any illnesses, current marital status,
co-residence with adult children, regular exercise, currently consuming
alcohol, and calendar time term.

greater in women than men and in persons who died at the oldest
ages. These results may help the oldest-old, together with their fami-
lies, caregivers, and policy makers, to make decisions about end-of-
life care. Additional strategies will be needed to better address the
care needs at the end of life for a rapidly expanding population of
disabled older persons worldwide.

Supplementary Material

Supplementary data is available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.
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