i l. bli Ith . .
tous/dotora/ 10,1 166/412669.000. 137571 BMC Public Health

RESEARCH Open Access

: cee : ®
Urban-rural disparities in the healthy ageing ===
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Abstract

Purpose: The aim of this study is to measure the trajectory of healthy ageing among Chinese middle-aged and older
population, and explore the disparity of the trajectory, as well as contributing factors, between urban and rural areas
in China.

Methods: A total of 9402 respondents aged 45 years and older interviewed in four waves (2011, 2013, 2015 and
2018) were selected from the China Health and Retirement Longitudinal Study. Healthy ageing score was calculated
through item response theory. A latent growth mixture model (LGMM) was applied to distinguish the trajectory of
healthy aging. A multinomial logistics regression model (MLRM) was used to explore the relationship between urban-
rural areas and healthy aging trajectories, and further to explore associated factors in rural and urban areas separately.

Results: The healthy ageing score was lower in rural areas than urban areas in each survey wave. Five classes (‘contin-
uing-low”, “continuing-middle’, “‘continuing-middle-to-high’, “significantly-declining’, “‘continuing-high”) were grouped
through LGMM. The MLRM results showed that urban living was significantly associated with a higher likelihood of
being healthy (for [continuing-low/continuing-high]: =—1.17,RRR=0.31, P<0.001, 95% Cl=0.18-0.53; and for

[continuing-middle/continuing-high]: 3 = —0.53, RRR=10.59, P<0.001, 95% Cl=0.49-0.71).

Conclusion: Healthy ageing is a prominent objective in the development of a country, and rural-urban disparities
are an essential obstacle to overcome, with the rural population more likely to develop a low level of healthy ageing
trajectory. Prevention and standardized management of chronic diseases should be enhanced, and social participa-
tion should be encouraged to promote healthy ageing. The policy inclination and resource investment should be
enhanced to reduce disparity in healthy ageing between urban and rural areas in China.

Keywords: Health ageing, Urban and rural disparity, China, trajectory

Background

China is one of the countries with the highest rate of

aging, and the situation of aging in China is severe [1].

As of 2019, the population of China accounted for 18%

of the global population. Among them, the number of
THaomiao Li and Yixin Zeng contributed equally to this work. people aged 65 or older reached 165 million, and the
number of people aged 80 or older reached 26 million.
By 2050, it is expected that the total number of people
over 65years of age in China will reach 365 million [2].
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China the growing needs of the elderly [3]. Responding actively
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the country [4], for which healthy ageing was proposed
and gradually became the theme of the times [2]. In 2015,
the WHO defined healthy ageing in its World report on
aging and health as “the process of developing and main-
taining the functional ability that enables well-being in
older age” [5]. Healthy ageing is a government goal and
an important condition for the national health level and
national economic and social development. The Chinese
government has formulated the “Health China 2030”
planning outline, which places health as a strategic prior-
ity for development and is an important manifestation of
the government’s active response to population aging and
achievement of healthy ageing [6].

A comprehensive understanding of the healthy ageing
trajectory of individuals and its factors is of great signifi-
cance for health development strategies. One of the most
important issues is the disparity in healthy ageing of indi-
viduals living in rural and urban areas. Research on the
current status and trajectory of healthy ageing between
urban-rural areas in China is lacking but important.
The rural/urban residence indicates household living
region and is defined by National Bureau of Statistics of
the People’s Republic of China. Regarding the socioeco-
nomic background, compared to other countries, China
has a large urban-rural disparity in terms of economic
income [7], with that the income of the urban popula-
tion is 2.5 times that of the rural population in 2021, and
the per capita disposable income of urban residents and
rural residents is RMB 47,412 and RMB 18,931 respec-
tively [8]; a larger proportion of older people and a faster
aging process in rural areas than in urban areas, with the
proportion of people aged 60 and over reaching 20.04%
and the proportion of people aged 65 and over reaching
13.82% in rural areas according to China Rural Revitali-
zation Survey (CRRS); and a lower level of education in
rural areas than in urban areas due to geographical loca-
tion and hukou policies, which are special identifiers
in China and affect many aspects of life such as buying
a house, buying a car, children’s school enrollment and
other welfare [9]. In terms of family structure, a large
number of left-behind children (whose parents went to
cities to earn money) and older empty nesters have been
increasingly common in rural areas due to population
mobility brought about by socioeconomic transforma-
tion [10, 11]; there are differences between urban and
rural populations in terms of the frequency of contact
with children [12] and economic interactions with chil-
dren [13]. In terms of personal life, rural populations dif-
fer from urban populations in smoking rates [14], alcohol
consumption rates [15], and utilization of medical check-
ups [16]. In addition, there are differences in healthcare
resources between urban and rural areas [17]. Numerous
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studies have demonstrated differences between urban
and rural areas in China, but it is unclear what the cur-
rent status and trajectory of healthy ageing are in urban
and rural areas, respectively, and whether disparity of
healthy ageing exists between them.

Middle-aged adults are the group of people aged 45 to
65years who are in a special period of transition to old
age. Compared to most of previous studies on healthy
ageing [2, 18, 19], we included a sample of middle-aged
adults to analyze the trajectory of healthy ageing. Some
studies have analyzed healthy ageing among middle-aged
adults, but have not focused on urban-rural disparity [20].

To better study population aging, many studies have
focused on defining and measuring healthy ageing and
established a healthy ageing score [21, 22], which pro-
vides a good reference for our study. The aim of this study
is to assess whether there are disparities in healthy age-
ing trends between urban and rural areas. We further
explore factors associated with healthy ageing in rural
and urban areas, respectively, to provide targeted inter-
vention suggestions.

Methods

Data source and sample selection

Data used for this study were from the China Health and
Retirement Longitudinal Study (CHARLS), which was
conducted by the National School of Development of
Peking University. The survey was conducted for 4 waves
(2011, 2013, 2015 and 2018). With a multistage stratified
probability-scale proportional sampling method to select
interviewees for Chinese residents aged 45 and older, and
one-on-one interviews with a structured questionnaire
to collect high-quality data, CHARLS has been widely
used to explore issues related to healthy ageing. The
response rate for the first wave (2011) of CHARLS was
80.5%, and the total sample size in 2011 was 17,708, who
were followed up every 2years with repeat surveys. The
data included individual weighting variables to ensure a
nationally representative survey sample [23]. Individual
questionnaires included basic demographic and house-
hold transfer information; health status and function-
ing; health care and insurance; employment, retirement,
and pensions; income and consumption; and household
assets. Details of the sampling method and questionnaire
can be found on the official website (http://charls.pku.
edu.cn/). The Biomedical Ethics Review Board of Peking
University approved CHARLS, and all participants were
required to provide written informed consent. The ethi-
cal approval number is IRB00001052-11015. A more
detailed description of the objectives and methods of
CHARLS has been reported elsewhere [24].
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Four waves of survey data were used for this study.
Respondents aged less than 45years old in 2011 and
individuals lost to follow-up survey were excluded. In
addition, given the accuracy of the healthy ageing index,
individuals with a denominator of less than 26 (80%
out of the total 42 items) were excluded from the study
[25]. A total of 9402 respondents who completed all
four data points were enrolled in the final analysis, with
6167 respondents (65.6%) living in rural areas, and 3235
respondents (34.4%) living in urban areas. According to
the data of the Sixth National Census (2010) in China,
the urban-rural ratio of population aged >45years old is
1:1.48. Therefore, respondents included in our analysis
basically conform to the urban-rural distribution of the
national population in China.

Variables

The healthy ageing score was the outcome measure in
this study. Based on the WHO framework and previous
studies [26—28], we reviewed the information included in
the CHARLS survey and identified 32 items (Supplemen-
tary Table S1) that might indicate the underlying concept
of healthy ageing. The selected items mainly focused on
physical and cognitive function, pain, hearing/eyesight
problems and memory problem, which strongly influ-
ence daily health performance. The selected items were
dichotomized into binary variables (0= presence of diffi-
culties, 1=absence of difficulties). Item response theory
(IRT) modeling was used to incorporate 32 items and
estimate latent trait scores for respondents on the basis
of the unidimensionality assumption. IRT models can
account for variation in response patterns, difficulty and
differentiation of the items, and generate corresponding
latent trait scores to reflect such variation. To improve
the interpretation of the results, the latent trait scores
were transferred into a range between 0 and 100:

X — min
HAI = % 100
max — min

+ HAI indicates the final healthy ageing score; X is the
latent trait score calculated by IRT. Min and max rep-
resent the minimum and maxmum latent trait score
generated by IRT, respectively. We also calculated
the empirical reliability and marginal reliability with
0.802 and 0.737, respectively, which presents well-
performed reliability of the sum scores [29].

The primary independent variable is the residence of
respondents (0=rural, 1=urban), indicating the living
region of the household, and is defined by the National
Bureau of Statistics of the People’s Republic of China.
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The covariates in this study include respondents’
socioeconomic background (age, gender, marital status,
educational level, household per capita consumption,
public health insurance coverage, current work status
and chronic conditions), family characteristics (whether
gives care to grandchildren, whether lives near children,
weekly contact with children, gave money to children,
received money from children) and lifestyle (alcohol
intake, smoking status, social participation and physi-
cal examination). The definition and classifications are
detailed in Supplementary Table S2.

Statistical analysis

In description analysis of the respondents’ baseline
characteristics, “number (percentage)” was used for the
description of binary or categorical variables, and “mean
=+ standard deviation (SD) “ and “median (percentages)”
were used for the description of continuous variables
with normal distribution and abnormal distribution,
respectively. The significance of the variances of binary
or categorical variables were analyzed using x2 or Fisher’s
exact test and those of continuous variables were ana-
lyzed using t-tests or a non-parametric equivalent (Wil-
coxon rank test). Bonferroni corrections were made for
multiple comparisons (Supplementary Table S3).

We adopted the general additive models (GAM) to fit
the regression for healthy ageing score on survey wave
in rural and urban areas. GAM extends the generalized
linear model, in which the predictor function may con-
tain one or more user-specified sums of smooth func-
tions of the covariates plus a conventional parametric
component of the linear predictor. With the cubic spline
smoothing function to control for the confounding fac-
tors, an additional smoothing function of survey wave
was constructed to filter out the trends of outcomes, and
could reveal the trend variance between different groups
[30-32].

A latent growth mixture model (LGMM) was applied
to classify the trajectory of the healthy ageing score of
the respondents across 4 survey waves and to test predic-
tors of membership in these classes [33, 34]. The LGMM
is efficient at modeling the variation in growth param-
eters that incorporate information from multiple indica-
tors (repeated measures of an outcome). Furthermore,
LGMM analysis does not assume a single population and
can test for the presence of multiple groups or classes of
individuals who represent distinct multivariate normal
distributions [35-37]. We compared one- to four-class
unconditional LGMMs and assessed the relative fit with
conventional indices. To determine the appropriate class
solution, we examined the Bayesian information criterion
(BIC), the Akaike information criterion (AIC), entropy
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values, and the Lo-Mendell-Rubin likelihood ratio test
(LRT).

After trajectory groups of healthy ageing were identi-
fied, a multinomial logistic regression model (MLRM)
was further performed to investigate the effect of rural/
urban areas on trajectory type in middle-aged and older
adults, with covariates in 2011 controlled. We fur-
ther explored factors associated with trajectory type in
rural and urban areas, respectively, through MLRM. In
addition, we repeat MLRM among respondents aged
>65years old and<65years old separately as sensitiv-
ity analysis. The relative risk ratio (RRR) and confidence
interval (CI) were calculated, with an RRR<1 indicat-
ing a higher likelihood of being healthy. Considering the
covariates may be time-variant, we additionally applied
random-effects model, to assess the impact of rural/
urban residence on healthy ageing score.

The P values were two-sided, and an alpha level of 0.05
was used to define statistical significance. The data were
analyzed using Stata (version 15) and R version 3.6.3 (R
Foundation for Statistical Computing, Vienna, Austria).

Results

Table 1 shows the descriptive statistics of the variables
used in this study for both the rural and urban sam-
ples. Of all respondents, rural older adults accounted
for 65.59% (6167). Urban-rural respondents significantly
differed in socioeconomic background, family character-
istics, and personal lifestyle. In terms of socioeconomic
background, more than four-fifths of rural older adults
were still working, a significantly higher percentage than
that among urban older adults (three-fifths). In addi-
tion, the vast majority (93.32%) of rural older adults did
not have upper secondary education, with a significant
higher proportion than that among urban older adults
(81.02%). Through Bonferroni correction, rural respond-
ents had a significant higher proportion of low and low-
to-middle consumption than urban respondents, and
urban respondents had a significant higher proportion
of high and middle consumption than rural respondents.
In terms of family characteristics, a significantly higher
proportion of urban older adults cared for grandchildren
(57.26%), co-resided with children (93.72%), and were in
contact with children (95.71%) than rural older adults
(48.34, 91.47, and 91.02% respectively). However, only
27.55% of urban respondents received financial support
from children, which was much lower than the propor-
tion of rural respondents (39.10%). In terms of personal
lifestyles, rural respondents had a less healthy lifestyle
than urban respondents in terms of smoking, drink-
ing, and social interactions. The proportion of currently
smoking respondents was significantly higher in rural
areas than that in urban. In addition, more than half
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(55.52%) of urban older adults had physical examinations
within the past 2years, which was higher than that of
rural respondents (47.25%).

Table 2 shows that the average healthy ageing score
gradually decreased from 68.17 in 2011 to 60.38 in 2018
among the total respondents, from 70.83 in 2011 to
62.88 in 2018 among urban respondents, and from 66.77
in 2011 to 59.07 in 2018 among rural respondents. The
average healthy ageing score of rural respondents was
lower than that of urban respondents in each wave. After
controlling all the covariates, smooth curving based on
GAM presented that the adjusted mean healthy ageing
score in rural areas was significantly lower than that in
urban areas, and significant declines of healthy ageing
score during 2015-2018 were observed in both rural and
urban areas (see Fig. 1).

The results of the LGMM are shown in Table 3. We
compared two- to six-class unconditional models for
healthy ageing scores after adjusting for age and gender,
and examined the BIC, AIC entropy values and LRT. We
sought a model with lower values for the criterion indi-
ces, higher entropy values, and LRT P value. The results
suggested that a five-class solution was the best. Then, we
estimated the means of each class in every survey wave
and defined the five classes as “continuing-high’, “con-
tinuing-middle-to-high’, “continuing-middle’, “continu-
ing-low’; and “significantly-declining” to represent the
trajectories of healthy ageing. As shown in Fig. 2, there
was an obviously downward trend in the overall health
status with age. The results of the distribution of healthy
ageing trajectories within different groups (Table 4) show
that rural respondents had a higher proportion of signif-
icantly-declining trajectory type than urban respondents
(1.69% vs 1.02%) and a lower proportion of continuing-
high and continuing-middle-to-high trajectory types
(30.97% vs 34.37, 17.17% vs 24.88%).

MLRM was conducted to investigate the effect of rural/
urban residence on trajectory type of healthy ageing
score in older adults with potential confounders adjusted.
Urban residence was significantly associated with a
higher likelihood of being healthy (for [continuing-low/
continuing-high]: p=—-1.17, RRR=0.31, P<0.001, 95%
CI=0.18-0.53; and for [continuing-middle/continuing-
high]: p=—-0.53, RRR=0.59, P<0.001, 95% CI=0.49-
0.71). The details are shown in Table 5.

Table 6 shows that education, marriage, work sta-
tus, chronic disease status, alcohol intake, smoking sta-
tus, and social participation are common influences on
healthy ageing trajectories in both urban and rural areas.
In addition, income, and physical examination were asso-
ciated with healthy ageing trajectory in rural areas; while
gave care to grandchildren, gave money to children were
related to healthy ageing trajectory in urban areas.
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Table 1 Baseline descriptions (N=9402)

Rural(n=6167) Urban(n=3235) P value
1.socioeconomic background
Age 58.00 (45.00-93.00) 57.00 (45.00-95.00) 0.239
Gender 0.066
Male 2818(45.69%) 1414(43.71%)
Female 3349(54.31%) 1821(56.29%)
Educational level <0.001
Less than lower secondary 5755(93.32%) 2621(81.02%)
upper secondary & vocational 396(6.42%) 509(15.73%)
tertiary 16(0.26%) 105(3.25%)
Marital status 0.653
Divorced or widowed 661(10.72%) 337(10.42%)
Married 5506(89.28%) 2898(89.58%)
Household per capita consumption
Low 2203 (40.99%) 590 (21.91%) <0.001
Low-to-middle 1581 (29.42%) 617 (22.91%)
Middle 1053 (19.59%) 770 (28.59%)
High 537 (9.99%) 716 (26.59%)
Public health insurance coverage <0.001
Not covered 295(4.80%) 278(8.62%)
Covered 5857(95.20%) 2946(91.38%)
Current work status <0.001
Not working 1110(18.06%) 1382(42.92%)
Working 5036(81.94%) 1838(57.08%)
Chronic condition 0317
None 1810(29.35%) 908(28.07%)
Yes 1844(29.90%) 962(29.74%)
Morbidity 2513(40.75%) 1365(42.19%)
2.Family characteristics
Gave care to grandchildren <0.001
None 2289(51.66%) 854(42.74%)
Yes 2142(48.34%) 1144(57.26%)
Live near children <0.001
None 516(8.53%) 199(6.28%)
Yes 5530(91.47%) 2969(93.72%)
Weekly contact with children <0.001
None 544 (8.98%) 136 (4.29%)
Yes 5515(91.02%) 3035 (95.71%)
Gave money to children 0.029
None 4980(81.04%) 2673(82.88%)
Yes 1165(18.96%) 552(17.12%)
Received money from children <0.001
None 3745(60.90%) 2341(72.45%)
Yes 2404(39.10%) 890(27.55%)
3.Lifestyle
Alcohol intake 0.524
Do not drink 4161(67.48%) 2204(68.13%)
Drink 2005(32.52%) 1031(31.87%)
Smoking status <0.001

Never 3750(62.02%) 2094(65.60%)
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Table 1 (continued)
Rural(n=6167) Urban(n=3235) P value
Quit now 455(7.53%) 254(7.96%)
Still 1841(30.45%) 844(26.44%)
Social participation <0.001
None 3325(53.92%) 1566(48.42%)
Yes 2841(46.08%) 1668(51.58%)
Physical Examination <0.001
None 3252(52.75%) 1438(44.48%)
Yes 2913(47.25%) 1795(55.52%)

Note: Age was described by median (min-max), and the variance was tested by Wilcoxon rank test because of the abnormal distribution

Table 2 Description of healthy aging scores within different
groups (Mean £ SD)

2011 2013 2015 2018
Overall 6817 +£1569 6666+ 1539 6463 +1606 60.38=+ 1563
Rural 66.77 £ 1565 654641529 6320+£1603 59.07 £ 1555
Urban 7083+ 1542 689641530 673441574 628841547

Table 7 shows that the results of MLRM for respond-
ents aged >65years old and <65years old were consist-
ent with the main analysis (Table 5), which validated our
conclusions.

We additionally apply random-effects model to assess
the impact of rural/urban residence on healthy ageing
score accounting for time-varying covariates. The results
(Table 8) also shows that urban respondents were more
likely to have higher healthy ageing score than rural
respondents (p=4.19; P<0.001).

Discussion

To our best knowledge, this is the first study to assess the
disparity of healthy ageing trajectory between rural and
urban areas in China. We measured the level of healthy
ageing by an index (healthy ageing score) that integrates
the physiological, psychological, and cognitive func-
tional states of the middle-aged and older population
through IRT. Through a latent growth mixture model, a
decreasing trend of healthy ageing score was found,
however, the decreasing magnitudes differed. We
further found the distribution in different trajectory
groups was significantly varied between urban and
rural areas, with a higher proportion of significantly-
declining and a lower proportion of continuing-high
and continuing-middle-to-high trajectory types in
rural areas than those in urban areas. Multinomial
logistics regression model further indicated that rural
populations were more likely to develop lower level of
healthy ageing.
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Table 3 Fit indices for two- to four-class growth mixture models
for healthy aging score

AIC BIC Entropy Lo-Mendell-
Rubin test P
value
2classes 293462738 293584265 0428 <0.001
3classes 293304499 293454622 0590 <0.001
4classes  293,183.644 293362361  0.635 <0.001
5classes  293,130617 293337929  0.720 <0.001
6 classes  293,093300 293,329.206  0.568 0.240

Note: Healthy ageing scores was adjusted for age and gender

AIC Akaike information criterion, BIC Bayesian information criterion

A study analyzed healthy ageing scores in eight coun-
tries with mean ages ranging from 61.5 to 77.5 and
healthy ageing scores ranging from 56.8 to 76.9, with a
combined country score of 67.5 and an overall mean age
of 62.9 [28]. Our study showed that the baseline popula-
tion (mean age 58.2, median 58) had a mean healthy age-
ing score of 68.2, which is within a reasonable range. This
study indicated that the trajectory of declining health
status is irreversible for older adults along with aging.
However, we found several healthy ageing trajectories
with different levels of health status and different slopes,
which indicated that the loss of health can be controlled,
or at least delayed.

Healthy ageing is a prominent objective in the devel-
opment of a country, and rural-urban disparities are an
essential obstacle to overcome. In China, the disparity of
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healthy ageing between rural and urban areas is signifi-
cant. Although the trajectory of declining health status is
irreversible for older adults, the risk of unsuccessful aging
is much higher in rural areas than in urban areas, which
could be indicated by the higher risk of being enrolled in
the “continuing-low” and “continuing-middle” healthy
ageing trajectory group in rural areas.

We further identified factors associated with healthy
ageing trajectory in rural and urban areas respectively
and mainly concentrated on the “continuing-low” and
“continuing-middle” groups. We found that higher lev-
els of education are more likely to be healthy than those
who have not received higher education. Relevant stud-
ies have shown that higher levels of education are asso-
ciated with longer lifespans and delayed disease onset
[38]. People with higher education may have higher
socioeconomic status, resulting in increased life satis-
faction [39]. People who are still working are more likely
to be healthy. Although the work of the rural popula-
tion is mainly engaged in agricultural production, and

Table 4 Distribution of healthy aging trajectory within different
groups, N (%)

Overall Rural Urban
Continuing-high 3022 (32.14%) 1910(30.97%) 1112 (34.37%)
Continuing-middle- 1864 (19.83%) 1059 (17.17%) 805 (24.88%)
to-high
Continuing-middle 4224 (44.93%) 2978 (48.29%) 1246 (38.52%)
Continuing-low 155 (1.65%) 116 (1.88%) 39(1.21%)
Significantly-declining 137 (1.46%) 104 (1.69%) 33 (1.02%)

s Healthy ageing socore

———O——Class 1.29%
ass 2, 43.1%
——O——Class
———O0——Class

3.207%
4,26%

20 ——————O——Class 5, 30.6%
15
10|
54
Survey wave (0=2011; 1=2013; 2=2015; 3=2018)
T & & T 86 & & & L T & & T 8 & L & & & - 4 & I & & T & & & =
S 6 8 o ©o o o o o D < 2 = 2 2 § 0 d a4 N &N & @ & & -

Fig. 2 Trajectory of healthy ageing score by latent growth mixture model. The definition of the classes: Class 1, continuing-low; Class 2,
continuing-middle; Class 3, continuing-middle-to-high; Class 4, significantly-declining; Class 5, continuing-high
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Table 5 Multinomial logistic regression of trajectory type (Reference: continuing-high group)

Continuing-low

Continuing-middle

Continuing-middle-to-high  Significantly-declining

RRR(95%Cl) Pvalue RRR(95%Cl) Pvalue RRR(95%Cl) Pvalue RRR(95%Cl) Pvalue

Residence

Urban 0.31(0.18,0.53) <0.001 0.59(0.49,0.71) <0.001 1.09(0.88,1.36) 0432 0.66(0.39,1.13) 0.133
Educational level

Upper secondary 0.42(0.17,1.02) 0.054 0.28(0.21,0.38) <0.001 0.39(0.28,0.56) <0.001 0.58(0.27,1.26) 0.168
& vocational

Tertiary - - 0.12(0.05,0.29) <0.001 0.21(0.08,0.56) 0.002 - -
Marital status

Married 1.49(0.67,3.30) 0.324 0.74(0.55,1.00) 0.049 0.69(0.48,0.98) 0.041 0.62(0.29,1.31) 0.207
Household per capita consumption

Low-middle 1.50(0.87,2.58) 0.142 1.03(0.85,1.25) 0.750 1.20(0.94,1.52) 0.148 1.60(0.91,2.82) 0.106

Middle-high 1.64(0.92,2.91) 0.093 0.95(0.77,1.17) 0.664 1.10(0.84,1.43) 0481 1.24(0.65,2.36) 0.508

High 1.19(0.57,2.51) 0.643 1.00(0.77,1.29) 0.977 1.46(1.07,2.00) 0.018 1.47(0.69,3.12) 0313
Public health insurance coverage

Covered 2.06(0.70,0.08) 0.189 1.05(0.75,1.47) 0.771 1.12(0.75,1.69) 0.571 0.62(0.29,1.37) 0.241
Current work status

Working 0.11(0.07,0.17) <0.001 0.54(0.44,0.67) <0.001 0.59(0.46,0.75) <0.001 0.49(0.28,0.85) 0.010
Chronic condition

Yes 2.98(1.24,7.17) 0.015 1.71(1.40,2.10) <0.001 0.73(0.57,0.92) 0.007 1.05(0.59,1.89) 0.865

Morbidity 10.80(4.84,24.10) <0.001 4.08(3.35/4.97) <0.001 0.70(0.55,0.89) 0.003 1.67(0.96,2.90) 0.069
Gave care to grandchildren

Yes 0.63(0.41,1.00) 0.045 1.11(0.95,1.30) 0.169 1.04(0.86,1.27) 0.663 1.00(0.63,1.58) 1.000
live near children

Yes 1.38(0.54,3.49) 0499 0.905(0.67,1.22) 0513 1.26(0.84,1.90) 0.259 0.96(0.39,2.41) 0.936
Weekly contact with children

Yes 0.72(0.33,1.55) 0.397 1.00(0.74,1.34) 0.984 0.82(0.56,1.21) 0322 0.87(0.37,2.07) 0.760
Gave money to children

Yes 0.52(0.28,0.96) 0.037 0.79(0.65,0.95) 0.011 0.96(0.76,1.20) 0.699 0.74(041,1.33) 0.308
Received money from children

Yes 1.05(0.68,1.63) 0.823 1.11(0.94,1.30) 0218 1.06(0.87,1.30) 0.554 0.64(0.39,1.07) 0.087
Alcohol intake

Drink 0.44(0.26,0.75) 0.003 0.40(0.34,047) <0.001 0.21(0.16,0.26) <0.001 0.52(0.32,0.87) 0.012
Smoking status

Quit now 0.38(0.20,0.72) 0.003 0.14(0.11,0.18) <0.001 0.03(0.02,0.06) <0.001 0.31(0.15,0.68) 0.004

Still 0.25(0.15,041) <0.001 0.12(0.10,0.15) <0.001 0.03(0.02,0.05) <0.001 0.28(0.17,047) <0.001
Social participation

Yes 0.29(0.18,047) <0.001 0.88(0.75,1.02) 0.090 1.12(0.93,1.36) 0.237 1.14(0.72,1.79) 0.575
Physical examination

Yes 0.67(043,1.03) 0.065 0.85(0.72,0.99) 0.035 0.81(0.66,0.98) 0.030 0.73(0.46,1.15) 0.170

RRR Relative Risk Ratio, C/ Confidence intervals

this work is continuous, unlike urban workers who have
a time point for retirement age, we found its consistent
impacts on healthy ageing trajectory in both rural and
urban areas, which may be related to the fact that those
who work are responsible for the family and are gener-
ally a source of income, and there is a significant posi-
tive gradient between life satisfaction and finances [40].

Multi-morbidity is associated with low healthy ageing
level in both rural and urban areas, which is more and
more common in China, and brings great challenges to
the medical system and health managers. Therefore,
strengthening prevention and standardized management
of chronic diseases is in urgent need [1, 41]. Alcohol
intake and smoking status are associated with likelihood
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Table 6 Multinomial logistic regression of trajectory type in rural and urban areas (Reference: continuing-high group)
Rural (n=6167) Urban (n=3235)
Continuing-low Continuing- Continuing- Significantly- Continuing-low  Continuing- Continuing- Significantly-
middle middle-to-high  declining middle middle-to-high  declining
Educational level
Upper 0.23(0.05,1.01) 0.29(0.20,042)***  0.29(0.17,0.50***  0.70(0.27,1.83) 1.24(0.35,4.33) 0.27(0.17,043)***  0.48(0.30,0.79)**  0.43(0.12,1.56)
secondary
& voca-
tional
Tertiary - 0.20(0.02,2.12) - - - 0.12(0.05,0.33)***  0.20(0.07,057)** -
Marital status
Married  3.09(1.05,9.10)* 0.92(0.02,2.12) 1.01(0.70,1.72) 0.70(0.30,1.67) 0.35(0.10,1.28) 0.44(0.24,0.82)* 0.29(0.15,0.56)***  0.48(0.10,2.31)

Household per capita consumption

Low- 1.76(0.96,3.22)
middle

Middle-  2.25(1.16,4.34)*
high

High 1.28(0.52,3.15)

Public health insurance coverage

1.83(0.51,6.62)
Current work status
0.07(0.04,0.12)***
Chronic condition

Yes 347(1.269.59)*

Morbidity 10.72(4.1527.74)*
Gave care to grandchildren
0.84(0.51,1.39)
live near children
1.01(0.38,2.69)
Weekly contact with children
0.77(0.32,1.85)
Gave money to children
0.62(0.31,1.85)
Received money from children
0.90(0.54,1.47)
Alcohol intake

Drink 0.32(0.17,0.60)***
Smoking status

Quit now 047(0.22,0.98)*

Still 0.26(0.14,047)
Social participation
0.32(0.19,0.56)***
Physical examination
0.65(0.40,1.07)

Covered

Working

Yes

Yes

Yes

Yes

Yes

Yes

Yes

1.09(0.87,1.35)

1.01(0.78,1.30)

0.97(0.69,1.35)

0.92(0.59,1.43)

0.44(0.33,0.59)***

1.67(1.32,2.12)**
4.08(3.24,5.14)***

0.84(0.52,1.39)

1.01(0.38,2.69)

0.77(0.32,1.85)

0.62(0.31,1.24)

0.90(0.54,1.47)

0.32(0.17,0.60)***

0.47(0.22,0.98)***
0.26(0.14,047)***

0.32(0.18,0.56)

0.65(0.40,1.07)*

1.22(0.92,1.63)

1.19(0.85,1.67)

1.48(0.97,2.26)

1.19(0.67,2.13)

0.59(0.41,0.84)**

0.67(0.51,0.90)**
0.62(0.46,0.83)**

0.91(0.72,1.16)

1.19(0.74,1.94)

0.82(0.53,1.27)

1.08(0.81,1.44)

1.04(081,1.33)

0.18(0.13,0.25)***

0.04(0.02,0.08)***
0.03(0.02,0.04)***

1.02(0.81,1.30)

0.84(0.66,1.06)

1.84(0.97,3.49)

1.53(0.71,3.26)

1.21(0.43,3.40)

0.97(0.29,3.32)

0.33(0.17,0.65)**

1.09(0.54,2.20)
1.88(0.97,3.63)

1.07(0.62,1.85)

1.29(0.42,3.98)

0.61(0.25,1.50)

0.89(0.45,1.73)

0.68(0.38,1.22)

0.53(0.29,0.96)*

0.42(0.17,1.00)*
0.27(0.15,0.51)***

1.13(0.66,1.93)

0.73(0.42,1.25)

0.96(0.27,3.47)

0.79(0.23,2.68)

0.77(0.18,3.27)

3.24(0.39,27.06)

0.32(0.12,0.85)*

1.18(0.16,8.83)
9.91(2.17,45.17)%*

0.24(0.08,0.70)**

929,277.5(0,)

0.57(0.10,3.13)

0.31(0.07,1.43)

1.70(0.66,4.36)

0.96(0.35,2.64)

0.25(0.06,0.99)*
0.26(0.09,0.78)*

0.17(0.05,0.53)**

0.62(0.24,1.59)

0.82(0.54,1.24)

0.87(0.59,1.28)

1.04(0.67,1.61)

1.39(0.82,2.35)

0.67(0.49,091)*

1.82(1.23,2.69)**
4.01(2.76,5.83)***

1.20(0.89,1.60)

1.28(0.67,2.43)

1.09(0.55,2.18)

0.68(0.48,0.96)*

1.21(0.89,1.65)

0.40(0.30,0.55)***

0.09(0.05,0.14)***
0.13(0.09,0.18)***

0.71(0.53,0.95)*

0.92(0.68,1.24)

1.02(0.63,1.63)

0.92(0.58,1.46)

1.37(0.83,2.26)

1.16(0.65,2.07)

0.56(0.40,0.80)**

0.89(0.58,1.35)
0.83(0.55,1.26)

1.34(0.96,1.88)

1.55(0.72,3.33)

0.88(0.40,1.95)

0.75(0.51,1.12)

1.13(0.79,1.62)

0.24(0.16,0.36)***

0.03(0.01,0.07)***
0.04(0.02,0.06)***

1.23(0.88,1.73)

0.75,0.53,1.05)

0.87(0.25,3.01)

0.83(0.26,2.72)

1.63(0.49,5.39)

0.42(0.14,1.24)

0.78(0.32,1.90)

1.05(0.36,3.05)
1.33(0.48,3.69)

0.91(0.39,2.13)

0.51(0.11,2.48)

0.45(0.13,1.57)

0.49(0.16,1.51)

0.52(0.19,1.40)

0.10(0.01,0.80)*
0.28(0.11,0.73)**

1.10(0.47,2.57)

Note: *P<0.05; **P<0.01; ***P <0.001.“--"indicates abnormal values caused by small sample size

of being healthy, which is not consistent with many pre-
vious studies. This may be caused by that the grouping
methods of these two variables are rough due to the data
limitation, and actual frequencies or intensities of drink-
ing and smoking have not been measured in this study.
Further studies should be conducted to assess whether
and how drinking and smoking affect healthy ageing.

People who are involved in social life are more likely to
be healthy, related to the environmental factors in which
they live [42-44]. We should encourage older people to
participate more in social activities to develop a good
environment and outlook. In addition, based on previ-
ous studies, we found that there are differences between
urban and rural areas in terms of basic health status [45]
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Table 7 Subgroup Analysis by Age
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Continuing-low Continuing-middle

Continuing-middle-to-high Significantly-declining

RRR(95%Cl) P value RRR(95%Cl) Pvalue RRR(95%Cl) P value RRR(95%Cl) P value
>65years old
Urban 0.20(0.05,0.87) 0.032 0.45(0.30,0.69) <0.001 1.23(0.74,2.06) 0424 046(0.13,1.57) 0214
<65years old
Urban 0.33(0.18,0.59) <0.001 0.62(0.50,0.76) <0.001 1.07(0.83,1.37) 0.603 0.71(0.39,1.31) 0.273

Note: Adjusting factors include educational level, marital status, household per capita consumption, public health insurance coverage, current work status, chronic
condition, gave care to grandchildren, live near children, weekly contact with children, gave money to children, received money from children, alcohol intake,

smoking status, social participation, physical examination
RRR: Relative Risk Ratio; Cl: Confidence intervals

and resources that can be accessed for medical services
[46], which are the reasons for the differences in healthy
ageing between urban and rural areas.

By clarifying the differences in healthy ageing between
urban and rural areas and finding the factors that influ-
ence the differences between urban and rural areas, we
can take more effective measures to promote healthy age-
ing. To alleviate the disparity in healthy ageing between
urban and rural areas, China has established a relatively
well-developed social security system [47]. However, this
system still separates urban and rural areas and main-
tains a “dual-track” operation, and inequities remain. For
this reason, it is important to balance the urban and rural
economies, promote rural revitalization, and establish a
national social security network to maintain efficiency
and equity and alleviate the urban-rural healthy ageing
gap [48, 49]. Rural areas have low population density and
large distances between homes and services [50]. Health
care facilities are difficult to operate, and the level of
population health utilization is low. For this reason, rural
infrastructure should be well developed. Finally, the older
population should be encouraged to participate more in
social activities, and a good social atmosphere should
be formed by setting up clubs, promoting a diversity of
activities, strengthening publicity and education for the
older population in urban and rural communities.

There are some limitations of this study. First, because
our study used CHARLS data from respondents’ self-
administered questionnaires, the results of the question-
naire depend on the respondents, and respondents may
inevitably experience recall bias when filling out the
questionnaire due to subjectivity (such as “self-reported
pain” to calculate healthy ageing score), unclear recall
(such as “household per capita consumption”) and other
reasons. Second, as a retrospective study, our study
proved that the disparity of healthy ageing trajectory
exists between rural and urban areas in China, and found

some interventions to promote healthy ageing in rural
and urban areas, respectively. Nevertheless, we could not
prove more evidence about the systematic reasons and
mechanisms causing this disparity. Third, due to the limi-
tation of data, some variables could not be classified into
more detailed groups, therefore, we may not be able to
provide more accurate suggestions. More studies asso-
ciated with how to promote healthy ageing and reduce
disparity of healthy ageing trajectory between rural and
urban areas in China should be further conducted in the
future. Fourth, only respondents completed surveys at all
time points were included in our analysis, which leads to
sample loss. However, through multiple analyzing mod-
els and sensitivity analysis, our conclusion associated
with rural-urban disparity in healthy ageing is relatively
robust. Finally, the current understanding of whether
healthy ageing score, as an outcome measure, is sensitive
to change is limited. Moreover, it is difficult to interpret
the change. In the future, research should be conducted
to establish the psychometric properties of the healthy
ageing score.

Conclusion

Our study used data on middle-aged and older adults
from 2011 to 2018 to examine the impact of urban-rural
residence on the healthy ageing trajectory. We found that
the healthy ageing level showed an obviously downward
trend, and this downward trajectory differed between
urban and rural areas, with the rural populations were
more likely to develop low level of healthy ageing. Pre-
vention and standardized management of chronic dis-
eases should be enhanced, and social participation should
be encouraged to promote healthy ageing. The policy
inclination and resource investment should be enhanced
to reduce disparity in healthy ageing between urban and
rural areas in China.
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Table 8 The impact of rural/urban areas on healthy ageing score
based on random-effects model

B (95%ClI)
Residence
Urban 4.19(3.62,4.76)***
Age —040(—043,-0.37)***
Gender
Female 6.42(—7.17,-567)***

Marital status

Married 0.90(0.23,1.56)**
Urban or rural

Urban 4.19(3.62,4.76)***
Educational level

Upper secondary & vocational 445(3.56,5.35)%**

Tertiary 8.59(6.63,10.54)%**
Household per capita consumption

Low-middle 0.30(—0.19,0.79)

Middle-high —0.00(—0.50,0.49)

High —0.14(—0.64,0.36)

Public health insurance coverage

Covered —0.17(=0.95,061)
Current work status
Working 3.38(2.89,3.88)***

Chronic condition
Yes —4.10(—4.71,-3.49)***

Morbidity —9.41(—10.01,-8.80)***
Gave care to grandchildren

Yes 0.14(—0.23,051)
Live near children

Yes 1.10(0.68,1.52)***
Weekly contact with children

Yes 1.17(0.62,1.71)%**
Gave money to children

Yes 0.05(—0.31,0.40)
Received money from children
Yes —0.16(—0.54,0.23)

Smoking status

Quit now —1.78(—2.58,-0.99)***

Still —0.38(—1.12,0.36)
Alcohol intake

Drink 0.30(—0.19,0.79)
Social participation

Yes 1.54(1.18,1.90)***
Physical examination

Yes 0.41(0.06,0.76)*

Note: *P <0.05; **P <0.01; ***P <0.001

Abbreviations
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hood ratio test; LGMM: Latent growth mixture model; RRR: Relative Risk Ratio;
Cl: Confidence intervals; SD: Standard deviation.
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