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Background: Multimorbidity presents an enormous problem to societal and healthcare
utilization under the context of aging population in low- and middle-income countries
(LMICs). Currently, systematic studies on the profile of multimorbidity and its
characteristics among Chinese elderly are lacking. We described the temporal and
spatial trends in the prevalence of multimorbidity and explored chronological changes
of comorbidity patterns in a large elderly population survey.

Methods: Data were extracted from the Chinese Longitudinal Healthy Longevity Study
(CLHLS) conducted between 1998 and 2018 in a random selection of half of the counties
and city districts. All the elderly aged 65 and older were included in the survey of
eight waves. We used 13 investigated chronic diseases to measure the prevalence of
multimorbidity by means of geography, subpopulation, and chronological changes. The
patterns of multimorbidity were assessed by computing the value of relative risk (RR
indicates the likelihood of certain diseases to be associated with multimorbidity) and
the observed-to-expected ratio (O/E indicates the likelihood of the coexistence of a
multimorbidity combination).

Results: From 1998 to 2018, the prevalence of multimorbidity went from 15.60 to
30.76%, increasing in the fluctuation across the survey of eight waves (0 for treng = 0.020).
Increasing trends were observed similarly in a different gender group (0 mae = 0.009; p
female = 0.004) and age groups among female participants (p~gg = 0.009; pg1_go =
0.004; pg1_100 = 0.035; p1g1~ = 0.018). The gap in the prevalence of multimorbidity
between the north and the south was getting narrow across the survey of eight waves.
Hypertension was the highest prevalent chronic condition while diabetes was most
likely to coexist with other chronic conditions in the CLHLS survey. The most frequently
occurring clusters were hypertension and heart disease, hypertension and cataract, and
hypertension and chronic lung disease. And, the cancer, TB, and Parkinson’s disease
cluster took the domination of O/E rankings over time, which had a higher probability of
coexistence in all the multimorbidity combinations.
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Conclusions: The prevalence of multimorbidity has been increasing nationwide, and
more attention should be paid to a rapid growth in the southern part of China. It demands
the effective diagnosis and treatment adopted to the highly prevalent comorbidities, and
strategies and measures were adjusted to strongly relevant clusters.

Keywords: multimorbidity, pattern, prevalence, older adults, LMICs

HIGHLIGHTS

- Our findings indicated an increasing trend with fluctuations
in the prevalence of multimorbidity among the older Chinese
adults, as is similar to different age, sex, and region groups.

- We identified several important disease combinations,
including a highly prevalent hypertension cluster, likely to
coexist the diabetes cluster and the cancer, TB, and Parkinson’s
disease cluster.

- Our study indicated further etiological studies, the generation
of prevention strategies, and the formulation of public health
policies on the multimorbidity for LMICs.

INTRODUCTION

Multimorbidity is defined as the coexistence of more than
two chronic diseases or long-term conditions, which can
only be controlled by medications or other treatments and
should not be treated in isolation (1). Multimorbidity has
emerged as a substantial challenge to the global health system
presently and in the coming decades, in association with high
mortality (2), reducing quality of life (3), resulting in frailty
(4), and other major consequences (5, 6). A few studies showed
that there were more people with multimorbidity than those
with single disease alone in a large-scale and national cross-
sectional study (7). And, the complexities in multimorbidity
make it increasingly difficult to provide optimal care, existing
health systems are dominated by single-disease approaches in
which patients with multimorbidity are treated in a duplicative
and an isolated approach (8). Therefore, the importance of
studies on multimorbidity should be emphasized, facilitating the
implementation of comprehensive treatment.

The issue of multimorbidity is partly driven by the aging of the
global population, including having social care implications on
account of the risk of function decline and loss of independence
with older age (9). Aging is usually accompanied by chronic
disease (10), and it developed multimorbidity (11, 12) eventually.
China, as the largest middle-income country, went through a
rapid economic development as the reform and opening up
in the past 20 years. Similar to most low- and middle-income
countries (LMICs) around the world, China has witnessed an
unprecedented upward swift in life expectation and the stage
of aging population (13). The number of older people aged
between 654 and 80+ in China is expected to grow to 400 and
150 million by 2050 (14), respectively. The aging demographic
transformation resulting in a high prevalence of multiple chronic
diseases or conditions presents an enormous problem to societal
and healthcare utilization (15).

Previous evidence on multimorbidity was based on the cross-
sectional studies of sampling specific populations in various
settings, in which studies covering representative nationwide
sample size are far from adequate (16, 17). There is no
evidence on the variation trends and pattern analysis based on
a longitudinal study design in LMICs, which is conducive to
global public health actions. Our purpose was to describe the
temporal and spatial trends in the prevalence of multimorbidity
and explore chronological changes of comorbidity patterns in a
large elderly population survey.

MATERIALS AND METHODS

Sample and Data

The data of this study were derived from the eight waves of the
Chinese Longitudinal Healthy Longevity Study (CLHLS), which
is the earliest and longest social science survey in China. Briefly,
the CLHLS collected longitudinal data on the elderly aged 65,
and it was over-coordinated by the Center for Healthy Aging
and Development Studies of National School of Development
at Peking University. The surveys were started from 1998 and
followed up in 2000, 2002, 2005, 2008, 2011, 2014, and 2018,
covering about half of the counties and city districts in 23
of the 34 Chinese provinces. More details about CLHLS were
described elsewhere (18). The data include individual weighting
variables to ensure whether they are nationally representative.
For this study, there were 9,093, 11,199, 16,064, 15,638, 16,954,
9,765, and 7,192 participants included in each wave survey after
processing the missing values. The demographic characteristics
of sample respondents across the eight waves are presented in
Supplementary Table 1.

Variables

The questionnaire data provided information on demographic
factors, physiological and psychological health status, the
prevalence of chronic disease, and socioeconomic characteristics.
Face-to-face home-based interviews were conducted by the
trained staff. For this study, all participants who aged more
than 65 years were included with complete records on essential
information. The essential information consisted of age, gender,
residence, province, and chronic diseases or conditions.

As shown in Supplementary Table 2, the chronic diseases
or conditions investigated across the eight surveys included
the following 13 self-reported chronic diseases or conditions
investigated in each wave: hypertension, diabetes, heart
disease, stroke or CVD, chronic lung disease (bronchitis,
emphysema, pneumonia, and asthma), TB, cataract, glaucoma,
cancer, prostate tumor, gastric or duodenal ulcer, Parkinson’s
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disease, and bedsore. Accordingly, acute or subacute forms
of certain conditions were excluded by the CLHLS protocol.
Multimorbidity was calculated by using the criterion of >2
conditions of the 13 chronic conditions list (7). The prevalence
of single disease and multimorbidity was weighted according
to the sampling probabilities, which were based on the
age-sex-residence-specific distribution from the CLHLS study.

Statistical Analysis

We described the demographic characteristics across the eight
CLHLS survey waves to understand the whole situation of
the study population. Descriptive statistics were analyzed
and presented as medians [interquartile range (IQR)] for
non-normally distributed continuous data and frequencies
(percentage) for categorical data.

We calculated the prevalence of multimorbidity by the totality
and subpopulations across the survey of eight waves. Weight was
calculated based on the age-sex-residence-specific distribution
from the CLHLS study. In addition to weight total prevalence,
x? test, and Mann-Kendall trend test were applied to identify
the difference of multimorbidity in the subpopulation and
chronological change, respectively. To visualize the trends in the
prevalence of multimorbidity, percentage bar plot, pyramid of
multimorbidity, and the map of distribution were drawn by the
packages “ggplot2” and “plotrix.”

To explore the patterns of multimorbidity, the first step was
to find out the trends in the prevalence of singular conditions.
We computed the weighted prevalence of singular conditions
using the waves. The second step was to calculate Relative risk

(RR), which was calculated as the prevalence of certain diseases
in the multimorbidity group divided by the prevalence of certain
diseases in the non-multimorbidity group. The higher the RR
value, the higher the probability of the disease coexisting with
other diseases. The heatmap of RR of singular conditions and
of a biaxial figure was presented by the packages “plotrix” and
“pheatmap,” respectively.

The final step was to compute the observed-to-expected
(O/E) ratio defined as an indicator for assessing the correlation
between diseases or conditions, which is determined as Observed
prevalence divided by Expected prevalence. Expected prevalence
of multimorbidity combination equals the product of the
prevalence of separate diseases if these diseases are completely
independent of each other. The probability of coexistence of
chronic conditions increased with the elevation of the O/E
value. We calculated 78 dyad combinations possible given the
13 different chronic conditions considered in this study and
presented the five highest O/E multimorbidity combinations.

All the analyses were performed using Excel (version 2019)
and R (version 4.0.3). The values of p < 0.05 were considered to
be statistically significant.

RESULT
Trends in Prevalence of Multimorbidity

There is an increasing tendency with the fluctuation in the
adjusted prevalence of multimorbidity, which increased from
15.60% in 1998 to 30.76% in 2018 (p = 0.020). Figure 1 shows the
proportion of participants aged over 65 according to morbidity
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FIGURE 1 | Percentage of the elderly suffering from the various number of chronic conditions across the survey of eight waves.
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numbers. The proportion of respondents who suffered fromnone  in the subpopulation is displayed in Table 1. Similar to the total
of the 13 chronic conditions decreased from 55.05% in 1998 to  population, there was also a significant increasing trend in both
38.42% in 2018 (p = 0.004). The prevalence of multimorbidity = male (p = 0.009) and female (p = 0.004). The prevalence of

TABLE 1 | Prevalence of multimorbidity by the subpopulations across the survey of eight waves.

Wave 1998 2000 2002 2005 2008 2011 2014 2018 *P for trend
Total 1,364 (156.00) 1,494 (13.34) 2,614 (16.27) 2,708 (17.32) 2,831 (16.70) 2,200 (22.53) 1,692 (23.53) 4,636 (29.20) 0.004
Gender

Male 638 (17.53) 689 (14.81) 1,190 (17.38) 1,247 (18.65) 1,304 (17.98) 1,051 (23.90) 813 (24.52) 2,072 (29.92) 0.009
Female 726 (13.31) 805 (12.29) 1,424 (15.45) 1,461 (16.32) 1,572 (15.74) 1,149 (21.41) 879 (22.68) 2,564 (28.65) 0.004
P <0.001 <0.001 <0.001 <0.001 <0.001 0.003 0.067 0.081

Age

~80 110 (19.54) 121 (19.48) 916 (17.59) 1,091 (20.66) 961 (18.73) 880 (25.41) 746 (27.67) 1,908 (32.24) 0.063
81-90 576 (16.59) 732 (14.81) 768 (17.57) 758 (17.92) 827 (18.16) 689 (25.95) 548 (25.09) 1,403 (33.95) 0.004
91-100 496 (13.95) 469 (12.05) 627 (14.95) 595 (14.69) 695 (14.69) 455 (18.88) 302 (18.67) 990 (26.03) 0.025
101~ 182 (12.10) 172 (9.87) 303 (13.23)  2,078(12.70) 2,537 (13.72) 176 (14.23) 96 (13.83) 335 (16.60) 0.174
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Residence

City 691 (19.92) 748 (22.08) 1,034 (26.89) 1,117 (28.80) 1,075 (32.08) 663 (38.21) 403 (40.79) 1,727 (48.76) 0.003
Town - 348 (9.91) 550 (15.50) 444 (14.32) 450 (13.60) 638 (22.11) 541 (24.33) 1,308 (24.97) 0.764
Rural 673 (11.97) 398 (9.26) 1,030 (11.88) 1,147 (13.25) 1,306 (12.69) 899 (17.47) 748 (18.79) 1,601 (22.57) 0.007
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

“*Weighted 15.60 13.43 16.13 19.93 19.93 24.39 23.36 30.76 0.020
total (14.85-16.38)  (12.80-14.09) (15.56-16.72) (19.32-20.56) (19.32-20.55) (23.53-25.28) (22.37-24.39) (30.03-31.49)

-The survey conducted in 1998 did not subdivide the urban group into cities and towns.
*Mann-Kendall trend test.
**Weight was calculated based on the age-sex-residence-specific distribution from the Chinese Longitudinal Healthy Longevity Study (CLHLS) study, presented as the rate (95% ClI).

Males Year Females
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= 2101
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FIGURE 2 | Pyramid of multimorbidity by gender and age catalog.

Frontiers in Medicine | www.frontiersin.org 4 January 2022 | Volume 8 | Article 806616


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Chen et al.

Spatiotemporal Analysis of Multimorbidity

multimorbidity was relatively high in the 65-80-year-old group
across time. There was a significant rise in tendency in the 81-90-
(p = 0.004) and 91-100-year-old groups (p = 0.025). Further
subpopulation analysis of multimorbidity pyramid is illustrated
in Figure 2 and Supplementary Table 3. It can be seen that the
trend was observed to be significant in each age group among
female participants (P~80 = 0.009; pg1—90 = 0.004; pg1_100 =
0.035; p1o1~ = 0.018).

The spatial distribution of multimorbidity is shown in
Figure 3. There was an indication that Beijing has the highest
prevalence of multimorbidity in the first two survey waves
(76.99%; 32.3%), and Shanghai leads in the following six
survey waves. Its prevalence in the northeastern and north
central part was higher than the southern part in China
during 1998-2008, and the tendency became average till 2018.
Supplementary Table 4 shows the prevalence of multimorbidity
with the surveyed province across the eight waves. In the 1998
wave, 26.68% of the participants had multimorbidity in Shanghai
and the proportion rose to 79.50% in the 2018 wave, an increasing
trend was significant (p = 0.002). Similar trends were observed in
Heilongjiang (p = 0.004), Shanxi (p = 0.009), Jiangsu (p = 0.004),
Anhui (p = 0.019), Fujian (p = 0.035), Shandong (p = 0.009), and
Hunan (p = 0.009).

Trends in Prevalence of Chronic Conditions
Table 2 shows the weighted prevalence of single chronic disease
or condition among the eight waves. Hypertension being the
highest prevalence of all chronic conditions increased from
17.27% in 1998 to 44.33% in 2018. A similar increasing
trend along with the eight waves in diabetes, heart disease,

stroke or CVD, cancer, prostate tumor, and gastric or
duodenal ulcer was observed. The decreasing trend was shown
in the prevalence of the rest of conditions. For example,
the prevalence of chronic lung disease decreased with the
fluctuation from 13.73% in 1998 to 8.52% in 2018. As for
Parkinson’s disease, the highest prevalence was 1.13% in
2011 while the lowest was 0.3% in 2002 in the process of
chronological change.

Figure 4 shows the RR values of single chronic disease or
condition across the survey of eight waves. Among the 13 chronic
conditions in this study, diabetes has the highest determined RR
value. The RR of diabetes for the eight waves were 32.67, 23.01,
12.86, 17.44, 15.34, 16.50, 17.11, and 14.91, respectively, which
meant that diabetes was more than 10 times likely to coexist with
other chronic conditions. Apart from a decreasing trend of RR in
diabetes, chronic conditions like stroke or CVD increased from
8.98% in 1998 to 10.51% in 2018 with the fluctuation over the 20
years.

The chronological change of prevalence and RR for some
representative chronic conditions is displayed in Figure 5. There
is no direct relationship between the RR value and the prevalence
of the disease, judging from the inconsistency prevailing over the
20 years.

Patterns of Multimorbidity

The five most prevalent and highest O/E multimorbidity
combinations across the survey of eight waves are presented
in Table 3. Hypertension appeared in three of the top 5
multimorbidity combinations during the 1998-2002 wave, rose
to four of the top 5 multimorbidity combinations in the following

1998

2008 2011

FIGURE 3 | The distribution of prevalence in different provinces for the survey of eight waves.

2002 2005

2014 2018
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Weight was calculated based on the age-sex—residence-specific distribution from the CLHLS studly. Prevalence was presented as the rate (95% Cl).

three waves, and took up all the top multimorbidity combinations
across the last two waves. Across the survey of eight waves,
hypertension and heart disease, hypertension and cataract, and
hypertension and chronic lung disease had been in the five
most prevalent multimorbidity combinations. Hypertension and
heart disease took the leading prevalence of the multimorbidity
combinations, increasing from 2.34% in the 1998 wave to 9.82%
in the 2018 wave (p = 0.002). A similar increasing trend was
found in both the combination of hypertension and cataract and
of hypertension and chronic lung disease (p = 0.035; p = 0.019).
Chronic lung disease appeared prevalently in the first four survey
waves and was replaced by a combination of hypertension and
stroke or CVD.

As for the lists ranked by the value of O/E, cancer
had a decreasing tendency to be the main component of
the multimorbidity combinations, while bedsore, TB, and
Parkinson’s disease played an increasing role across the survey
of eight waves. The highest O/E ratios of the multimorbidity
combination in the 1998 wave were cancer and bedsore (19.43),
and descended to 12.05 in 2000, 7.09 in 2005, 6.42 in 2011, and
9.31 in 2014. Cancer and Parkinson’s disease took the leading
O/E ratio in the period of 2000, 2002, and 2005 waves, the
value of which were 18.64, 6.77, and 8.70, respectively. Of the
survey of eight waves, TB and cancer went from 14.57 to 5.8, and
increased to the highest O/E ratio (10.37) of all the combinations
in 2008, remaining at 10.11 after the fluctuation in 2011. TB and
bedsore had the highest O/E ratio in 2011 (6.96) and 2018 (11.73),
respectively. The top O/E ratio of combinations in the 2014 wave
was the Parkinson’s disease cluster (16.11).

DISCUSSION

Based on the CLHLS survey data, this large-scale, national
representative  study  provided unique spatiotemporal
characteristics of the prevalence and pattern of multimorbidity
among the older population in a temporal and spatial
distribution. The results indicated that there is an increasing
trend in the prevalence of multimorbidity among Chinese elderly
from 1998 to 2018. Besides, multimorbidity was more prevalent
in the northern than that in the southern part, and the gap
became narrowing over time.

The prevalence of multimorbidity estimated in this study
was 30.76% in the 2018 survey wave, which was relatively low
compared with current researches. A recent study based on the
2011-2015 CHARLS data included 19,841 participants aged at
least 50 years, and the prevalence of multimorbidity was 42.4%
(16). In recent studies, 22.3-68.9% among the elderly reported
had multimorbidity worldwide (13, 17, 19-21). We found
huge differences from previous findings about the estimated
prevalence of multimorbidity varying substantially, on account
of the differences in study design, eligible diseases included, and
various analytical methods (22). Existing studies assessing the
distribution of the prevalence or pattern of multimorbidity in
China are either frequently based on restricted population with
limited data sources [geographic region (23, 24), administrative
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Cataract

Glaucoma

Cancer

Prostate tumor

Gastric or duodenal ulcer

Parkinson's disease

Bedsore

2011 2014

region (15, 25), and hospital admission (26, 27)], or referred to a
cross-sectional study (28).

A chronological change of the prevalence of multimorbidity
was observed to be consistent with several studies based on
older population. An increasing trend of the prevalence of
multimorbidity was observed in most European countries (29).
Another longitudinal study including 6,593 older participants
in Beijing (30) estimated the prevalence of multimorbidity
following an upward trend over time. Also, the prevalence of
multimorbidity across gender, age, and region-based categories
was confirmed in our study. The reasons accounting for
a chronological change might be associated with the long-
standing disease burden corresponding to a rapid economic
development as the public had access to medical resources
and raised health awareness (31). The current status of high
prevalence in multimorbidity among the elderly was mostly
caused by the declining mortality rates of noncommunicable
diseases combined with the evaluated life expectancy (32). A
more interesting finding in this study was that single-disease
prevalence had increased slightly, thus significantly rose the
trend of multimorbidity. The results implied the improvement
of diagnosis and treatment practices over time more than
the rising global disease burden (33). Compared to the study
conducted in Canada, a significant increase in the prevalence
of multimorbidity attributed to obesity was identified (34).

And, the pooled analysis of individuals from the US and
European cohort showed the association between body mass
index (BMI) and the risk of cardiometabolic multimorbidity
(35). The rising trend could have an explanation by a rapid
economic development over the past 20 years in China. It
not only boosted the medical resource allocated to prolong
life span, but also resulted in the great changes in health-
related life styles of the public diet or other unhealthy
behaviors. Our results set an alert to LMICs around the world,
where government should account for more complex care
needs and rising costs concerning multimorbidity among older
adults.

The results indicated a significant geographic variability in the
prevalence of multimorbidity over the 20 years. And, Shanghai
took the leading prevalence of multimorbidity from 2002 to
2018 survey waves, showing an upward tendency significantly.
Recent studies conducted in Shanghai reported the prevalence
of multimorbidity, which were 49.2% in 2013 (36) and 74.3%
in 2018 (37), respectively. Along with Beijing, the prevalence
of multimorbidity in Shanghai represents the comprehensive
utilization of healthcare and its increasing prevalence among
the older population around the world (38, 39). Our results
demonstrated that the majority of the surveyed provinces had
an increasing trend across the eight waves. A sex-specific age-
period-cohort study conducted in Hongkong showed (40) that
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FIGURE 5 | Weighted prevalence and RR of single chronic condition for the survey of eight waves.
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there was an upward inflection of the risk of increased morbidity
burden. As it is shown, the disparity between the north and the
south became narrow over time (24, 41, 42). It urges the need to
find out the mechanism how geographic characteristics impact
on the progression of multimorbidity among the elderly. This is
not only conducive to the etiologic research and clinical practice
within local communities but also facilitates the policymakers of
public health to allocate medical resources rationally (43).

Our study found that hypertension is relatively less likely
to coexist with other chronic conditions or diseases. The risk
ratios of hypertension were the lowest in all the diseases
investigated, with a tendency decreasing from 5.6 to 3.25
over the 20 years. Moreover, hardly did hypertension appear
in the five highest O/E value multimorbidity combinations
across time. Even though the most common multimorbidity
combinations incorporated a hypertension combination cluster,
the prevalence of each disease (heart disease, cataract, and
chronic lung disease) was more than 10% over time. The reason
might be that a high prevalence of single disease contributes
to the frequent occurrence of corresponding multimorbidity
combinations, which was consistent with previous studies (17,
44). The trend in the prevalence of hypertension was in
agreement with the current evidence, a study on hypertension
among the oldest also reported that the prevalence had gradually

increased over time (45), even though the awareness, treatment,
and control rates of hypertension had made an impressive
progress (46, 47). The prevalence of hypertension among the
elderly was high in the reduced elasticity of large arteries, long-
term build-up of plaque, and increased incidence of cardiac and
vascular disease (48). Some studies suggested hormonal changes
accounted for the result (49). There is an urgent importance
to take measures to reducing hypertension to decrease the
prevalence of corresponding morbidity combination.

Even though the prevalence of diabetes was relatively low
compared with other surveyed diseases, diabetes was more likely
to coexist with other diseases (the value of RR remained high over
time). There is an indication of the gap between a high prevalence
and the possibility of coexistence with other diseases (50,
51). A study identified diabetes-multimorbidity combinations
among the older adults (52), adding to the understanding
of an intact relationship between diabetes and other diseases.
Another study comprising UK and Taiwan community cohorts
identified the association between multimorbidity, T2D, and
mortality (53). These results were in line with the current
studies. And there might be some explanations accounting for the
associations: the elderly with diabetes received regular or better
quality of care and health service, resulting in more chances
of the early diagnosis of other diseases (54). In addition to
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TABLE 3 | Prevalence and observed-to-expected ratio (O/E) of the five most common and prevalent multimorbidity combinations for the survey of eight waves.

Wave Morbidity dyads? Prevalence Prevalence O/Eratio Morbidity dyads® Prevalence Prevalence O/E ratio
in all in MCC in all in MCC
1998 Hypertension + Cataract” 3.15 20.97 1.31 Cancer + Bedsore 0.09 0.59 19.43
Chronic lung disease + Cataract 3.09 20.60 1.33 Tuberculosis + Cancer 0.07 0.44 14.57
Heart disease + Cataract 2.79 18.62 2.05 Cancer + Parkinson’s disease 0.07 0.44 13.22
Hypertension + Heart disease® 2.34 156.62 2.49 Tuberculosis + Bedsore 0.08 0.51 10.46
Hypertension + Chronic lung disease* 1.86 12.39 1.16 Glaucoma + Cancer 0.12 0.81 9.56
2000 Hypertension + Heart disease* 2.55 19.14 2.45 Cancer + Parkinson’s disease 0.03 0.20 18.64
Hypertension + Cataract* 2.39 17.94 1.34 Cancer + Bedsore 0.03 0.20 12.05
Chronic lung disease + Cataract 1.88 1412 1.31 Tuberculosis + Cancer 0.02 0.13 8.03
Heart disease + Cataract 1.86 13.92 1.93 Cancer + Prostate tumor 0.05 0.40 7.01
Hypertension + Chronic lung disease* 1.67 12.562 1.07 Glaucoma + Cancer 0.04 0.33 6.17
2002 Hypertension + Heart disease* 3.58 22.00 2.66 Cancer + Parkinson’s disease 0.01 0.08 6.77
Hypertension + Cataract* 2.49 15.30 1.37 Tuberculosis + Cancer 0.02 0.11 5.98
Hypertension + Chronic lung disease* 2.30 1415 1.17 Cancer + Prostate tumor 0.04 0.27 5.08
Chronic lung disease + Cataract 2.27 13.96 1.46 Gastric or Duodenal ulcer + 0.11 0.65 4.60
Parkinson’s disease
Heart disease + Cataract 1.93 11.86 1.82 Parkinson’s disease + Bedsore 0.02 0.11 4.46
2005 Hypertension + Heart disease® 4.16 24.04 2.58 Cancer + Parkinson’s disease 0.02 0.11 8.70
Hypertension + Cataract* 3.10 17.91 1.42 Parkinson’s disease + Bedsore 0.03 0.18 8.06
Hypertension + Chronic lung disease* 2.68 15.47 1.25 Tuberculosis + Cancer 0.03 0.15 7.57
Hypertension + Stroke or CVD 2.45 14.14 2.50 Cancer + Bedsore 0.03 0.15 7.09
Chronic lung disease + Cataract 2.23 12.89 1.565 Tuberculosis + Bedsore 0.04 0.22 6.31
2008 Hypertension + Heart disease” 4.00 23.95 2.34 Tuberculosis + Cancer 0.08 0.18 10.37
Hypertension + Cataract* 2.71 16.25 1.28 Parkinson’s disease + Bedsore 0.02 0.1 6.36
Hypertension + Stroke or CVD 2.39 14.31 2.07 Tuberculosis + Bedsore 0.02 0.1 5.02
Hypertension + Chronic lung disease* 2.21 13.21 1.10 Cataract + Glaucoma 0.91 5.44 4.02
Heart disease + Cataract 1.79 10.74 1.83 Tuberculosis + Prostate tumor 0.09 0.53 3.93
2011 Hypertension + Heart disease* 6.41 28.45 1.89 Tuberculosis + Bedsore 0.04 0.18 6.96
Hypertension + Cataract* 4.36 19.36 1.31 Tuberculosis + Cancer 0.06 0.27 6.92
Hypertension + Stroke or CVD 414 18.36 1.78 Cancer + Bedsore 0.03 0.14 6.42
Hypertension + Chronic lung disease* 3.90 17.32 1.19 Cancer + Parkinson’s disease 0.04 0.18 6.27
Heart disease + Chronic lung disease 2.68 11.91 1.92 Glaucoma + Parkinson’s disease 0.07 0.32 5.88
2014 Hypertension + Heart disease” 6.83 29.02 1.77 Parkinson’s disease + Bedsore 0.06 0.24 16.11
Hypertension + Stroke or CVD 4.76 20.21 1.81 Tuberculosis + Bedsore 0.03 0.12 10.82
Hypertension + Cataract* 4.46 18.97 1.28 Tuberculosis + Cancer 0.04 0.18 10.11
Hypertension + Chronic lung disease* 4.07 17.32 1.20 Cancer + Parkinson’s disease 0.06 0.24 10.08
Hypertension + Diabetes 3.31 14.07 2.00 Cancer + Bedsore 0.05 0.18 9.31
2018 Hypertension + Heart disease® 9.82 33.63 1.56 Tuberculosis + Bedsore 0.04 0.13 11.73
Hypertension + Cataract* 6.60 22.61 1.30 Parkinson’s disease + Bedsore 0.04 0.13 11.06
Hypertension + Diabetes 6.55 22.43 1.85 Tuberculosis + Parkinson’s disease 0.04 0.15 7.79
Hypertension + Stroke or CVD 6.43 22.02 1.57 Glaucoma + Cancer 0.16 0.54 6.77
Hypertension + Chronic lung disease* 3.96 13.55 1.02 Glaucoma + Parkinson’s disease 0.09 0.30 6.32

aThe five most frequently occurring multimorbidity combinations.
bThe five highest O/E multimorbidity combinations.

*p-trends for “hypertension + heart disease,” “hypertension + cataract,” and “hypertension + chronical lung disease” were 0.002, 0.035, and 0.019, respectively.

MCC, multiple chronic condition.

higher utilization, survival bias might also play an important
role in the longitudinal investigation assessment, and hence
achieving a higher coexistence with multimorbidity. Moreover,
the association between depression and diabetes was significantly
proven in current studies (55, 56), better knowledge of the

pathogen mechanisms needing to identify allows a more effective
tailored care.

Besides, the RR for cancer, bedsore, TB, and Parkinson’s
disease was also relatively high and in accordance with the
frequent occurrences in the top 5 multimorbidity combination
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ranked by O/E over time. Previous studies showed that in
elderly adults the common multimorbidity patterns contain:
the vascular-metabolic cluster, the stomach-arthritis cluster,
the cognitive-emotional cluster, and the hepatorenal cluster,
varying by gender and residential regions (16, 57). While our
study found out that the patterns of cancer and Parkinson’s
disease, cancer and TB, and TB and bedsore were the frequent
binary multimorbidity combinations over time. These clusters
may share the common risk factors, like poverty or other
socioeconomic status. The gap was derived from the difference
of disease lists, regions, and analytical methods. Mapping these
clusters using the longitudinal data could help to identify
many more links between diseases or conditions, which is
crucial to uncover new mechanisms for diseases, to develop
treatments, and to reconfigure services to better meet the patient’s
need (58). These results indicate further etiological study, the
generation of prevention strategies, and the formulation of public
health policies.

To the best of our knowledge, this is the first study to
describe the temporal and spatial trends in the prevalence
of multimorbidity and to explore chronological changes of
comorbidity patterns in a large, representative, older population
survey in China. However, our study had several limitations.
Firstly, CLHLS covered 23 provinces of China over the 20 years
and represented the elderly well in China, but the data for the
unselected provinces were lacking. Even though we analyzed the
prevalence by weighting to account for the complex, multistage
design of the study, and non-response in the data, the global
representativeness and generalizability of the results are limited.
Secondly, the CLHLS questionnaire did not investigate all the
chronic diseases or conditions typically included in clinical
database studies, and only 13 chronic diseases or conditions
were included in the analysis to show the chronological trend of
multimorbidity as long as possible. Lastly, data in this study was
investigated based on self-reporting. Although the quality of data
was ensured with an elaborate design and considerate control, it
could cause unavoidable information bias and the overestimated
prevalence due to the increasing diagnosis and awareness. We
expect further studies including a wider range of chronic diseases
and robust measures of psychological and physical disorders, and
make advances in data science helping to uncover the linkages
and correlations among the clusters to capture multimorbidity
across the health system.

CONCLUSION

Our findings indicated that high attention should be paid
to the longstanding issue of multimorbidity among the
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