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Abstract

Objective: To develop and validate an index to quantify the multimorbidity burden in Chinese middle-aged and older
community-dwelling individuals.
Methods: We included 20,035 individuals aged 45 and older from the China Health and Retirement Longitudinal Study
(CHARLS) and 19,297 individuals aged 65 and older from the Chinese Longitudinal Healthy Longevity Survey (CLHLS).
Health outcomes of physical functioning (PF), basic and instrumental activities of daily living (ADL and IADL) and mortality
were obtained. Based on self-reported disease status, we calculated five commonly used western multimorbidity indexes for
CHARLS baseline participants. The one that predicted the health outcomes the best was selected and then modified through
a linear mixed model using the repeated individual data in CHARLS. The performance of the modified index was internally
and externally evaluated with CHARLS and CLHLS data.
Results: The multimorbidity-weighted index (MWI) performed the best among the five indexes. In the modified Chinese
multimorbidity-weighted index (CMWI), the weights of the diseases varied greatly (range 0.2–5.1). The top three diseases
with the highest impact were stroke, memory-related diseases and cancer, corresponding to weights of 5.1, 4.3 and 3.4,
respectively. Compared with the MWI, the CMWI showed better model fits for PF and IADL with larger R2 and smaller
Akaike information criterion, and comparable prediction performances for ADL, IADL and mortality (e.g. the same predictive
accuracy of 0.80 for ADL disability).
Conclusion: The CMWI is an adequate index to quantify the multimorbidity burden for Chinese middle-aged and older
community-dwelling individuals. It can be directly computed via disease status examined in regular community health
check-ups to facilitate health management.
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Key Points

• The multimorbidity-weighted index (MWI) performed the best in measuring multimorbidity burden for Chinese among
five commonly used western multimorbidity indexes.

• The Chinese multimorbidity-weighted index (CMWI) was modified from the MWI with the weights of chronic disease
tailored to Chinese middle-aged and older community-dwelling individuals.

• The CMWI performed better than or comparably with the MWI when quantifying the multimorbidity burden for middle-
aged and older Chinese.

D
ow

nloaded from
 https://academ

ic.oup.com
/ageing/article/51/2/afab274/6535928 by guest on 15 July 2025

https://doi.org/10.1093/ageing/afab274


W.-H. Hu et al.

Introduction

Alongside rapid population ageing, multimorbidity, i.e. mul-
tiple, concurrent morbid conditions, is becoming a major
public health concern. It has been considered as a norm but
not an exception in most high-income countries [1], and
also is becoming increasingly prevalent in low- and middle-
income countries [2]. Therapeutic advances in chronic dis-
ease treatment further promote the increases in prevalence of
multimorbidity, especially among older adults [3]. Research
on multimorbidity has received extensive attention inter-
nationally. There is considerable evidence that multimor-
bidity affects functional status or health-related quality of
life (HRQL) [4, 5], activities of daily living (ADL) and
instrumental activities of daily living (IADL) [6], health
resource utilization [7], mortality [8], and so on. Hence,
multimorbidity not only affects quality of life, but can
also bring with it a heavy social and economic burden for
individuals, families and society as a whole.

Accumulating methodological research on multimor-
bidity measures reveals five indexes most used to quantify
the burden of multimorbidity [9, 10]. A simple disease
count (Count) counts all chronic diseases or conditions an
individual may have without weighting [11]. The Charlson
comorbidity index (CCI) includes 19 chronic conditions
weighted 1, 2, 4 or 6 based on their associations with
1 year mortality, developed in 559 hospitalized patients
[12]. It was widely used to predict mortality mainly in
hospital settings. The Elixhauser comorbidity index (ECI)
includes 30 conditions associated with inpatient mortality,
cost and length of stay based on a sample size of >1 million
hospitalized patients [13]. The health-related quality of
life comorbidity index (HRQL-CI) weights 20 medical
conditions based on their association with the short form-12
(SF-12) physical component summary, and it has been
proved to outperform the CCI in explaining physical
functioning (PF), but has not been widely used [14].
Moreover, the SF-12 cannot provide as much information
as the SF-36 [15]. A multimorbidity-weighted index (MWI)
was then developed from three population-based prospective
cohorts by summing the weightings of 98 chronic diseases on
SF-36 PF scores [16]. It has been applied to predict physical
or mental health and mortality of communities [17], with
good model performances in comparison with the previously
mentioned indexes [18].

Having originated from western populations, few studies
have applied these multimorbidity indexes to the Chinese
population. A handful of studies only applied the CCI [19,
20] or ECI [21, 22] to small hospitalized samples and most
were based on retrospective cohorts. There is as yet no study
on the latest developed indexes, such as the HRQL-CI or
MWI, in the Chinese population. Moreover, previous studies
directly applied these western population-based indexes to
the Chinese population without disease weight modification,
and the validity of these indexes is unknown. For example,
conflicting findings have been reported in studies when com-
paring the validity of the CCI and ECI to predict in-hospital

mortality in Chinese patients [21, 23]. Given the multimor-
bidity prevalence of 51.6% and 81.3% in the middle-aged
and in the older groups, respectively [24], and an upward
trend over time in China [25], it is imperative to identify
or develop a multimorbidity index that best quantifies the
multimorbidity burden tailored for the Chinese population.

Our study aimed to develop and validate a multimorbid-
ity index for Chinese middle-aged and older community-
dwelling individuals. By comparing the model performance
of the five commonly used multimorbidity indexes in ageing
cohorts representative of the Chinese population against
several health outcomes (PF, ADL, IADL and mortality), the
index with the best model fit would be selected and modi-
fied to measure the multimorbidity burden of the Chinese
middle-aged and older population.

Methods

Study sample

The study population were obtained from two nationwide
prospective cohort studies, i.e. the China health and retire-
ment longitudinal study (CHARLS) [26] and the Chinese
longitudinal healthy longevity survey (CLHLS) [27], where
the former focuses on middle-aged and older people (i.e.
aged ≥45) while the latter includes people aged ≥65. Both
studies applied a household survey to collect the high-quality
micro-data representing the Chinese community-dwelling
individuals, covering a wide range of information on demo-
graphic characteristics, socioeconomic status, chronic dis-
ease, physical function, healthcare, insurance, etc. In terms
of sampling method, CHARLS adopts a multi-stage and ran-
dom probability sample with probability proportional to size
[28], while CLHLS adopts a multi-stage disproportionate
target random sampling method [29], and both sampling
methods show good representativeness. The baseline surveys
were conducted in 2011 for CHARLS and in 1998 for
CLHLS, and they were followed up every 2–3 years. Consid-
ering that information on several diseases (e.g. rheumatism)
has only been collected since 2011 in CLHLS, we used the
CHARLS data of all waves (i.e. 2011, 2013, 2015 and 2018)
as well as the CLHLS data of the 2011, 2014 and 2018 waves
for analysis. We included participants who both reported the
status (presence or absence) of physician-diagnosed chronic
diseases and answered the items responding to PF, ADL and
IADL in the same year.

Chronic disease assessment

Physician-diagnosed diseases were assessed during each wave
of both studies. Participants were asked questions such as
‘Have you been diagnosed with ... by a doctor?’ We con-
sidered the 16 most common or important chronic dis-
eases, investigated in the CHARLS questionnaire with a
binary response of presence or absence, as targeted diseases
for calculation of multimorbidity indexes [30]. These are
hypertension, dyslipidaemia (e.g. elevation of total choles-
terol), diabetes or high blood sugar, cancer or malignant
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tumour (excluding mild skin cancers), chronic lung diseases
(e.g. chronic bronchitis, emphysema, excluding tumours or
cancer), liver disease (except fatty liver, tumours and can-
cer), heart disease (e.g. coronary heart disease, angina or
congestive heart failure), stroke, kidney disease (excluding
tumours or cancer), stomach or other digestive diseases
(except for tumour or cancer), emotional, nervous or psychi-
atric problems, memory-related diseases (defined as diseases
related to memory in this study, e.g. dementia, brain atrophy
and Parkinson’s disease), arthritis or rheumatism, asthma,
prostate diseases and glaucoma. Diseases with a positive
association with PF were excluded in the development of the
final modified index.

Outcome variables

We considered four health-related outcome variables,
namely PF, ADL, IADL and mortality, to measure the
multimorbidity burden. PF, a particularly effective indicator
evaluating the functional status of physical activities, was
assessed by seven items resembling the PF scale of SF-36
[31]. As CLHLS did not provide enough items for PF,
this outcome was only considered for CHARLS data. The
ADL [32] and IADL [33], evaluating the status of basic
and instrumental activities of daily living, respectively, were
assessed as binary indicators. If there were any difficulties
in one or more activities, the participant was defined as
having ADL or IADL disability [34]. Mortality, the most
severe health outcome for an individual, was collected
in both cohorts. We calculated survival time for baseline
participants. As the exact time of death was not reported
in CHARLS, the survival time for participants who died
during follow-up was measured as the difference between
the baseline year and the median year of the last two
waves. Details for the treatment of missing data in the
status of chronic diseases and outcome variables are given
in Supplementary Text I available at Age and Ageing online.

Statistical methodology

First, we calculated the five multimorbidity indexes (i.e.
MWI, CCI, ECI, HRQL-CI and Count) for each eligible
baseline participant in the 2011 wave who were followed up
to the 2018 wave in CHARLS, based on the reporting of
disease status and the corresponding weights given by the
indexes. We compared the distributions of the five indexes
in CHARLS baseline participants and measured the Pearson
correlation coefficient between each pair of indexes (Supple-
mentary Table 1 available at Age and Ageing online). Each of
the indexes was further used as the predictor to estimate the
four health outcomes (i.e. PF, ADL, IADL and mortality)
in the 2018 wave of CHARLS. Linear models were used for
PF, and the model performance was assessed by the Akaike
information criterion (AIC) and R2; binary outcomes of
ADL and IADL were fit by logistic models, with the AIC
and accuracy to evaluate the model fitting [35]; and Cox
proportional hazard models were adopted for mortality, with
the AIC and C-statistics to assess the performance [17]. The
index with the best model fit for Chinese middle-aged and
older adults was selected for the subsequent modification.

As results from the above analysis showed that the
MWI had the best model fit, we developed a Chinese-
MWI (CMWI) with the outcome variable PF and the 16
candidate chronic diseases considered as predictors. For
the development of the CMWI with CHARLS data, we
adopted a linear mixed model with all study waves of data,
including the repeated measures of PF and the disease status
of each participant in each wave, in order to better estimate
the weights of each disease in the multimorbidity burden
[36]. After adjusting for age, sex and other chronic diseases,
we quantified the impact of each chronic disease on PF
with the corresponding regression coefficient, the absolute
value of which was denoted as the weight of the disease.
Subsequently, the CMWI was constructed by summing up
the weights of the diseases, which were reported as presence
per individual (Supplementary Text II available at Age and
Ageing online). In addition, as studies found that chronic
disease may affect patients differently with age [37], we also
developed a linear mixed model by adding the age–disease
interaction term as a covariate. The corresponding index was
denoted as the interaction-CMWI.

Furthermore, the predictive performance of the CMWI
and interaction-CMWI were validated, and compared with
that of the MWI, using CHARLS as internal and CLHLS as
external data, for the four health outcomes. In comparison
of the performances of the multimorbidity indexes, we used
only the disease status on baseline as the predictor, to assess
the prediction ability of the indexes on the four health
outcomes (i.e. PF, ADL, IADL and mortality) in the 2018
wave. All statistical analyses were conducted using R, version
4.0.5.

Results

Participant characteristics

A total of 89,733 observations from 39,332 participants who
met the inclusion criteria were included in the study, com-
prising 62,750 observations from 20,035 participants in four
waves of CHARLS and 26,983 observations from 19,297
participants in three waves of CLHLS. Fourteen diseases
were included in the final analysis and they varied widely
in prevalence (range 1.7–38.2%). The top three prevalent
diseases were arthritis (38.2%), hypertension (32.2%) and
digestive disease (27.3%), while the disease with the lowest
prevalence was cancer (1.7%). Participants in the baseline
survey of CHARLS had an average age of 59.6 (standard
deviation, 9.8) years, and 51.1% were female, while those in
CLHLS were on average 26 years older, with an average age
of 85.6 (standard deviation, 11.1), and 54.4% were female.
Description of the four health outcomes and characteristics
of baseline participants and those who were followed up to
the 2018 wave are shown in Table 1.

Comparison of the five commonly used indexes

For the health outcome prediction, the MWI had the best
model fit, with the highest R2 (=0.25) for PF and the smallest
AIC for ADL (=12,073) and IADL (=14,594). However,
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Table 1. Characteristics of baseline participants in CHARLS and CLHLS, China, 2011 and 2018

Characteristics CHARLS CLHLS

2011 2018 2011 2018
(n = 16,569) (n = 12,798) (n = 8,310) (n = 2,286)
No. % No. % No. % No. %

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age, yearsb 59.6 (9.8) 65.4 (8.9) 85.6 (11.1) 84.7 (9.1)
Sex, female 8,458 51.1 6,703 52.4 4,521 54.4 1,167 51.1
PF scoreb 48.64 (9.9) 46.00 (11.3) N/Aa N/Aa

ADL disability 2,765 16.7 2,862 22.4 2,081 25.0 473 20.7
IADL disability 3,556 21.5 4,517 35.3 4,553 54.8 1,166 51.0
Deathc N/Aa 1,690 N/Aa 2,153

Abbreviations: ADL, activities of daily living; CHARLS, the China Health And Retirement Longitudinal Study; CLHLS, the Chinese Longitudinal Healthy
Longevity Survey; IADL, instrumental activities of daily living; N/A, not applicable or not available; PF, physical functioning. aInformation about PF in CLHLS
participants and death in all baseline participants was not available. PF was not considered in CLHLS because only four of 10 items about PF were asked. There
were no deaths in the baseline survey. bValues for age and PF score are expressed as mean (standard deviation). cNumber of baseline participants who died during
the wave from 2011 to 2018.

Table 2. Performance of five commonly used multimorbidity indexes in CHARLS, China, 2011–2018

Multimorbidity index PF ADL disability IADL disability Mortality

AIC R2 AIC Accuracy AIC Accuracy AIC C -statistic
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
MWI 94,566 0.25 12,073 0.78 14,594 0.71 28,052 0.78
CCI 95,066 0.22 12,352 0.78 14,771 0.70 28,024 0.78
HRQL-CI 94,652 0.25 12,077 0.78 14,642 0.70 28,081 0.78
ECI 95,022 0.23 12,336 0.78 14,752 0.70 28,046 0.78
Count 95,066 0.22 12,077 0.78 14,687 0.70 28,068 0.78

Abbreviations: ADL, activities of daily living; AIC, Akaike information criterion; CCI, Charlson comorbidity index; Count, simple disease count; C-statistic, the
concordance statistic; ECI, Elixhauser comorbidity index; HRQL-CI, health-related quality of life comorbidity index; IADL, instrumental activities of daily living;
MWI, multimorbidity-weighted index; PF, physical functioning; R2, the adjusted coefficient of determination.

for mortality, the CCI and ECI showed a slightly better fit
than the MWI, with a lower AIC (Table 2). In addition,
indicators for predictive performance were similar among
the five indexes: the identical predictive accuracy (=0.78)
for ADL disability, comparative predictive accuracy (0.71
for MWI and 0.70 for others) for IADL disability and
the identical C-statistic (=0.78) for mortality. According to
the distributions of the five indexes in CHARLS baseline
participants (Figure 1), the MWI showed the widest range
(0–27) and a two-peak distribution (one lying in the zero
and the other in four), capturing both the high and low
extremes of multimorbidity and better differentiating the
multimorbidity burden. The five multimorbidity indexes
correlated significantly with each other, with the Pearson
correlation coefficients ranging from 0.73 to 0.94 (Sup-
plementary Table 1 available at Age and Ageing online).
Accordingly, the MWI showed the best performance to assess
the multimorbidity burden, and thus was selected for the
subsequent modification for the Chinese data.

Development of CMWI

Among the 16 types of chronic diseases investigated in
CHARLS, glaucoma and prostate disease were excluded in
development of the final index because of their positive
association with PF. The 14 chronic diseases included were

associated with reduction on PF score. However, different
diseases showed various impacts on PF, with regression coef-
ficients ranged from −5.1 to −0.2 (Table 3). The top three
diseases with the greatest adverse impact on PF were stroke
(= − 5.1), memory-related diseases (=− 4.3) and cancer
(= − 3.4). However, these three diseases had different orders
regarding their impact on PF in the MWI, with stroke
having a lower impact than memory-related diseases. The
distribution of the CMWI was similar as that of the MWI
in CHARLS baseline participants, ranging from 0 to 20.5,
with one peak lying in the zero score and the other in two
(Figure 1).

Validation of CMWI

Generally, the MWI, CMWI and interaction-CMWI
showed similar performance for prediction of multimorbidity-
related health outcomes, as the accuracies of model
prediction of the three indexes on ADL and IADL, as well as
the C -statistics on mortality were the same in both internal
(with CHARLS data) and external (with CLHLS data)
validation (Table 4). The identical predictive accuracy for
ADL and IADL, and the C -statistic for mortality were 0.78,
0.71 and 0.78, respectively, for internal validation; while
these numbers were 0.80, 0.73 and 0.77, respectively, for
external validation. Furthermore, except for the model fitting
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Figure 1. Distribution of the five commonly used multimorbidity indexes and the developed Chinese multimorbidity-weighted
index for baseline participants from the CHARLS (2011, n = 16,569)

on mortality in CLHLS data and that on ADL in CHARLS
data, the CMWI had the smallest AIC of all other model
fits, suggesting a better performance of CMWI compared
with the bMWI and interaction-CMWI.

Discussion

Our study found that the MWI performed the best in
quantifying the multimorbidity burden of Chinese patients

among the five commonly used indexes. Based on the MWI,
the modified CMWI with the disease weights tailored to
Chinese middle-aged and older community-dwelling indi-
viduals showed a better or comparable model performance
in predicting several health outcomes.

We found that the MWI had the widest distribution
and was the best measure of multimorbidity burden for
Chinese community-dwelling individuals among the five
commonly used indexes. It is consistent with the results
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Table 3. The development of the CWMI using 14 chronic diseases with SF-36 PF as outcome in CHARLSa, China,
2011–2018
Chronic disease No. Percentage (%)b Coefficientc SE P valued

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Stroke 2,975 4.5 -5.1 0.170 <0.001
Memory-related disease (e.g. dementia, brain atrophy, Parkinson’s

disease)
1,936 2.9 -4.3 0.210 <0.001

Cancer or malignant tumour (excluding minor skin cancers) 1,118 1.7 -3.4 0.270 <0.001
Asthma 3,620 5.5 -2.4 0.190 <0.001
Arthritis or rheumatism 25,255 38.2 -2.2 0.090 <0.001
Emotional, nervous, or psychiatric problems 1,315 2.0 -2.1 0.260 <0.001
Heart disease (e.g. coronary heart disease, angina, congestive heart

failure)
10,965 16.6 -1.7 0.110 <0.001

Chronic lung diseases (e.g. chronic bronchitis, emphysema,
excluding tumours or cancer)

8,614 13.0 -1.6 0.120 <0.001

Hypertension 21,291 32.2 -1.3 0.090 <0.001
Kidney disease (except for tumour or cancer) 5,608 8.5 -1.1 0.140 <0.001
Diabetes or high blood sugar 6,295 9.5 -1.0 0.130 <0.001
Stomach or other digestive disease (except for tumour or cancer) 18,053 27.3 -0.7 0.090 <0.001
Dyslipidaemia (e.g. elevation of total cholesterol) 10,912 16.5 -0.2 0.100 0.020
Liver disease (except fatty liver, tumours, and cancer) 3,742 5.7 -0.2 0.160 0.200

Abbreviations: CHARLS, the China Health and Retirement Longitudinal Study; SF-36 PF, the physical functioning scale in the 36-item short form survey; SE,
standard error. aThese analyses were based on a total of 62,750 observations gathered in CHARLS from waves 2011 to 2018. bPercentage of the disease was calculated
by the number of observations presenting the disease divided by the number of all observations. cRegression coefficients of PF scores were adjusted for age, sex and
all other chronic diseases. dThe significance level was set at a P-value <0.05.

Table 4. Comparisons of the MWI, CMWI and interaction-CMWI on model fits in CHARLS and CLHLS, China,
2011–2018
Multimorbidity index PF ADL disability IADL disability Mortality

AIC R2 AIC Accuracy AIC Accuracy AIC C-statistic
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
CHARLS

MWI 94,566 0.25 12,073 0.78 14,594 0.71 28,052 0.78
CMWI 94,510 0.26 12,161 0.78 14,565 0.71 28,038 0.78
interaction-CMWI 94,517 0.26 12,089 0.78 14,586 0.71 28,047 0.78

CLHLS
MWI N/Aa 2,030 0.80 2,524 0.73 58,433 0.77
CMWI N/Aa 2,029 0.80 2,524 0.73 58,434 0.77
interaction-CMWI N/Aa 2,029 0.80 2,525 0.73 53,976 0.77

Abbreviations: ADL, activities of daily living; AIC, Akaike information criterion; CHARLS, the China Health And Retirement Longitudinal Study; CLHLS,
the Chinese Longitudinal Healthy Longevity Survey; CMWI, Chinese multimorbidity-weighted index; C -statistic, the concordance statistic; IADL, instrumental
activities of daily living; interaction-CMWI, Chinese multimorbidity-weighted index calculated with age–disease interaction considered; MWI, multimorbidity-
weighted index; N/A, not applicable or not available.; PF, physical functioning; R2, the adjusted coefficient of determination. aPF was not considered in CLHLS as
it did not provide enough items for PF assessment.

of Wei et al. [18], who also found that the ICD-coded
MWI performed best in predicting PF and mortality. In
addition, our study extended their finding by including two
extra physical function measures (i.e. ADL and IADL). For
health outcomes associated with physical functions (i.e. PF,
ADL and IADL), it was noted that the MWI demonstrated
the best model fit, followed by the HRQL-CI. This may
be because the MWI and HRQL-CI assigned weights to
each disease by impact on SF-36 PF and SF-12 physical
component summary, respectively. Both PF and physical
component summary are about physical functions, but the
former contains more information. In contrast, the CCI
and ECI assigned weights to each disease by impact on
mortality, which is a more serious outcome than physical
function [12, 13]. For mortality, the MWI had the same

C-statistic as the others, despite the fact that it was not
developed by measuring mortality risk. Wei et al. [18] found
a slightly different result in that the C -statistics were similar
but not the same in five indexes. Moreover, prior studies
that compared the ability of the CCI and ECI to predict
mortality in Chinese subjects also resulted in a disagreement.
For example, Yang et al . [23] concluded that the CCI was
better than the ECI, while others [21, 38] found the opposite
result. However, the numerical difference in C -statistics was
<0.1 despite the ranking difference of the two indexes.

The newly developed CMWI had a better than or com-
parable performance with the MWI, and it quantified the
multimorbidity burden on PF tailored to Chinese middle-
aged and older adults. For specific diseases, both indexes
indicated the strong impact of memory-related diseases on
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PF, highlighting the great effect of both dementia and Parkin-
son diseases on middle-aged and older adults across high-
and middle-income countries [39]. As regards stroke, it was
weighted and ranked a little differently in the two indexes.
The weight of stroke was 4.3 in the CMWI which ranked
the first among the 14 diseases, while it was 3.8 in the MWI,
ranked 11th out of 98 diseases. Previous studies have shown
that in China, adherence to evidence-based recommenda-
tions and clinical practice for stroke, the quality of stroke
care and the rehabilitation after stroke were worse than in
the USA [40, 41]. This may be the reason why stroke had
a greater impact on PF in Chinese than in Americans. Due
to these modifications, the CMWI developed by this study
turned out to perform better than the original MWI when
using PF and IADL as outcomes, showing a smaller AIC
and higher R2. The interaction-CWMI showed comparable
performance with the CMWI so for simplicity we recom-
mended the CMWI to measure the multimorbidity burden.
Also, approximately 66% of the sample was composed of
middle-aged adults, which may result in insufficient power
to test the age–disease interaction.

Our study contributes to the literature by providing the
first estimation of the weights of 14 chronic diseases on the
multimorbidity burden for Chinese. By and large, previous
research on multimorbidity in China mainly addressed its
prevalence and risk factors [34, 42, 43], patterns of mul-
timorbidity [44, 45] and the impact of multimorbidity on
health-related outcomes and healthcare utilization [46, 47].
We found that multimorbidity was prevalent among Chinese
middle-aged and older adults, and was associated with lower
PF, higher ADL/IADL disability and higher mortality risk,
which is in line with prior studies [34, 42–44]. However,
in most of these studies, multimorbidity was qualitatively
defined as the simultaneous presence of two or more chronic
diseases [48], different from the quantitative measure used
in this study. By developing and validating the CMWI,
our study improved on prior studies by directly estimating
the quantitative impact of multimorbidity on several health
outcomes [31, 44]. In addition, prior studies had proved
that the prevalence and patterns of multimorbidity varied in
different regions [49], which suggested that there may also
be regional difference in the degree of the impact of disease
on health, thus raising the question about the applicability of
western-based indexes to the Chinese population. This study
answered this question, with CMWI having a slightly better
performance than western indexes when used for Chinese
subjects.

Several limitations of our study should be noted. First,
only 14 chronic diseases were included in the CMWI, much
lower than the 98 in the MWI, which may lead to underes-
timation of multimorbidity burden. Nevertheless, our index
already covered the key chronic diseases with high prevalence
in high- and low-income countries that significantly affect
the health of older adults [49]. Second, both CHARLS and
CLHLS collected self-reported doctor-diagnosed diseases. As
well as potential reporting bias, the classification of diseases
is imprecise, with several similar diseases lumped together.

The lack of specific disease information prevented us from
exploring the synergistic effect of multimorbidity, but we
assuming an additive effect as in most prior studies [12–
14]. Third, the CMWI was quantified as the disease bur-
den on physical function without consideration of mental
function, due to limited mental health measures of SF-
36 available in both cohorts. Last, our study validated the
performance of the CMWI using health-related outcomes
only, while the extent to which the CMWI would con-
tribute to other health economic indicators should be further
verified [45, 46].

Conclusion

In this study, we found that the CMWI was an adequate
index to quantify the multimorbidity burden for Chinese
middle-aged and older community-dwelling individuals. It
can be directly computed via disease status routinely exam-
ined during annual health checkups at community health-
care centres, which will facilitate its application to health
management and patient communication.

Supplementary Data: Supplementary Data mentioned in
the text are available to subscribers in Age and Ageing online.
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