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ABSTRACT
Objectives Examination of the prevalence, influence 
factors and patterns of multimorbidity among the elderly 
people in Guangzhou, China.
Design Cross- sectional study.
Participants 31 708 community- dwelling elderly people 
aged 65 and over.
Primary and secondary outcome measures Prevalence, 
influence factors and patterns of multimorbidity in seven 
chronic conditions among the participants. A multistage, 
stratified random sampling was adopted for selection of 
health records in the residents’ health records system 
of Guangzhou. Data mining by association rule mining 
analysis was used to explore the correlations and 
multimorbidity patterns between seven chronic diseases.
Results The prevalence of morbidity was 55.0% (95% 
CI 40.1% to 60.1%) and the multimorbidity was 15.2% 
(95% CI 12.4% to 18.4%) among the participants. Elderly, 
women, higher education level, being single, living in 
urban areas and having medical insurance were more 
likely to have chronic diseases and multimorbidity. Data 
mining by association rule mining analysis reveals patterns 
of multimorbidity among the participants, including 
coexistence of hypertension and diabetes (support: 
12.5%, confidence: 17.6%), hypertension and coronary 
heart disease (support: 4.4%, confidence: 5.7%), diabetes 
and coronary heart disease (support: 1.6%, confidence: 
5.7%), diabetes, coronary heart disease and hypertension 
(support: 1.4%, confidence: 4.4%).
Conclusions A high prevalence of morbidity (especially 
on hypertension and diabetes) and a relatively low 
multimorbidity of chronic diseases exist in elderly 
people. Data mining of residents’ health records will 
help for strengthening the management of residents’ 
health records in community health service centres of 
Guangzhou, China.

INTRODUCTION
China is experiencing a rapidly growing 
ageing population. Data from seventh 

national census of National Bureau of Statistic 
in China showed that individuals aged 65 
years or older constitute about 13.5% (191 
million) of the total population in 2020.1 With 
the population ageing, chronic diseases have 
become an important public health challenge 
in China. It is estimated that chronic diseases 
will cause 122 million people deaths in China 
in 2030, and the mortality rate of chronic 
diseases would increase up to 40.0% (859.2 vs 
613.5/100 000) compared with 2013.2 What 
makes the situation worse is multimorbidity, 
which is defined as the coexistence of two 
or more chronic diseases in one person,3 
has increasingly gained attention in recent 
decades. Multimorbidity is associated with 
poor health outcomes, such as reduced func-
tion levels (ability of activities of daily living), 
increased psychological distress,4 5 impaired 
quality of life6 7 and increased rates of 
disability and mortality.8 9 Moreover, chronic 
diseases and multimorbidity can cause the 
heavy illness and treatment burden, espe-
cially in elderly population.10 It was reported 

Strengths and limitations of this study

 ⇒ The report on data mining of electronic health re-
cords in community health service centres is limited 
in China.

 ⇒ 31 708 elderly people health records were adopted 
by a multistage, stratified random sampling method.

 ⇒ Selection bias and recall bias were introduced in this 
study.

 ⇒ Only seven chronic diseases were included in this 
study.

 ⇒ The prevalence of chronic diseases and multimor-
bidity may be underestimated in this study.
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that 72.7% of outpatient services and 77.3% of inpatient 
services were used by patients with multimorbidity.11 
Another study in Beijing China reported that the expen-
diture on elderly people with two and three conditions 
was 3.4 times and 5.3 times higher than that on elderly 
people with a single condition.12

Although reported previously,13 14 the prevalence and 
pattern of multimorbidity among elderly people varied 
significantly. The overall prevalence of multimorbidity 
ranged from 6.4% to 76.5% in the elderly people in 
China,15 16 even, 90.5% among older Chinese adults living 
in rural areas.17 The wide variations in prevalence of 
multimorbidity in those studies may be related to differ-
ences of the included diseases, the assessment methods 
and instruments, differences in environment and life-
styles and so on. For example, a systematic review study 
in South Asia found that prevalence of multimorbidity 
ranged from 4.5% to 83%, and the included number of 
diseases in a given study varied from 7 to 22.18 Meanwhile, 
the various patterns of multimorbidity were reported in 
different studies, which used different statistical methods, 
such as factor analysis, cluster analysis and association 
rule mining analysis. The common multimorbidity 
patterns included pattern of osteoarthritis and rheuma-
toid arthritis with hypertension,19 pattern of hyperten-
sion and diabetes,6 pattern of cardiopulmonary mental 
degenerative disorder, pattern of cerebrovascular meta-
bolic disorder17 and so on. Nonetheless, it is indisputable 
that multimorbidity is prevalent among elderly people in 
China.

The project of health records of residents in commu-
nity health service centres, one of the national basic 
public health service projects, has been implemented in 
China. As part of the national project, the city of Guang-
zhou established an electronic health record system since 
2010.20 To 2020, 91.23% residents of Guangzhou have 
established health records in their community health 
service centres in different districts. Data mining of 
electronic health records thus becomes a novel way to 
understand disease morbidity and multimorbidity among 
residents. However, studies with application of electronic 
health records in community health service centres are 
limited in China.

By taking advantage of the abundant data, we there-
fore set out a data mining study in the electronic health 
record of residents in community health service centres 
of Guangzhou. We aim to assess prevalence and influence 
factors of chronic diseases and multimorbidity and to 
explore patterns of multimorbidity among community- 
dwelling elderly people in Guangzhou, China.

METHODS
Study design and data source
From October to December 2020, a multistage, stratified 
random sampling was adopted for selection of residents’ 
health records in Guangzhou. First, based on the popula-
tion per district, we selected 2, 4 or 6 community health 

service centres in each district (figure 1). Second, in each 
selected community health service centre, we further 
selected two subdistrict community health service centres, 
and all community- dwelling residents’ health records 
were adopted. Finally, among them, 31 708 health records 
were derived from residents aged 65 years or above. The 
sampling framework was shown in detail in figure 1.

Patient and public involvement
Patients or public were not involved in study design or 
conduct of the study. There are no plans to disseminate 
the research results to study participants.

Instruments
Sociodemographic characteristics
The sociodemographic information, including age, 
gender, marital status, educational level, living area and 
medical insurance, was selected in residents’ health 
records in the present study.

Morbidity coding
All the seven chronic conditions were reported in the 
medical history in residents’ health records in commu-
nity health service centres, which were selected in the 
present study. International Classification of Diseases 
codes was used for all diagnoses. And the seven chronic 
conditions as following: hypertension (I10.x09), 
diabetes (E11.900), coronary heart disease (I25.103), 
apoplexy (I64.x00), chronic obstructive pulmonary 
disease (COPD, J44.900), tumour (M80000/3) and 
mental disorder (F99.x00). For this study, multimor-
bidity was defined as the coexistence of two or more 
chronic conditions in one person.3

Figure 1 Sampling framework in this study in Guangzhou, 
China. CHCs, community health centres.
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Data analyses
Statistical analysis was performed using R and SPSS 
V.21.0 (SPSS). Sample size was calculated by the formula, 
n =(Z2

a×P0 (1−P0)/d2. With the data of elderly adults 
in southwest China, P0 was 16.1%,14 d was 0.1P0, a was 
0.05, the minimal sample size of 2084 participants was 
required. The χ2, t- test and one- way analysis of variance 
were used to assess the differences in sociodemographic 
characteristics between subjects. Binary logistic regres-
sion analysis was conducted to examine factors associated 
with chronic diseases and multimorbidity, and a forward 
stepwise selection strategy was adopted when the regres-
sion models performed. To increase the representative-
ness of the study population, all statistics were calculated 
by using base weights adjustment (population weight 
and poststratification sample weights). The complex 
samples module in SPSS V.21.0 was adopted to account 
for the multistage sample design. Geographic heat map 
of chronic diseases was drawn by R V.3.2.1 programme. 
The association rule mining analysis was used to explore 
the correlations and patterns of multimorbidity between 
chronic diseases among community- dwelling elderly 
people. P<0.05 was considered statistically significant in 
the present study.

RESULTS
Seven chronic conditions in the residents’ health records 
system among 31 708 community- dwelling elderly people 
exist in Guangzhou. The prevalence of morbidity was 
55.0% (95% CI 40.1% to 60.1%) and the most common 
chronic disease was hypertension (47.8%, 95% CI 44.5% 
to 51.0%). Prevalence of other selected chronic condi-
tions was also reported, including 15.9% (95% CI 14.4% 
to 17.6%) for diabetes, 4.9% (95% CI 3.0% to 7.8%) for 
coronary heart disease, 1.3% (95% CI 0.8% to 2.1%) for 
apoplexy, 0.7% (95% CI 0.4% to 1.4%) for COPD, 1.3% 
(95% CI 0.8% to 2.0%) for tumour and 0.5% (95% CI 
0.3% to 0.7%) for mental disorder.

The prevalence of chronic conditions in community- 
dwelling elderly people showed regional differences in 
Guangzhou China (figure 2). According to the heat map 
of prevalence by region, elderly people living in urban 
areas were more likely to have chronic conditions. The 
risk of morbidity and multimorbidity in elderly people 
was growing up as people get older (figure 3). Half of 
the people aged 65–69 had at least one disorder and the 
number gradually increased with age.

Of the 31 708 respondents, 15.2% (95% CI 12.4% to 
18.4%) of elderly people had multimorbidity (table 1). 
Results of logistic regression analysis showed that socio-
demographic factors associated with morbidity and 
multimorbidity (table 2). Elderly, women, higher educa-
tion level, being single, living in urban areas and having 
medical insurance were more likely to have chronic 
diseases and multimorbidity.

Results of data mining study by association rule mining 
analysis showed that seven selected chronic conditions, 
most of them accompanied with one or more other 
chronic diseases. Figure 4 showed that 66.4% of elderly 
people with hypertension had only one condition 
(hypertension), while 33.7% experienced one or more 
additional chronic diseases (multimorbidity). On the 
contrary, 85.7% of elderly people with apoplexy reported 
experiencing one or more additional chronic diseases 
(multimorbidity), only 14.3% of those had apoplexy 
alone. Moreover, web diagram analysis revealed that 
these chronic diseases were highly related to each other 
(figure 5).

Table 3 showed the patterns of multimorbidity in the 
present study, and the most common pattern of multi-
morbidity was model of hypertension and diabetes 
(support: 12.5%, confidence: 17.6%). Meanwhile, model 
of hypertension and coronary heart disease (support: 
4.4%, confidence: 5.7%), model of diabetes and coronary 
heart disease (support: 1.6%, confidence: 5.7%), model 
of diabetes, coronary heart disease and hypertension 
(support: 1.4%, confidence: 4.4%) were also reported.

Figure 2 Prevalence of chronic conditions by region in 
community- dwelling elderly people in Guangzhou, China. (A) 
Prevalence of hypertension. (B) Prevalence of diabetes. (C) 
Prevalence of morbidity. (D) Prevalence of multimorbidity.
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DISCUSSION
Main findings
In this study, we found that the prevalence was 55.0% for 
morbidity and 15.2% for multimorbidity, and which were 
associated with several factors among 31 708 community- 
dwelling elderly people. Data mining of association rule 
mining analysis can explore the correlations and patterns 
of multimorbidity between chronic diseases, which will 
help for strengthening the management of residents' 
health records in community health service centres of 
Guangzhou, China.

Comparison with previous studies
Chronic diseases are becoming more and more common 
and their prevalence is rapidly increasing.21 In the 
present study, the prevalence of morbidity was 55.0% 
among elderly people in Guangzhou, China, which 
was similar to previous studies.14 47.8%, 15.9%, 4.9% 
of elderly people with hypertension, diabetes, coronary 
heart disease, respectively, which was consistent with 
previous studies.13 14 22 23 In the present study, we found 
that the prevalence of multimorbidity was 15.2% among 
31 708 community- dwelling elderly people in Guangzhou, 
China, which is consistent with previous reports from 
Li et al (16.1% among the elderly adults aged ≥60 years 
in southwest China),14 and Bao et al (20.8% of middle- 
aged and elderly residents in southern China).6 However, 
Zhang et al found that multimorbidity was 43.6% of 
elderly people in a nationally representative sample of 
China,13 and Yao et al found that multimorbidity occurred 
in 42.4% of the participants from the China Health and 
Retirement Longitudinal Study.24 Moreover, Wang et al 
found that multimorbidity prevalence was 81.3% among 
one million older group in China, even, 90.5% among 
older adults living in rural areas of China.17 Compare with 
those studies, the wide variations in prevalence of multi-
morbidity may due to differences of the included chronic 
diseases and the assessment method and instrument. In 

the present study, only seven chronic conditions were 
included. And the assessment method and instrument 
were based on residents’ health records in community 
health service centres of Guangzhou, the imperfection 
of residents’ health records may also contribute to low 
prevalence. Nevertheless, chronic diseases and multi-
morbidity should not be overlooked among community- 
dwelling elderly people.

We found that age was associated with multimorbidity. 
With ageing, the prevalence of multimorbidity was 
higher.25 26 With ageing and immunity declining, risk of 
illnesses will increase naturally among elderly people. 
Study of China Kadoorie Biobank was found that a higher 
increase in the number of chronic conditions was found 
in the older people.27 The prevalence of multimorbidity 
was higher among women25 and living in urban areas,23 27 
which was consisted with previous studies.24 Elderly people 
in rural areas may have limited medical resources than 
urban residents, which might lead to a lower probability 
of being diagnosed. Interestingly, higher education level 
and having medical insurance were also found to be 
associated with higher prevalence of multimorbidity.26 
People of higher education level generally had higher 
health literacy level and had more healthcare- seeking 
behaviours; meanwhile, regular physical examinations in 
elderly people who had medical insurance also helped 
them of being diagnosed. Compare with married status, 
elderly people being single (unmarried, divorced or 
widowed) was positively associated with multimorbidity.28 
One alternative explanation might be that loneliness may 
result in a higher risk of multimorbidity.29 Loneliness 
can cause emotional changes, which in turn affect multi-
morbidity,30 and these emotional changes can activate 
neurobiological and behavioural mechanisms which can 
decrease health.31

Cluster analysis and association rule mining analysis 
are the common data mining methods to calculating 
the associations between different diseases. Different 
from cluster analysis, association rule mining analysis 
can directly calculate the probability of multimorbidity, 
when participants had a chronic disease. Therefore, asso-
ciation rule mining analysis was adopted for analysing 
patterns of multimorbidity in the present study, and the 
most common pattern of multimorbidity was reported: 
model of hypertension and diabetes. Specifically, when 
the elderly people have diabetes, 17.58% of them are 
more likely to have hypertension (table 3). Similar result 
was reported in a prospective cohort study, prevalent of 
multimorbidity of diabetes–hypertension was 12.5%.32 
Blümel et al found that hypertension coexisted in 22.0% 
of women with diabetes.33 Prathapan et al found that a 
fourth of the sample was affected by multimorbidity of 
diabetes and hypertension, and the combinations of coro-
nary heart disease with hypertension and diabetes were 
also significantly prevalent.34 Bao et al demonstrated that 
the most prevalent chronic diseases pair was hyperten-
sion and diabetes among community middle- aged and 
elderly residents in southern China.6 Meanwhile, in the 

Figure 3 Number of chronic conditions by age group in 
community- dwelling elderly people in Guangzhou, China.
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present study, model of hypertension and coronary heart 
disease, model of diabetes and coronary heart disease, 
model of diabetes, coronary heart disease and hyper-
tension were also reported. A nationally representative 
sample of middle- aged and older adults study showed 
that three top prevalent multimorbidity combinations 
were diabetes arthritis hypertension; diabetes hyperten-
sion; and diabetes arthritis hypertension heart disease.32 
Other study of community- dwelling elderly people in 
Nanjing, China, found that hypertension and diabetes, 
hypertension and coronary heart disease, hypertension 
and dyslipidaemia, diabetes and cataract, diabetes and 
hearing disorder, hypertension and stroke were the 
common patterns of multimorbidity.16 Exploring patterns 
of multimorbidity may contribute to implement the effec-
tive prevention, interventions, treatment measures and 
management strategies of multimorbidity, and more 
attention are required for researchers.

Some limitations were included in this study. First, 
only seven chronic diseases were included in this study. 
Second, the old records (invalid records) or deaths 
records were not included. Third, some chronic diseases 
were lower than other studies, such as apoplexy, COPD 
and tumour. Those may lead to a low prevalence of multi-
morbidity. At the same time, the residents’ health records 
in communities were based on self- reporting; thus, the 
selection bias and recall bias were introduced. Therefore, 
a larger and prospective cohort design based on resi-
dents’ health records to infer the causal relationship is 
needed in future research.

Some strengths were also included in present study. 
There are few studies on data mining of residents’ health 
records in community health service centres in China. 
In the present study, a multistage, stratified random 
sampling method was selected, and 31 708 elderly people 
were adopted, which can explore representatively the 
current status and quality of residents’ health records 
in community health service centres of Guangzhou, 
southern of China. And the results will help for strength-
ening the management of residents’ health records of 
Guangzhou, China.

CONCLUSIONS
Our study indicated a high prevalence of morbidity and 
a relatively low multimorbidity of chronic diseases among 
31 708 community- dwelling elderly people in Guang-
zhou, China. Elderly, woman, higher education level, 
being single, living in urban areas and having medical 
insurance were more likely to have chronic diseases and 
multimorbidity. Data mining of residents’ health records 
in community health service centres by association rule 
mining analysis showed that pattern of multimorbidity 
was model of hypertension and diabetes, model of hyper-
tension and coronary heart disease, model of diabetes 
and coronary heart disease, model of diabetes, coronary 
heart disease and hypertension.

Figure 4 Number of chronic conditions in community- 
dwelling elderly people in Guangzhou, China. COPD, chronic 
obstructive pulmonary disease.

Figure 5 Web diagram of comorbidity in community- 
dwelling elderly people in Guangzhou, China. COPD, chronic 
obstructive pulmonary disease.

Table 3 The pattern of multimorbidity based on mining association rules of apriori algorithm in community- dwelling elderly 
people in Guangzhou, China

Left hand side Right hand side Support (%) Confidence (%) Lift

Diabetes* Hypertension 12.495 17.579 1.404

Coronary heart disease* Hypertension 4.377 5.718 1.512

Coronary heart disease* Diabetes 1.615 5.718 1.606

Coronary heart disease, hypertension† Diabetes 1.385 4.377 1.799

*The results of association rules for relationship between chronic diseases with 1 left- hand side.
†The results of association rules for relationship between chronic diseases with 2 left- hand side.
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