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Introduction
   

Multimorbidity, defined as the co-occurrence of 2 or more 
chronic conditions, is very common among older adults (1). 
With a continuing increase in life expectancy, multimorbidity 
has become a worldwide public health issue and is associated 
with increasing adverse health outcomes, such as mortality, 
disability, poor quality of life, hospitalizations, and concomitant 
use of healthcare resources and expenditure (2-4). A 
systematic review of 41 articles showed that the prevalence of 
multimorbidity from different countries lies between 20% and 
30% for the entire population and 55% to 98% for individuals 
older than 65 years (5). Multimorbidity increases in parallel 
with both social deprivation and age, with almost a quarter of 
the United Kingdom population as a whole and two-thirds of 
people aged 65 years or over affected (6). In the United States, 
almost 3 out of 4 older adults reportedly have multiple chronic 
conditions (7): in 2000, 57 million Americans had multiple 
chronic conditions and by 2020 this number is expected to 
grow to 81 million (8). Approximately 65% of patients aged 75 
or older living in Tokyo who used medical care had 3 or more 
co-occurring diseases (9), while in Canada, of the 18% of the 
total population considered multimorbid, 57% were older than 

65 years (10).
Research on multimorbidity of older adults in China is still at 

the early stage. For the community-dwelling older population, 
a cross-sectional community health survey in southern China 
showed that the average number of chronic conditions was 
1.68 ±1.60, and the prevalence of multimorbidity was reported 
to be 45.5% (11). Meanwhile, a study from northeastern 
China reported that almost a quarter (24.7%) of older adults 
was found to be multimorbid for chronic diseases (12). In 
another study from Nanjing, the prevalence of multimorbidity 
was 49.4% in community-dwelling older adults in urban 
areas (13). A large cross-sectional survey among 162,464 
community household residents in southern China reported 
that more than 1 in 10 of the total study population (11.1%, 
95% confidence interval [CI] 10.6 to 11.6) had 2 or more 
chronic conditions from a list of 40 morbidities (14). There 
are few studies of multimorbidity in hospitalized older adult 
patients in China. A survey of discharged patients in Hong 
Kong showed that 33.9% had 2 or more comorbid conditions 
(15). In China, which maintains a large population of 
older people with multimorbidity, most clinical guidelines 
nonetheless focus almost exclusively on single conditions (16), 
resulting in numerous hospital visits, polypharmacy, repeated 

A MULTICENTER STUDY OF MULTIMORBIDITY IN OLDER ADULT 
INPATIENTS IN CHINA

L. ZHANG1,2,3, L. MA1,2,3, F. SUN2, Z. TANG1,2, P. CHAN1,3,4 
1. Department of Geriatrics, Xuanwu Hospital, Capital Medical University, Beijing 100053, China; 2. Beijing Geriatric Healthcare Center, Xuanwu Hospital, Capital  Medical University,  
China; 3. Key Laboratory for Neurodegenerative Disease of the Ministry of Education, Beijing Key Laboratory for Parkinson’s Disease, Parkinson Disease Center of Beijing Institutefor 

Brain Disorders, Beijing, China; 4. Department of Neurobiology, and Neurology, Xuanwu Hospital of Capital Medical University, Beijing Institute of Geriatrics, Beijing, China. 
Corresponding author: Piu Chan, MD, Department of Neurobiology, Xuanwu Hospital of Capital MedicalUniversity, Beijing 100053, China. pbchan@hotmail.com. Zhe Tang, MD, 

Beijing Geriatric Healthcare Center, Xuanwu Hospital, Capital Medical University, Beijing 100053, China

Abstract: Objectives: Multimorbidity is common in older hospitalized adults. To date, however, few studies 
have addressed multimorbidity in the older population of Chinese inpatients. We aimed to investigate the 
multimorbidity rate and associated risk factors in older adult inpatients in China. Design, Setting, Participants: 
This study was conducted in the medical wards of a tertiary-care hospital from. The patients were recruited 
aged between 60 to 101 (74.14±8.46) years. Measurements: Data were obtained from the China Comprehensive 
Geriatric Assessment Study, conducted in 2011–2012 in China. A total of 4,633 inpatients older than 60 years 
was recruited from 12 hospitals in 7 cities throughout China. The prevalence of comorbidity, distribution of 
common chronic diseases, and the associated risk factors were studied. Results: A total of 4,348 people aged 60 
to 101 (74.14±8.46) years completed questionnaires. The average frequency of multimorbidity was 69.3% (95% 
CI, 67.9% to 70.6%). The prevalence of multimorbidity increased with age and was higher in men (71.6%; 95% 
CI, 69.9% to 73.3%) than in women (65.3%, 95% CI 63.0% to 67.6%), and higher in the northern region (71.7%, 
95% CI 69.9% to 73.5%) than in the southern region (66.0%; 95% CI, 63.8% to 68.1%). The most frequent 
chronic diseases were hypertension, coronary heart disease, diabetes, cataract, and stroke. Area (OR=0.556; 
95% CI, 0.465 to 0.666), region (OR=0.834; 95% CI, 0.723 to 0.962), body mass index (BMI) (OR=1.124; 
95% CI, 1.017 to 1.242), and impairment of activities of daily living (OR=0.911; 95% CI, 0.855 to 0.970) were 
independent factors associated with multimorbidity. Conclusions: Multimorbidity is common in older Chinese 
inpatients with a national prevalence of 69.3% that increases in line with age. Age, region, area, BMI, and daily 
activities were independent factors significantly associated with multimorbidity in older inpatients. Clinicians 
should therefore focus more attention on multimorbidity.

Key words: Multimorbidity, morbidity, older adults, inpatients, disability.

© The Author(s)

J Nutr Health Aging. 2020;24(3):269-276

Published online January 10, 2020, http://dx.doi.org/10.1007/s12603-020-1311-x



A MULTICENTER STUDY OF MULTIMORBIDITY IN OLDER ADULT INPATIENTS IN CHINA

J Nutr Health Aging
Volume 24, Number 3, 2020

270

investigations, and substantial treatment burden (16, 17). A 
better understanding of the epidemiology of multimorbidity 
is necessary in order to develop interventions, reduce the 
healthcare burden, and align healthcare services more closely 
with patients’ needs. Multimorbidity is of particular relevance 
to geriatricians because the number of morbidities and 
proportion of the population with multimorbidity increases 
substantially with age (6). The US Department of Health and 
Human Services has emphasized the importance of identifying 
common patterns in the occurrence of 2 or 3 diseases to guide 
the development of specific interventions for drug interactions 
(8). In January 2019, the Guiding Principles on the care of older 
adults with multimorbidity were released (18). However, there 
is a lack of large-scale epidemiological studies of the incidence 
of multimorbidity among older inpatients across China. This 
study aimed to investigate the prevalence and risk factors of 
multimorbidity in this population.

Methods 

Participants
For this retrospective study, inpatient data were obtained 

from the China Comprehensive Geriatric Assessment Study 
(CCGAS) from January 2011 to December 2012 (19). 
According to the division of north and south China by Qinling 
mountains/Huaihe river as boundary, 12 tertiary hospitals from 
7 provinces representative of the north and south of China 
were chosen (north including Beijing, Harbin, and Xi’an; south 
including Changsha, Chongqing, Chengdu, and Shanghai). A 
sample was chosen randomly from hospitalized patients aged 
60 years and older. In total, 4,633 inpatients were included 
from the geriatric departments. All patients provided written 
informed consent.

Data collection
Our survey included sociodemographic variables, social 

function (e.g., activities of daily living [ADL] and instrumental 
ADL [IADL]), anthropometric measurements, chronic 
disease history, life behavior and habits (smoking, alcohol 
consumption, physical exercise, eating habits, sleep, and 
participation in social activities), mental health assessment 
(the Geriatric Depression Scale), cognitive function assessment 
(Mini-Mental State Examination), and medical conditions.

All diseases were diagnosed based on criteria set by the 
International Classification of Diseases, 10th version (ICD-
10), including hypertension, coronary heart disease, diabetes, 
chronic obstructive pulmonary disease, cataract, stroke, 
transient ischemic attack, osteoarthritis, hearing loss, dementia, 
cancer, chronic kidney disease, hepatitis, schizophrenia, and 
gastrointestinal disease.

Definitions
Older adults who suffered 2 or more chronic diseases were 

defined as multimorbid. Assessment of disability used an 
internationally accepted instrument that measured capability 
in ADL to assess physical function. The instrument comprises 

ADL (bathing, dressing, toileting, indoor walking, getting in/
out of bed, and eating) and IADL (shopping, phone calls, 
housekeeping, laundry, money management, medication, and 
transportation). Thus, for the purposes of this study, those with 
one or more impaired ADL or IADL functions were defined as 
disabled (20).

Statistical methods
The database established by Epi-Data was exported into 

SPSS19.0 after verification and confirmation of statistical 
analyses. The occurrences of multimorbidity were counted 
by sex, area, and age group. Chi-squared tests were used to 
compare the prevalence of the 15 diseases among sex and age 
groups. The sex-specific and area-specific detection rates were 
determined as the ratio of the number in the corresponding age 
group. Measurement data were compared by t tests, and rates 
were compared by chi-squared tests. Logistic analysis was 
carried out to explore the association of potential risk factors 
with multimorbidity. The results are presented as odds ratio 
(OR) and 95% CI.

Results

Demographic characteristics of morbidity in older inpatients
Of 4,633 inpatients, 285 (6.15%) subjects were excluded 

because of incomplete or inconsistent data. A total of 4,348 
subjects were finally included in the analysis, whose age ranged 
from 60 to 101 (73.56±8.38) years. There were 375 (8.6%) 
subjects without chronic diseases, 962 (22.1%) with 1 disease, 
and 3,031 (69.3%) with 2 or more diseases. As expected, 
multimorbidity increased with aging and reached the highest 
frequency of 81.6% for people older than 80 years (Table 1).

Risk factors associated with multimorbidity
We further investigated the factors that might influence the 

prevalence of multimorbidity (Table 1). There was a significant 
difference in the distribution of multimorbidity between 
north and south (71.1% vs 66.0%, p<0.001), men and women 
(71.6% vs 65.3%, p<0.001), urban and rural areas (73.6% 
vs 53.9%, p<0.001), and married/cohabiting and widowed/
separated (67.9% vs 76.5%, p<0.001). People with normal 
body mass index (BMI) (18.5 ≤ BMI < 23.9, 65.5%) had 
lower multimorbidity than those with abnormal BMI (BMI < 
18.5, 72.2%; 24 ≤ BMI < 27.9, 71.2%; BMI ≤ 28, 74.9%). In 
addition, higher prevalence of multimorbidity was associated 
with smoking (p=0.009) and drinking alcohol (p=0.004). There 
was also a significant difference in education level (lower than 
middle school, 65.7%; middle school, 65.6%; high school, 
68.5%; college and above, 74.2%; p<0.001) and daily exercise 
time (less than half an hour, 72.4%; half an hour to 1 hour, 
70.9%; 1 hour, 67.6%; 2–3 hours, 65.5%; >3 hours, 64.1%; 
p<0.001).

Results of the forward stepwise logistic regression analysis 
for risk factors associated with multimorbidity are shown in 
Table 2. After adjusting for age, region, area, gender, and other 
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risk factors, age (adjusted OR=1.359, 95% CI 1.291 to 1.430), 
region (adjusted OR=0.834, 95% CI 0.723 to 0.962), area 
(adjusted OR=0.556, 95% CI 0.465 to 0.666), BMI (adjusted 
OR=1.185, 95% CI 1.080 to 1.299), and daily activity time 
(adjusted OR=0.911, 95% CI 0.855 to 0.970) were independent 
factors significantly associated with multimorbidity in older 
adult inpatients.

Burden of multimorbidity by sex, region, and age
The burden of multimorbidity is represented by the number 

of chronic diseases in each individual. Table 3 shows the effects 

of age, gender, and region on the burden of multimorbidity 
of chronic diseases. There were 375 (8.6%) people without 
chronic conditions, while 2 (22.1%), 3 (25.1%), and 4 diseases 
(18.8%) were the most frequent conditions among the cohort. 
The proportion of men with more than 2 chronic diseases was 
higher than that of women, especially in those with more than 5 
chronic diseases (8.4% vs 3.9%), while the number of inpatients 
in the north with more than 3 chronic diseases was higher than 
that in the south. The number of chronic diseases increased 
with age, especially in those with more than 5 diseases. The 
age ranging from 60 to 69 had the highest rate of 2 chronic 

Table1
Demographic characteristics and morbidity of multimorbidity of respondents

Characteristic Morbidity χ2 test
Total Number Rate(%)(95%CI) Chi-Square P-Value

Total 4348 3031 69.3(67.9-70.6)
Age (year) 60-64 777 397 51.1(47.6-54.6) 254.657 <0.001

65-69 766 464 60.6(57.1-64.0)
70-74 804 564 70.1(667.0-73.3)
75-79 804 609 75.7(72.8-78.7)
80+ 1197 977 81.6(79.4-83.8)

Region North 2497 1790 71.7(69.9-73.5) 16.343 <0.001
South 1851 1221 66.0(63.8-68.1)

Area Urban 3391 2495 73.6(72.1-75.1) 135.454 <0.001
Rural 957 516 53.9(50.8-57.1)

Sex Male 2712 1943 71.6(69.9-73.3) 19.404 <0.001
Female 1636 1068 65.3(63.0-67.6)

Marital status Married/cohabit 3603 2484 67.9(65.9-68.9) 26.176 <0.001
Widow/separated 689 527 76.5(73.3-79.7)

Educational level Lower than middle school 1044 686 65.7(62.8-68.6) 29.548 <0.001
Middle school 882 579 65.6(62.5-68.8)
High school 891 610 68.5(65.4-71.5)
College and above 1531 1136 74.2(72.0-76.4)

BMI  (kg/m2) <18.5 216 156 72.2(66.2-78.2) 23.882 <0.001
18.5-23.9 1857 1216 65.5(63.3-67.6)
24-27.9 1807 1288 71.3(69.2-73.4)
≥28 467 350 74.9(71.0-78.9)

Smoking Yes 1495 1073 71.8(69.5-74.1) 6.807 0.009
No 2853 1938 67.9(66.2-69.6)

Alcohol Drinking  Yes 1024 746 72.9(70.1-75.6) 8.158 0.004
No 3324 2265 68.1(66.6-69.7)

Daily exercise time  (per day) No exercise 1147 830 72.4(69.8-75.0)
Half a hour 1055 748 70.9(68.2-73.6) 14.019 0.007
1 hour 1400 946 67.6(65.1-70.0)
2-3 hours 643 421 65.5(61.8-69.2)
3 hours 103 66 64.1(54.7-73.5)

Compared to different sex, area, region, age group, marital status, educational level, BMI, smoking, alcohol drinking, and daily exercise time. p<0.05 was statistically significant within 
the group; *Northern cities included Beijing, Xi’an, and Harbin, and southern cities included Chengdu, Chongqing, Changsha, and Shanghai.
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diseases (30.7%). The proportion of older inpatients suffering 
from 3 chronic diseases was the highest (29.4%) in the 70- to 
79-year-old age group, and with 4 chronic diseases (19.7%) in 
the inpatients older than 80.

Rank prevalence of chronic diseases
Hypertension was ranked the most frequent chronic disease, 

with prevalence as high as 63.06%, far higher than for other 
chronic disease. Prevalence of other chronic diseases followed 
the order coronary heart disease (35.17%), diabetes (27.62%), 

Table 2
Logistic regression models analyzing the relationship between multimorbidity and sample characteristics

Factor Unadjusted OR (95%CI) p-Value Adjusted OR (95%CI) p-Value
Age 1.435(1.370-502) <0.001 1.359(1.291-1.430) <0.001
Region 0.765(0.672-0.872) <0.001 0.834(0.723-0.962) 0.013 
Area 0.420(0.362-0.487) <0.001 0.556(0.465-0.666) <0.001
Sex(female) 0.744(0.652-0.849) <0.001 0.886(0.751-1.045) 0.151 
Marital status(married) 1.529(1.273-1.859) <0.001 1.155(0.939-1.422) 0.172 
Education level(illiteracy) 1.134(1.079-1.192) <0.001 1.035(1.969-1.2037 0.305 
BMI 1.233(1.129-1.347) <0.001 1.185(1.080-1.299) <0.001
Income(<2000yuan) 1.377(1.263-1.501) <0.001 1.011(0.905-1.129) 0.849 
Drinking 1.255(1.074-1.466) 0.004 1.184(0.984-1.426) 0.074 
Smoking 1.200(1.046-1.377) 0.009 1.070(0.899-1.274) 0.448 
Activity 0.896(0.845-0.950) <0.001 0.911(0.855-0.970) 0.004 
Multimorbidity was taken as the dependent variable (1 = yes;0 = none); age (60–64 years old), region (north), area (urban), gender (female), marital status (married), education level 
(illiteracy), BMI (<18), income (<2,000 RMB/year), drinking (no), smoking (no), and daily activity time (less than 30 min/day) were taken as corresponding variables.

Figure 1
Ranking of prevalence of the 15 chronic diseases in older adult inpatients
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cataract (23.51%), stroke (18.08%), osteoarthritis (15.92%), and 
others (Figure 1).

Relationship between disability and multimorbidity
When disability was defined as having one or more 

ADL and IADL impairment, 673 (15.5%) participants had 
concomitant multimorbidity and disability, 1,193 (27.4%) 
had neither disability nor multimorbidity, 144 (3.3%) had 
only disability, and 2,338 (53.8%) had only multimorbidity. 
Women had concomitant multimorbidity and disability 
(18.8%) compared with men (15.5%), while the proportion 
of inpatients from the south with concomitant multimorbidity 
and disability (18.8%) and only with disability (5.8%) was 

greater than that documented in the north (concomitant 
disability and multimorbidity rate 12.2%, disability rate 1.5%). 
With increasing age, the disability-only rate increased from 
2.2% to 5.6% while the rate of concomitant disability and 
multimorbidity increased from 2.7% to 33.9%. The prevalence 
of multimorbidity was highest among those aged 70–74 years 
(61.4%) (Table 4).

Discussion

This is a multicenter study of the prevalence of 
multimorbidity among geriatric inpatients from a representative 
sample in China. We found that the great majority of older 

Table 3
Prevalence of different numbers of chronic diseases

Total number no disease 1 chronic 
disease

2 chronic 
diseases

3 chronic 
diseases

4 chronic 
diseases

5 chronic 
diseases

>5 chronic 
diseases

Total 4348 375(8.6%) 962(22.1%) 1092(25.1%) 817(18.8%) 518(11.9%) 293(6.7%) 291(6.7%)
Sex
  Male 2712 221(8.1%) 548(20.2%) 652(24.0%) 522(19.2%) 335(12.4%) 206(7.6%) 228(8.4%)
  Female 1636 154(9.4%) 414(25.3%) 440(26.9%) 295(18.0%) 183(11.2%) 87(5.3%) 63(3.9%)
Region
  North 2497 215(8.6%) 492(19.7%) 592(23.7%) 456(18.3%) 325(13.0%) 211(8.5%) 206(8.2%)
  South 1851 160(8.6%) 470(25.4%) 500(27.0%) 361(19.5%) 193(10.4%) 82(4.4%) 85(4.6%)
Age (years)
  60-69 1543 209(13.5%) 473(30.7%) 454(29.4%) 257(16.7%) 96(6.2%) 36(2.3%) 18(1.2%)
  70-79 1608 114(7.1%) 321(20.0%) 447(27.8%) 324(20.1%) 208(12.9%) 110(6.8%) 84(5.2%)
  80+ 1197 52(4.3%) 168(14.0%) 191(16.0%) 236(19.7%) 214(17.9%) 147(12.3%) 189(15.8%)

Table 4
Characteristics of disability and multimorbidity in older inpatients

Characteristic n Normal Disability Multimorbidity Disability+ multimorbidity
n % n % n % n % χ2 p

Total 4348 1193 27.4 144 3.3 2338 53.8 673 15.5
Sex
  Male 2721 680 57.0 88 61.5 1524 65.2 420 62.4 22.442 <0.001
  Female 1636 513 43.0 55 38.5 815 34.8 253 37.6
Region
  South 1851 523 43.8 106 74.1 854 36.5 368 54.7 134.522 <0.001
  North 2497 670 56.2 37 25.9 1485 63.5 305 45.3
Age
  60-64 777 363 30.4 17 11.9 376 16.1 21 3.1 694.272 <0.001
  65-69 766 282 23.6 20 14.0 412 17.6 52 7.7
  70-74 804 221 18.5 19 13.3 494 21.1 70 10.4
  75-79 804 174 12.8 20 14.0 486 20.8 124 18.4
  80+ 1197 153 12.8 67 46.9 571 24.4 406 60.3
Compared to different gender, region, and age group. p<0.05 was statistically significant within the group.
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inpatients suffered from chronic diseases, with morbidity 
and multimorbidity reaching 69.3%. The prevalence of 
multimorbidity varies by sex, age, and area, as well as by 
lifestyle and education level. People who suffered two chronic 
diseases account for the largest proportion. The most common 
chronic disease among hospitalized older adults is hypertension. 
In addition to increasing age, living in northern China, living 
in rural areas, having a low BMI, and less daily activity were 
independent risk factors associated with multimorbidity.

Age was the most frequently studied determinant 
of multimorbidity (21-24). We found the incidence of 
multimorbidity to increase with age. In our study, the 
prevalence of multimorbidity was 60.7% at ages 60–74 years, 
75.7% at 75–79 years, and 81.6% at 80 years or older. These 
results fit well with the range of the overall prevalence of 
multimorbidity from studies in China (25) and other countries 
(5, 26-28). A recent systematic review showed that the 
prevalence of multimorbidity is higher than 60% worldwide, 
and is probably greater than 80% among those aged ≥85 years 
(26). Reported prevalence of community-dwelling older adults 
in Naijing (49.4%) and Guangdong (45.5%) provinces is lower 
than that in our study (13, 29). The rate of multimorbidity in 
subjects older than 80 years in our research reached 81.6%, 
similar to that reported by Liu’s group (93.73%). Age is one of 
the most important factors in organ degeneration and diseases, 
with the aging process leading to gradual degeneration of organ 
function to a pathological extent.

A large body of cross-sectional studies conducted in 
Western countries has examined the epidemiology of 
multimorbidity (30). In other reviews, the prevalence rates 
of multimorbidity for inpatients ≥65 years old (61.0%) and 
those admitted from hospital/healthcare facilities (80.0%) is 
far higher than in most Chinese domestic studies (31). The 
prevalence of multimorbidity of all residents of Olmsted 
County, USA, for example, reached 77.3% at age 65 years and 
older, possibly related to the higher detection rate of chronic 
diseases in countries other than China (22). The prevalence 
of multimorbidity varies widely in the literature because 
different data sources (questionnaires, medical records, and 
administrative data) and dissimilar patient populations create 
differing results. Most estimates are derived from primary 
care, which relies on participants’ records as the data source. 
In the present study, we used the diagnoses documented in the 
medical records, which seems to be a better way of estimating 
the prevalence of multimorbidity and may produce higher 
estimates.

In addition, many studies have assessed the association 
between prevalence of multimorbidity and sex (6, 21, 32-34). 
The morbidity rate in men in our study was higher than that 
in women, contrary to popular belief. Our result is similar 
to that of the Swiss Family Medicine ICPC Research using 
Electronic Medical Records (FIRE) (28, 33), although other 
research found that prevalence was significantly higher in 
women (21, 34, 35). Our result may be explained by the fact 

that the sample sources are mostly the cadre wards of hospitals, 
which mainly contain males; another possible reason may be 
related to the greater social pressure exerted on men, which may 
also contribute to the higher mortality rate among older males 
in China in comparison with female counterparts (36, 37).

Our study showed that the multimorbidity rate of older 
inpatients was higher among people living in northern areas of 
China than in the south. Surveys conducted in northern China 
reported a multimorbidity rate in older adults from 82% to 
86.9%, compared with 41.8% to 49.4% in southern China (13, 
38-40). This result could be due to differences in environmental 
factors and the fact that the lifestyles of older adults in southern 
China appear to be better than in the north, with people living 
in southern China having a lower BMI and sodium intake 
(41). In addition, lower level of education, living alone, fewer 
daily activities, and abnormal BMI were associated with a 
higher incidence of multimorbidity (42-44). Our findings were 
consistent with these previous results.

In the few studies that have addressed risk factors of 
multimorbidity in China, age, abnormal BMI, and daily activity 
time were independent factors significantly associated with 
multimorbidity in older adult inpatients, consistent with our 
current results (14, 42, 45, 46). In contrast to the findings 
from Western countries, our study did not find income level 
to be an independent risk factor for multimorbidity (Table 4), 
consistent with a large cross-sectional survey of southern China 
(30, 31, 47). We also demonstrated that region and area were 
independent risk factors for multimorbidity. To date, there have 
been no domestic studies of the influence of residence in the 
southern and northern regions on multimorbidity. Sex, marital 
status, smoking, and alcohol consumption were also not found 
to be independently associated with multimorbidity in the 
present analysis.

The prevalence of no disease, 1 condition, and 2 conditions 
were similar in men and women, but the prevalence of more 
than 2 conditions was higher in men. This result is similar 
to that reported by Walter’s group, and may be explained by 
a higher risk of developing more complex combinations of 
multimorbidity in men than in women, or by an improved 
survival in men with more complex multimorbidity (22). The 
results were also similar regardless of whether the inpatients 
came from northern or southern China.

We found the principal 5 chronic diseases to be 
hypertension, coronary heart disease, diabetes, cataract, and 
stroke, whereby hypertension was the single most prevalent 
disease; therefore, many scholars focus on the study of 
hypertension combined with other chronic diseases (21). A 
survey of inpatients older than 80 years from WuHan, China 
showed that the top 5 common diseases were hypertension 
(72.51%), cerebrovascular disease (52.29%), coronary heart 
disease (37.25%), cardiac insufficiency (36.25%), and bone and 
joint disease (33.96%). Another cross-sectional survey of 4,833 
consenting adults aged ≥60 years conducted in 2017 showed 
that the overall prevalence of hypertension, diabetes, stroke, 
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chronic obstructive pulmonary disease, and coronary heart 
disease was 50.6%, 10.2%, 6.4%, 5.4%, and 5.5%, respectively, 
while that of multimorbidity was 16.1% (48). Hypertension 
affects 1 billion people worldwide and is directly responsible 
for more than 10 million deaths per year, to the extent that it 
has been declared a global public health crisis by the World 
Health Organization (49). In previous years, researchers and 
medical practitioners have made a tremendous effort to study 
the comorbidities of hypertension (50, 51); specifically, heart 
disease, diabetes, and obesity are the most widely studied 
comorbidities (52-56). Therefore, our results are basically 
consistent with the overall spectrum of chronic diseases.

Multimorbidity impairs the daily life of older people, leading 
to increased disability rates, frailty rates, and healthcare costs 
(11). Some research reports weak to moderate associations 
among geriatric syndromes, multimorbidity, and disability (56). 
We found that subjects with 2 or more chronic diseases had a 
higher risk of losing functional independence, as reported in 
previous literature (57, 58). In our study, the disability rates 
of 18.8% and 15.5% in men and women, respectively, for 
concomitant comorbidity and disability were higher than results 
from our previous study of CCGAS (7.0%), but similar to those 
of a cross-sectional study conducted in community-dwelling 
older adults aged 60 and older in 12 Hong Kong districts 
(22.5%) (59). Another study reveals similar prevalence rates of 
frailty (10.6%), multimorbidity (46.3%), and disability (25.0%) 
among older adults in Iceland (56). In our study, overlapping 
prevalence of the two conditions was 15.5%, the higher rate 
being related to the size of the hospital samples. The prevalence 
of disability and multimorbidity in women was lower than 
that in men. The rate of disability in the northern region was 
higher than in the southern region, but the overlapping rate 
of multimorbidity and disability in the south was higher than 
that in the north. This might be attributed to the presence and 
severity of multimorbidity. 

Limitations and strengths
This study was a multicenter study of multimorbidity of 

older inpatients across China. Currently there are few studies 
of multimorbidity among the hospitalized older population 
in mainland China, and we found that the prevalence of 
multimorbidity was higher in the north region than in the south 
region of China, but the proportion of inpatients from the south 
with concomitant multimorbidity and disability was greater than 
that documented in the north.

This study has some limitations. First, it is not representative 
of all older inpatients in China. The actual prevalence of 
multimorbidity of inpatients might be higher than in our study 
because there are numerous chronic diseases that we have not 
covered. Being a cross-sectional study, it cannot demonstrate 
the relationship between multimorbidity and prognosis, for 
which a follow-up study is needed. Second, we have only 
included some of the common chronic diseases; further studies 
analyzing a wider disease spectrum are warranted.

Conclusion

China is the largest developing country and also the most 
populated country in the world. In 2015 the number of people 
aged 60 years and older was 17% of the population, and this 
proportion is projected to reach 45% of China’s 1.4 billion 
residents by 2030 (55, 56). The aging problem is particularly 
important in China. Multimorbidity among older people has 
a high incidence, leading to a decline in quality of life and 
increased mortality. Multimorbidity is significantly higher in 
men than in women, and higher in northern than in southern 
China. Age, abnormal BMI, area, region, and daily activity 
time are independent factors significantly associated with 
multimorbidity in older adult inpatients. Alongside the 
increase in multimorbidity, the health burden and cost are 
rising. Interventions that suit patients with a single disease may 
not be appropriate for patients with multimorbidity, and the 
international guidelines may not be appropriate for Chinese 
patients. We need to develop more policies to face the threat of 
aging and multimorbidity.

Acknowledgments: This work was supported by the following grants: The National 
Key R&D Program of China, No. 2018YFC1312001, 2017YFC0840105 and the Ministry 
of Health Welfare Industry Special Fund (201002011). We gratefully acknowledge all 
colleagues who participated in the CCGAS and the following cooperating hospitals: 
Xuanwu Hospital, Beijing Hospital, Beijing Institute of Geriatrics, General Hospital of 
PLA, Peking University Third Hospital, The First Affiliated Hospital of Xi’an Jiaotong 
University, Xijing Hospital of The Fourth Military Medical University, The First Affiliated 
Hospital of Harbin Medical University, West China Hospital of Sichuan University, First 
Affiliated Hospital of Chongqing Medical University, Xiangya Hospital of Central South 
University, The Third Xiangya Hospital of Central South University, and Ruijin Hospital of 
Shanghai Jiao Tong University School of Medicine.

Ethics approval and consent to participate: This study was approved by the ethics 
committee of Xuanwu Hospital, Capital Medical University (2011-27). Written informed 
consent was obtained from all study participants prior to study entry.

Conflict of interest statement: There are no ethical/legal conflicts involved in the 
article.

Open Access: This article is distributed under the terms of the Creative Commons 
Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), 
which permits use, duplication, adaptation, distribution and reproduction in any medium 
or format, as long as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons license and indicate if changes were made.

References
	
1.	 Tinetti ME, Fried TR, Boyd CM. Designing health care for the most common chronic 

condition--multimorbidity. JAMA 2012;307:2493-4.
 2.	 McPhail SM. Multimorbidity in chronic disease: impact on health care resources and 

costs. Risk Manag Healthc Policy 2016;9:143-56.
 3.	 Bahler C, Huber CA, Brungger B, Reich O. Multimorbidity, health care utilization and 

costs in an elderly community-dwelling population: a claims data based observational 
study. BMC Health Serv Res 2015;15:23.

 4.	 Garin N, Olaya B, Moneta MV, et al. Impact of multimorbidity on disability and 
quality of life in the Spanish older population. PLoS One 2014;9:e111498.

 5.	 Marengoni A, Angleman S, Melis R, et al. Aging with multimorbidity: a systematic 
review of the literature. Ageing Res Rev 2011;10:430-9.

 6.	 Macleod U, Mitchell E, Black M, Spence G. Comorbidity and socioeconomic 
deprivation: an observational study of the prevalence of comorbidity in general 
practice. Eur J Gen Pract 2004;10:24-6.

 7.	 Jih J, Stijacic-Cenzer I, Seligman HK, Boscardin WJ, Nguyen TT, Ritchie CS. Chronic 
disease burden predicts food insecurity among older adults. Public Health Nutr 
2018;21:1737-1742.

 8.	 Todd M. Managing chronic oedema in the morbidly obese patient. Br J Nurs 



A MULTICENTER STUDY OF MULTIMORBIDITY IN OLDER ADULT INPATIENTS IN CHINA

J Nutr Health Aging
Volume 24, Number 3, 2020

276

2009;18:1120-4.
 9.	 Mitsutake S, Ishizaki T, Teramoto C, Shimizu S, Ito H. Patterns of Co-Occurrence 

of Chronic Disease Among Older Adults in Tokyo, Japan. Prev Chronic Dis 
2019;16:E11.

10.	 Moin JS, Moineddin R, Upshur R. Measuring the association between marginalization 
and multimorbidity in Ontario,  Canada: A cross-sectional study. J Comorb 
2018;8:2235042X18814939.

11.	 Wang XX, Lin WQ, Chen XJ, et al. Multimorbidity associated with functional 
independence among community-dwelling older people: a cross-sectional study in 
Southern China. Health Qual Life Outcomes 2017;15:73.

12.	 Wang SB, D’Arcy C, Yu YQ, et al. Prevalence and patterns of multimorbidity in 
northeastern China: a cross-sectional study. Public Health 2015;129:1539-46.

13.	 Gu J, Chao J, Chen W, et al. Multimorbidity in the community-dwelling elderly in 
urban China. Arch Gerontol Geriatr 2017;68:62-67.

14.	 Wang HH, Wang JJ, Wong SY, et al. Epidemiology of multimorbidity in China 
and implications for the healthcare system: cross-sectional survey among 162,464 
community household residents in southern China. BMC Med 2014;12:188.

15.	 Lai F, Wong S, Yip B, et al. Multimorbidity in middle age predicts more subsequent 
hospital admissions than in older age: A nine-year retrospective cohort study of 
121,188 discharged in-patients. Eur J Intern Med 2019;61:103-111.

16.	 Gallacher KI, Batty GD, McLean G, et al. Stroke, multimorbidity and polypharmacy in 
a nationally representative sample of  1,424,378 patients in Scotland: implications for 
treatment burden. BMC Med 2014;12:151.

17.	 Salisbury C. Multimorbidity: redesigning health care for people who use it. Lancet 
2012;380:7-9.

18.	 Boyd C, Smith CD, Masoudi FA, et al. Decision Making for Older Adults With 
Multiple Chronic Conditions: Executive Summary for the American Geriatrics Society 
Guiding Principles on the Care of Older Adults With Multimorbidity. J Am Geriatr 
Soc 2019;67:665-673.

19.	 Ma L, Li Z, Tang Z, et al. Prevalence and socio-demographic characteristics of 
disability in older adults in China: Findings from China Comprehensive Geriatric 
Assessment Study. Arch Gerontol Geriatr 2017;73:199-203.

20.	 Lamarca R, Ferrer M, Andersen PK, Liestol K, Keiding N, Alonso J. A changing 
relationship between disability and survival in the elderly population: differences by 
age. J Clin Epidemiol 2003;56:1192-201.

21.	 Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epidemiology of 
multimorbidity and implications for health care, research, and medical education: a 
cross-sectional study. Lancet 2012;380:37-43.

22.	 Glynn LG, Valderas JM, Healy P, et al. The prevalence of multimorbidity in primary 
care and its effect on health care utilization and cost. Fam Pract 2011;28:516-23.

23.	 Naessens JM, Stroebel RJ, Finnie DM, et al. Effect of multiple chronic conditions 
among working-age adults. Am J Manag Care 2011;17:118-22.

24.	 Violan C, Foguet-Boreu Q, Hermosilla-Perez E, et al. Comparison of the information 
provided by electronic health records data and a population health survey to estimate 
prevalence of selected health conditions and multimorbidity. BMC Public Health 
2013;13:251.

25.	 Hu X, Huang J, Lv Y, Li G, Peng X. Status of prevalence study on multimorbidity of 
chronic disease in China: systematic review. Geriatr Gerontol Int 2015;15:1-10.

26.	 Salive ME. Multimorbidity in older adults. Epidemiol Rev 2013;35:75-83.
27.	 Rocca WA, Boyd CM, Grossardt BR, et al. Prevalence of multimorbidity in a 

geographically defined American population: patterns by age, sex, and race/ethnicity. 
Mayo Clin Proc 2014;89:1336-49.

28.	 Salisbury C, Johnson L, Purdy S, Valderas JM, Montgomery AA. Epidemiology and 
impact of multimorbidity in primary care: a retrospective cohort study. Br J Gen Pract 
2011;61:e12-21.

29.	 Wang HH, Wang JJ, Wong SY, et al. Epidemiology of multimorbidity in China 
and implications for the healthcare system: cross-sectional survey among 162,464 
community household residents in southern China. BMC Med 2014;12:188.

30.	 Violan C, Foguet-Boreu Q, Flores-Mateo G, et al. Prevalence, determinants and 
patterns of multimorbidity in primary care: a systematic review of observational 
studies. PLoS One 2014;9:e102149.

31.	 Schneider F, Kaplan V, Rodak R, Battegay E, Holzer B. Prevalence of multimorbidity 
in medical inpatients. Swiss Med Wkly 2012;142:w13533.

32.	 Rizza A, Kaplan V, Senn O, Rosemann T, Bhend H, Tandjung R. Age- and gender-
related prevalence of multimorbidity in primary care: the Swiss FIRE project. BMC 
Fam Pract 2012;13:113.

33.	 Chen ZH, Zhang M, Li YC, Huang ZJ, Wang LM. [Co-prevalence of chronic disease 
risk factors and influencing factors in floating population in China]. Zhonghua Liu 
Xing Bing Xue Za Zhi 2017;38:1226-1230.

34.	 van Oostrom SH, Picavet HS, van Gelder BM, et al. Multimorbidity and comorbidity 
in the Dutch population - data from general practices. BMC Public Health 
2012;12:715.

35.	 Prados-Torres A, Poblador-Plou B, Calderon-Larranaga A, et al. Multimorbidity 
patterns in primary care: interactions among chronic diseases using factor analysis. 
PLoS One 2012;7:e32190.

36.	 Yin P, Feng X, Astell-Burt T, et al. Spatiotemporal Variations in Chronic Obstructive 
Pulmonary Disease Mortality in China: Multilevel Evidence from 2006 to 2012. 
COPD 2016;13:339-44.

37.	 Liu W, Liu J, Song Y, et al. Mortality of lymphoma and myeloma in China, 2004-
2017: an observational study. J Hematol Oncol 2019;12:22.

38.	 Chen H, Chen Y, Cui B. The association of multimorbidity with healthcare 
expenditure among the elderly patients in Beijing, China. Arch Gerontol Geriatr 
2018;79:32-38.

39.	 Ma L, Zhang L, Tang Z, et al. Use of the frailty index in evaluating the prognosis 
of older people in Beijing:  A cohort study with an 8-year follow-up. Arch Gerontol 
Geriatr 2016;64:172-7.

40.	 Cheung J, Yu R, Wu Z, Wong S, Woo J. Geriatric syndromes, multimorbidity, and 
disability overlap and increase healthcare use among older Chinese. BMC Geriatr 
2018;18:147.

41.	 Zhang ZX, Zahner GE, Roman GC, et al. Socio-demographic variation of dementia 
subtypes in china: Methodology and results of a prevalence study in Beijing, Chengdu, 
Shanghai, and Xian. Neuroepidemiology 2006;27:177-87.

42.	 Vukovic D, Bjegovic V, Vukovic G. Prevalence of chronic diseases according to 
socioeconomic status measured by wealth index: health survey in Serbia. Croat Med J 
2008;49:832-41.

43.	 Walker AE. Multiple chronic diseases and quality of life: patterns emerging from a 
large national sample, Australia. Chronic Illn 2007;3:202-18.

44.	 Liu J, Ma J, Wang J, et al. Comorbidity Analysis According to Sex and Age in 
Hypertension Patients in China. Int J Med Sci 2016;13:99-107.

45.	 van den Akker M, Buntinx F, Metsemakers JF, Roos S, Knottnerus JA. 
Multimorbidity in general practice: prevalence, incidence, and determinants of 
co-occurring chronic and recurrent diseases. J Clin Epidemiol 1998;51:367-75.

46.	 Fortin M, Bravo G, Hudon C, Vanasse A, Lapointe L. Prevalence of multimorbidity 
among adults seen in family practice. Ann Fam Med 2005;3:223-8.

47.	 Mercer SW, Watt GC. The inverse care law: clinical primary care encounters in 
deprived and affluent areas of Scotland. Ann Fam Med 2007;5:503-10.

48.	 Li X, Cai L, Cui WL, et al. Association of socioeconomic and lifestyle factors with 
chronic non-communicable  diseases and multimorbidity among the elderly in rural 
southwest China. J Public Health (Oxf) 2019.

49.	 Forouzanfar MH, Alexander L, Anderson HR, et al. Global, regional, and national 
comparative risk assessment of 79 behavioural, environmental and occupational, and 
metabolic risks or clusters of risks in 188 countries, 1990-2013: a systematic analysis 
for the Global Burden of Disease Study 2013. Lancet 2015;386:2287-323.

50.	 Man IVA. Symptomatic BPH and hypertension: does comorbidity affect quality of 
life? Eur Urol 1998;34 Suppl 2:29-36; discussion 47.

51.	 Aung T, Bisognano JD, Morgan MA. Allergic respiratory disease as a potential 
co-morbidity for hypertension. Cardiol J 2010;17:443-7.

52.	 Prudenzano MP, Monetti C, Merico L, et al. The comorbidity of migraine and 
hypertension. A study in a tertiary care headache centre. J Headache Pain 2005;6:220-
2.

53.	 Wolf-Maier K, Cooper RS, Banegas JR, et al. Hypertension prevalence and blood 
pressure levels in 6 European countries, Canada, and the United States. JAMA 
2003;289:2363-9.

54.	 Dzudie A, Kengne AP, Mbahe S, Menanga A, Kenfack M, Kingue S. Chronic heart 
failure, selected risk factors and co-morbidities among adults treated for hypertension 
in a cardiac referral hospital in Cameroon. Eur J Heart Fail 2008;10:367-72.

55.	 Lukas A, Kumbein F, Temml C, Mayer B, Oberbauer R. Body mass index is the main 
risk factor for arterial hypertension in young subjects without major comorbidity. Eur J 
Clin Invest 2003;33:223-30.

56.	 Aarts S, Patel KV, Garcia ME, et al. Co-Presence of Multimorbidity and Disability 
with Frailty: An Examination of Heterogeneity in the Frail Older Population. J Frailty 
Aging 2015;4:131-8.

57.	 den Ouden ME, Schuurmans MJ, Mueller-Schotte S, Brand JS, van der Schouw YT. 
Domains contributing to disability in activities of daily living. J Am Med Dir Assoc 
2013;14:18-24.

58.	 Costa ESMD, Guimaraes HA, Trindade FE, Andreoni S, Ramos LR. Factors 
associated with functional loss in the elderly living in the city of Maceio, Northeastern 
Brazil. Rev Saude Publica 2011;45:1137-44.

59.	 Cheung J, Yu R, Wu Z, Wong S, Woo J. Geriatric syndromes, multimorbidity, and 
disability overlap and increase healthcare use among older Chinese. BMC Geriatr 
2018;18:147.




