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Abstract

particularly disease clusters.

Background: Previous studies have evaluated the association of multimorbidity with higher mortality, but epidemiologic
data on the association between the disease clusters and all-cause mortality risk are rare. We aimed to examine the
relationship between multimorbidity (number/ cluster) and all-cause mortality in Chinese older adults.

Methods: We conducted a population-based study of 50,100 Chinese participants. Multiple logistic regression analysis
was used to estimate the impact of long-term conditions (LTCs) on all-cause mortality.

Results: The prevalence of multimorbidity was 31.35% and all-cause mortality was 8.01% (50,100 participants). In adjusted
models, the odds ratios (ORs) and 95% confidence intervals (Cls) of all-cause mortality risk for those with 1, 2, and = 3
LTCs compared with those with no LTCs was 145 (1.32-1.59), 1.72 (1.55-1.90), and 2.15 (1.85-2.50), respectively (Pyend <
0.001). In the LTCs 22 category, the cluster of chronic diseases that included hypertension, diabetes, CHD, COPD, and
stroke had the greatest impact on mortality. In the stratified model by age and sex, absolute all-cause mortality was
higher among the 275 age group with an increasing number of LTCs. However, the relative effect size of the increasing
number of LTCs on higher mortality risk was larger among those < 75 years.

Conclusions: The risk of all-cause mortality is increased with the number of multimorbidity among Chinese older adults,
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Background

Aging around the world poses a global challenge, previ-
ous studies have reported that thousands of persons turn
65 years old every day [1]. To our knowledge, China has
the largest population base in the world, and the propor-
tion of the elderly population is also increasing year by
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year. In 2009, the number of Chinese people aged 65 or
above had reached 113,09 million, accounting for 8.5%
of the total population. By 2019, the population aged 65
and above in China reached 176.03 million, accounting
for 12.6% of the total population. In 10 years, the popu-
lation increased by 55.65%, which means that China is
aging at an unprecedented rate [2]. The phenomenon of
ageing has led to a substantial increase in chronic condi-
tions, which consequently results in a rising prevalence
of multimorbidity, most commonly described as the
presence of two or more long-term conditions (LTCs)
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[3]. Studies have found that multimorbidity leads to poor
quality of life [4], increased use of inpatient and ambula-
tory greater health care [5, 6], greater complexity regard-
ing of clinical treatment and patient management [7, 8],
and more importantly, an increase in mortality [9, 10].
For example, previous studies, mainly based on the UK
population, had suggested that the all-cause mortality
rate for people with multimorbidity was 4.74% [11].
Thus, the management of multimorbidity has become a
public health priority for public health care professionals
and health care systems [7, 12].

The study found that hypertension, diabetes, stroke,
heart disease, chronic respiratory disease and cancer are
among the most common types of multimorbidity and
are the most common causes of long-term disability and
premature mortality worldwide [13-16]. As a result of
the change of healthy lifestyle and the progress of med-
ical level, the mortality rate from multimorbidity such as
heart disease and cancer has been significantly reduced
in high-income countries [17, 18], whereas rates of mor-
tality caused by multimorbidity are rising rapidly in low-
and middle-income countries, posing a serious social
burden [19].

Thus, a better understanding of the epidemiology of
multimorbidity is necessary to develop interventions to
reduce the burden of death. However, the relationship
between multimorbidity (number/cluster) and all-cause
mortality has not been well described in the Chinese
population. Therefore, we designed a retrospective co-
hort study to explore the relationship in Chinese older
adults.

Methods

Study design and participants

The present study was based on an annual health examin-
ation dataset in the Xinzheng electronic health Manage-
ment Center. The annual health examination program is
part of the National Basic Public Health Service program,
which is led and organized by Xinzheng Municipal Health
Committee. Xinzheng CDC, township health centers and
community health service centers of Xinzheng are respon-
sible for the organization and implementation of the sur-
vey. From January 1, 2014 to November 15, 2019, a total
of 84,353 (81.3%) participants were successfully followed
up. We excluded participants with age <65 at baseline
(n=31,900), or missing data for date of birth and gender
at baseline (n =2353). A total of 50,100 individuals were
included in the main analysis (Supplemental File 1: Figure
S1). The study was approved by the Ethics Committee of
Zhengzhou University (Reference Number: ZZUIRB2019—
019), and written informed consent was obtained from all
participants. The research team obtained a license to use
the data, which was granted by the Xinzheng Municipal
Health Committee.

Page 2 of 8

Data collection

A standardized questionnaire was used by trained re-
search staff under stringent quality control to collect in-
formation. Marital status was categorized as living with
partner and without partner. Smokers were defined as
ever smoking at least 100 cigarettes in their lifetime and
classified as nonsmokers and previous/current smokers
[20]. Alcohol consumption was divided into three cat-
egories: never, occasionally or daily. Physical activity was
a categorical variable based on the self-reporting and
classified as never, occasionally or daily. The measure-
ments for height and weight were performed with the
subjects wearing light clothing without shoes [21]. Blood
pressure was measured by an automatic sphygmoman-
ometer (Omron HEM-7125, Kyoto, Japan) after subjects
had rested in a seated position for at least 5 min, and the
mean value was recorded when the subjects were mea-
sured three times [22]. Blood samples were obtained
after an overnight fast of at least 8 h to assess levels of
fasting plasma glucose (FPG) using an automatic bio-
chemical analyzer (DIRUI CS380, Changchun, China)
[22]. In this study, diabetes was defined as fasting glu-
cose levels >7.0 mmol/L and/or current treatment with
anti-diabetes medication according to the China guide-
line for T2DM [23]. Hypertension was defined as posi-
tive for participants who were considered hypertensive
with systolic blood pressure (SBP) =140 mmHg or dia-
stolic blood pressure (DBP) >90 mmHg or current use of
antihypertensive medication [24]. Body mass index
(BMI) was calculated as weight (kg) divided by height
squared (m?), which was classified based on the WHO
classification criteria into underweight (< 18.5kg/m?),
desirable (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/
m?), obesity class I (30.0-34.9 kg/m?), obesity class II
(35.0-39.9 kg/m?), and obesity class III (240.0 kg/m?)
[25]. Information on the 7 chronic conditions diagnosed
by a physician or reported by the study participants was
recorded: (1) hypertension, (2) diabetes, (3) coronary
heart disease (CHD), (4) stroke, (5) chronic obstructive
pulmonary disease (COPD), (6) cancer, and (7) mental
system disease. Multimorbidity was classified based on
number of chronic conditions into no LTCs, 1 LTC, 2
LTCs, and >3 LTCs.

Outcome definition

The main outcome was death from any cause as of
November 15, 2019. The date and cause of death for the
study subjects was obtained from the local CDC’s cause
of death reporting system, and the cause of death was
determined by medical records and death certificates.
The International Classification of Diseases, 10th Edition
(ICD-10) diagnostic codes were used to classify deaths
as those caused by cardiovascular disease (ICD-10 codes
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120-125 and 160-169), cancer (ICD-10 codes C00-C97) or
other causes [26].

Statistical analysis

All quantitative variables are described using the median
(interquartile range [IQR]) for skewed distribution, and
qualitative variables are expressed as frequency (%). Mul-
tiple logistic regression analysis was used to estimate
odds ratios (ORs) and 95% confidence intervals (Cls) for
risk of all-cause mortality by groups of LTC categories.
With no LTCs as the reference group, we constructed
three multivariate-adjusted logistic regression models:
model 1 was adjusted for age, sex and marital status;
model 2 was adjusted for model 1 plus smoking status,
alcohol status and physical activity; and model 3 was fur-
ther adjusted for BMI. In order to understand the pat-
tern and effect of multimorbidity, we further analyzed
the common disease cluster in older adults. A log likeli-
hood ratio test for multiplicative interaction showed that
age (< 75/275 years) at baseline modified the association
of LTCs and risk of all-cause mortality (p-interaction <
0.05). For subgroup analyses, we stratified participants
by age and sex at baseline. In addition, sensitivity ana-
lysis was performed in two cases: the first was in a popu-
lation whose LTCs was defined by the medical
examination diagnostic record at study baseline and not
including self-reported history, and the second was in-
cluded in the model analysis using BMI classification cri-
teria for Asian adults [27].

Finally, to express the impact of multimorbidity on
risk of all-cause mortality in the participants, we esti-
mated the population attributable risk percent (PAR%)
and the number needed to screened (NNBS). PAR% was
estimated as (I, - I)/[*100%, in which [; is the mortality
rate in the population and I is the mortality rate in the
non-multimorbid group [28]. NNBS was estimated as 1/
(I, - Ip), in which I, is the mortality rate in the multimor-
bid group and I, is the mortality rate in the non-
multimorbid group [29].

Statistical analyses were performed using SAS 9.1 (SAS
Institute, Cary, NC, USA), the forest plot was performed
by GraphPad Prism 8, and the level of significance was
considered at P < 0.05 (two-tailed).

Results

The baseline characteristics of study participants with
the four LTC groups are presented in Table 1. A total of
4012 (8.01%) of the 50,100 participants died. The me-
dian age at baseline was 69.18 years (range 65-106
years), and 53.87% of the population was female. The
proportion of participants with 0, 1, 2, and 3 or more
LTCs was 12,334 (24.62%), 22,060 (44.03%), 12,866
(25.68%), and 2840 (5.67%), respectively. In addition, the
prevalence of multimorbidity in female was higher than
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in male (67.47% vs 63.58%). The most frequent diseases
in participants with 3 or more LTCs were hypertension
(98.87%), CHD (89.65%), and diabetes (88.59%).

The median follow-up was 4.72 years (IQR: 3.06—4.99).
The all-cause mortality rates were substantially greater
with the increase in LTC count. During 205,022.95
person-years of follow-up, the mortality rates (per 1000
person-years) were 15.92, 19.83, 21.18, and 24.80 in the
no LTCs,1 LTC, 2 LTCs, and =3 LTCs groups, respect-
ively. The number of LTCs at baseline had a significant
association with all-cause mortality observed in the three
models (Table 2). The adjusted ORs (95% Cls) for all-
cause mortality in participants with 1, 2, and >3 LTCs
compared with those with no LTCs were 145 (1.32—
1.59), 1.72 (1.55-1.90), and 2.15 (1.85-2.50), respectively
(P trena <0.001). We found that 10.44% in participants
with all-cause mortality could be described as excessive
incidence attributable to multimorbidity. In theory, we
found that 299 cases with multimorbidity would need to
be avoided in order to reduce the death for one person
(Supplemental File 1: Table S1).

In the study, we assessed the impact of 16 different
disease clusters of 7 chronic diseases on the risk of all-
cause mortality, as shown in Table 3. In the LTCs =2
category, the cluster of hypertension + diabetes (OR
1.89, 95% CI 1.67-2.13), hypertension + CHD (OR 1.44,
95% CI 1.26—-1.64), hypertension + stroke (OR 2.41, 95%
CI 1.75-3.32), hypertension + COPD (OR 3.02, 95% CI
2.12-4.31), CHD + COPD (OR 2.02, 95% CI 1.03-3.95),
and diabetes + COPD (OR 4.04, 95% CI 1.29-12.71) had
significant effects on mortality. For those clusters with 3
diseases and 4 diseases, six different clusters had signifi-
cant effects on all-cause mortality. Hypertension appears
most frequently in disease clusters.

The analysis of all-cause mortality for multimorbidity
stratified by age and sex is shown in Fig. 1. In the
multivariable-adjusted models, the absolute mortality rate
was higher for the age group >75 years, but the relative risk
for all-cause mortality were higher for the age group <75
years. Furthermore, compared to participants with no LTCs
in the age group < 75 years, participants with >3 LTCs had
the highest relative risk of all-cause mortality (OR 2.55, 95%
CI 1.92-3.40 for males and OR 2.54, 95% CI 1.84-3.51 for
females). The observed mortality risk was similar for both
female and male in the same age group. In addition, we
found that being older, living without partner, and being
underweight had a higher risk of mortality. In contrast, par-
ticipants who were female, overweight, class I obesity, and
physical activity had a significantly lower adjusted risk of
all-cause mortality (Supplemental File 1: Table S2). The re-
sults of sensitivity analysis yielded similar findings as our
main results: as compared with no LTCs, the risk of all-
cause mortality increased with increasing number of LTCs.
(Supplemental File 1: Table S3, Table S4 and Table S5).
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Table 1 Relationship of multimorbidity with demographics and health-related behaviour at baseline

No LTCs
N=12,334 (24.62%)

1LTC

N =22,060 (44.03%)

Over all
N=50,100

2 LTCs
N=12,866 (25.68%)

>3 LTCs
N = 2840 (5.67%)

Age; missing values n=0
Age in years-median (IQR)  68.85 (65.95-75.04)

Sex; missing values n=0
Male 10437 (47.31)

Female 5940 (48.16) 11,623 (52.69)

6394 (51.84)
Marital status; missing values n =140 (0.28%)
9852 (80.11)
2446 (19.89)

Smoking status; missing values n =614 (1.24%)

17,180 (78.09)
4821 (21.91)

Living with partner

Living without partner

Never 10,171 (84.50) 18402 (84.31)

Current or previous 1865 (15.50) 3425 (15.69)
Alcohol status; missing values n =767 (1.55%)

Never 11,224 (93.53) 20,243 (93.02)

Occasionally 499 (4.16) 931 (4.28)

Daily 278 (2.32) 589 (2.71)

Physical activity; missing values n =723 (1.46%)

Never 8404 (69.78) 13,860 (63.71)
Occasionally 1085 (9.01) 2351 (10.81)
Daily 2554 (21.21) 5543 (25.48)
BMI; missing values n=1323 (2.71%)
<185 336 (2.82) 407 (1.90)
18.5-24.9 8091 (68.00) 11,943 (55.62)
25-299 3129 (26.30) 7612 (35.45)
30-34.9 324 (2.72) 1378 (6.42)
35-399 15 (0.13) 122 (0.57)
=40 3(0.03) 11 (0.05)
Chronic conditions
Hypertension 0 (0.00) 17,057 (77.32)
Diabetes 0 (0.00) 2242 (10.16)
CHD 0 (0.00) 2420 (10.97)
Stroke 0 (0.00) 77 (0.35)
COPD 0 (0.00) 157 (0.71)
Tumour 0 (0.00) 18 (0.08)
Mental disorders 0 (0.00) 79 (0.36)

69.35 (65.98-75.69)

69.20 (65.95-7542) 69.15 (65.88-75.19)  69.18 (65.96-75.46)
5244 (40.76)

7622 (59.24)

1034 (36.41)
1806 (63.59)

23,109 (46.13)
26,991 (53.87)
10,117 (78.88)

2215 (78.13) 39,364 (78.79)

2709 (21.12) 620 (21.87) 10,596 (21.21)
11,122 (86.94) 2475 (87.46) 42,170 (85.21)
1671 (13.06) 355 (12.54) 7316 (14.78)
11,903 (933) 2634 (93.40) 46,004 (93.25)
490 (3.84) 107 3.79) 2027 (4.11)
356 (2.79) 79 (2.80) 1302 (2.64)
7678 (60.18) 1676 (5941) 31,618 (64.03)
1434 (11.24) 306 (10.85) 5176 (10.48)
3647 (28.58) 839 (29.74) 12,583 (25.48)
173 (1.37) 34 (1.22) 950 (1.95)
5833 (46.24) 1215 (43.53) 27,082 (55.52)
5306 (42.06) 1187 (42.53) 17,234 (35.33)
1175 (9.31) 316 (11.32) 3193 (6.55)
114 (0.90) 36 (1.29) 287 (0.59)

14 (0.11) 3001 31 (0.06)

12,162 (94.53)
6962 (54.11)

2808 (98.87)
2516 (88.59)

32,027 (63.93)
11,720 (23.39)

5714 (44.41) 2546 (89.65) 10,680 (21.32)
424 (3.30) 425 (14.96) 926 (1.85)
352 (2.74) 266 (9.37) 775 (1.55)

22 (0.17) 17 (0.60) 57 (0.11)

93 (0.72) 81 (2.85) 253 (0.50)

LTCs Long-term conditions, /QR Interquartile range, BMI Body mass index, CHD Coronary heart disease, COPD Chronic obstructive pulmonary disease

Discussion

This cohort study demonstrated a positive association of
multimorbidity with all-cause mortality. The results
from sensitivity analyses were robust. In the LTCs >2
category, the chronic disease cluster that included hyper-
tension, diabetes, CHD, COPD, and stroke had signifi-
cant effects on all-cause mortality. In addition, we found
a higher absolute mortality rate among those >75 years,

but the relative magnitude of the effect on mortality risk
was greater among those < 75 years.

The higher all-cause mortality risk among participants
with 1, 2, and > 3 LTCs found in this study is consistent
with previous studies that have focused on older adults
[30, 31]. The study of Martinez-Gomez et al. observed
significant upward trends with 1 LTC (HR 1.26), 2 LTC
(HR 1.78), and>3 LTC (HR 2.27) than those without
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Table 2 Multimorbidity and all-cause mortality

No LTCs 1LTC 2 LTCs >3 LTCs P trend
No. of deaths 760 1809 1146 297
No. of person-years 47,741.92 91,206.57 54,098.89 1197557
“Mortality rate 15.92 19.83 2118 24.80

OR (95% Cl) OR (95% Cl) OR (95% CI)

PModel1 Reference 1.35(1.23,147) 1.56 (142,1.72) 1.96 (1.69,2.27) <0.001
“Model2 Reference 139 (1.27,1.53) 1.63 (1.47,1.80) 2.04 (1.76,2.36) <0.001
IModel3 Reference 145 (1.32,1.59) 1.72 (1.55,1.90) 2.15(1.85,2.50) <0.001

LTCs Long-term conditions, OR denotes odds ratio and 95% C/ denotes 95% confidence interval

#Per 1000 person-years

PModel 1 is adjusted for age (< 75 or > 75), sex (female or male) and marital status (living with partner or living without partner)
“Model 2 is adjusted for covariates in model 1 plus smoking status (never, current or previous), alcohol status (never, occasionally or daily) and physical activity

(never, occasionally or daily)

4Model 3 is adjusted for covariates in model 2 plus body mass index (< 18.5, 18.5-24.9, 25-29.9, 30-34.9, 35-39.9 or > 40)

LTC [30]. Similarly, similar results were observed by
Nunes et al. [10]. And we also found that disease clus-
ters were most strongly associated with all-cause mor-
tality relative to the number of multimorbidity alone,
whereas previous studies mainly focused on the role of
a single disease in death, such as diabetes [32]. More-
over, the present study found that hypertension was the
most frequent occurrence, with presence in 11 of the
16 different disease clusters, suggesting that there may
be a potential link between hypertension and a variety
of chronic diseases. However, a large sample of

participants aged 40 to 69years study based on 36
chronic conditions showed that conditions such as
hypertension, diabetes, and asthma were at the center
of common multimorbidity [16]. These findings suggest
there is a need for more research to explore the links
between chronic diseases and their possible interac-
tions, which is of great significance for the guidance
and treatment of multimorbidity, and also provides a
theoretical basis for the formulation of health manage-
ment measures and allocation of medical resources for
the elderly population to some extent.

Table 3 The most impactful LTCs combinations in stratified logistic regression analysis for mortality, for different multimorbidity

categories (based on LTC count)

Categories No. of deaths

No. of person-years

Mortality rate® Adjustedb OR (95% Cl)

2 LTCs (Total number of deaths N=1146)

Hypertension + diabetes 570 26,753.84 2131 1.89 (1.67,2.13)
Hypertension + CHD 416 21,575.80 19.28 44 (1.26,1.64)
Hypertension + stroke 58 1581.35 36.68 241 (1.753.32)
Hypertension + COPD 44 992.24 4434 3.02 (2124.31)
Diabetes + CHD 28 2162.11 12.95 1.15(0.77,1.72)
CHD + COPD 1 31292 3515 2.02 (1.03,3.95)
Hypertension + Mental disorders 8 28427 28.14 2.08 (0.92,4.70)
Diabetes + COPD 4 89.62 44.63 404 (1.2912.71)
3 LTCs (Total number of deaths N=279)
Hypertension + diabetes + CHD 188 8849.08 21.25 1.90 (1.59,2.27)
Hypertension + diabetes + stroke 29 660.92 4388 348 (2.29,5.28)
Hypertension + stroke + CHD 17 652.11 26.07 2.09 (1.23,3.54)
Hypertension + CHD + COPD 17 477.75 35.58 2.57 (1.50,4.41)
Hypertension + diabetes + COPD 9 29451 30.56 44 (1.16,5.11)
4 LTCs (Total number of deaths N=18)
Hypertension + diabetes +stroke + CHD 9 27478 3275 3.18 (1.52,6.65)

All predictors entered individually in separate models using No LTC group as the reference category
LTCs Long-term conditions, CHD Coronary heart disease, COPD Chronic obstructive pulmonary disease, OR (95% Cl) Odds ratio and 95% confidence interval
2per 1000 person-years; ®Adjusted for age, sex, marital status, smoking status, alcohol status, physical activity, and body mass index (< 18.5, 18.5-24.9, 25-29.9,

30-34.9, 35-39.9 or > 40) at baseline
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Age and .Sex LTC count No. of No. of Mortality rate* Adjusted**
categories deaths  person-years OR (95% CI)
Age 65-74;  No LTCs N=4,319 97 16,547.67 5.86 Reference
Female 1 LTC N=8,230 277 3327117 8.33 — 1.59 (1.25,2.03)
N=DA4 2 LTCs N=5,549 263 22,932.72 1147 — 2.26 (1.76,2.89)
>3 LTCs N=1,344 7 5,548.71 12.80 —_— 2.54 (1.84,3.51)
Age 65-74;  No LTCs N=4,914 211 19,073.93 11.06 Reference
Male 1 LTC N=7,806 4 31,539.72 14.93 —— 1.53 (1.28,1.81)
N=17,420 2 LTCs N=3,925 250 16,068.68 15.56 . 1.68 (1.38,2.04)
>3 LTCs N=775 75 3,188.63 23.52 —_— 2.55 (1.92,3.40)
Age >75; No LTCs N=1,621 184 6,311.49 29.15 Reference
Female 1 LTC N=3,393 525 14,902.50 35.23 — 1.56 (1.29,1.87)
N=7549 2 LTCs N=2,073 326 9,256.15 35.22 —— 1.64 (1.34,2.01)
>3 LTCs N=462 79 2,126.99 37.14 — 1.79 (1.33,2.41)
Age >75; NoLTCsN=1,480 268 5,814.83 46.09 Reference
Male 1 LTC N=2,631 536 11,493.18 46.64 - 1.25 (1.06,1.48)
N=5,689 2 LTCs N=1,319 307 5,841.34 52.56 —— 1.56 (1.29,1.89)
>3 LTCs N=259 72 1,111.24 64.79 —_— 2.05 (1.50,2.80)
051.01.52.0253.03.54.0
Fig. 1 All-cause mortality for multimorbidity stratified by age and sex, and adjusted for marital status, smoking status, alcohol status, physical
activity, and body mass index. One asterisk Per 1000 person-years; Two asterisks adjusted for marital status, smoking status, alcohol status, physical
activity, and body mass index levels at baseline

A prospective population-based cohort study of Eng-
land people aged 37 to 73 years shown that participants
aged 37-49 years with >4 LTCs had the highest relative
risk of all-cause mortality [11]. And we found that the
association on risk of all-cause mortality with an increas-
ing number of LTCs was particularly evident among
younger age groups (<75 vs=75years old), which not
only fills in the gap of the age of participants, but also is
basically consistent with the trend of previous studies.
This study found that female had a higher prevalence of
multimorbidity than male, which was consistent with
previous findings [33, 34]. However, the observed magni-
tude of mortality effect size was similar for both female
and male. Potential explanations for the phenomenon
are that females are generally more sensitized to their
health [34], more likely to report more conditions [35],
and more likely to engage in preventive health behavior
[36]. These findings suggest the need for early interven-
tion to manage and prevent chronic diseases and to re-
duce the prevalence of multiple diseases as much as
possible.

Studies have shown that the causes of death from mul-
timorbidity can be attributed to 4 major underlying risk
factors: smoking, alcohol consumption, underweight,
and physical inactivity [11, 37]. While previous studies
found that smoking was a risk factor for all-cause mor-
tality [11], our results found no statistically significant
difference, which is possibly explained by the quitter bias
(people may stop smoking because they are in poor
health and may be advised not to continue). The results
of the risk study on alcohol consumption were basically
consistent with the results of Ortold et al., which showed

that there was no statistically significant difference in
mortality between light-to-moderate alcohol consump-
tion and no alcohol consumption among people over 60
years old [38]. As well, we found the greater all-cause
mortality risk among persons with underweight (BMI <
18.5kg/m?) in this study, which agreed with previous
studies [21, 39, 40]. In addition, this study suggests that
physical activity is associated with a lower mortality risk,
and the underlying mechanism behind this finding may
be that physical activity delays disease progression by
preventing many chronic diseases, including diabetes,
cardiovascular and respiratory diseases, and some types
of cancer [41]. Therefore, once any of these chronic con-
ditions is diagnosed, physical activity is often incorpo-
rated into treatment plans to improve quality of life and
survival [30, 41, 42].

Our study has several strengths. First, the determin-
ation of chronic diseases was relatively accurate and
comprehensive, including the self-reported condition of
participants and the diagnosis made by the physician
based on the professional comprehensive examination.
Second, our study was also novel in that we explored
disease clusters that were associated with the highest
risk of death. In addition, it is more convincing to assess
the relationship between multimorbidity and all-cause
mortality based on a large sample size. Finally, the main
results remained robust after conducting sensitivity ana-
lyses. However, the study has some limitations. Since we
included only seven chronic diseases registered at base-
line, some other diseases associated with older people
such as hyperlipidemia and arthritis could not be taken
into account, which may underestimate the prevalence
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of many diseases in this study, and there was no way to
estimate the severity of chronic diseases as well. Another
restriction is that our participants were people over 65
years, which should caution generalizing our findings to
younger age groups. In addition, although we adjusted
for various covariates, there is still a possibility of re-
sidual confounding, such as diet factors. Last, recall bias
is unavoidable in self-reported information.

Conclusion

Our findings suggest an increased risk of all-cause mor-
tality with an elevated number of multimorbidity, par-
ticularly disease clusters, which provides scientific basis
for the treatment, prevention and control of the multi-
morbidity, and has important public health significance
in guiding the rational allocation of medical and health
resources.
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