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Abstract
Background 　 The population aging process is accelerating, and health issues
among middle-aged and elderly individuals are becoming increasingly prominent.
Chronic disease multimorbidity seriously threatens the health and quality of life
of middle-aged and elderly populations, hindering the progress of the Healthy
China Initiative. Investigating its relationship with social determinants of health
has positive significance. Objective 　 To understand the status of chronic dis-
ease multimorbidity and social determinants of health among middle-aged and
elderly people in Ningxia, analyze the association between social determinants
of health and chronic disease multimorbidity in this population, and provide
references for health management and intervention strategies for middle-aged
and elderly patients with chronic disease multimorbidity. Methods 　 Using a
multi-stage stratified random sampling method, health-related data were col-
lected from 1,997 middle-aged and elderly individuals in 10 districts/counties of
Shizuishan, Yinchuan, and Guyuan cities in Ningxia between June 27, 2022 and
August 27, 2022. The Apriori algorithm was applied to analyze multimorbid-
ity patterns among middle-aged and elderly people in the Ningxia region, and
unconditional logistic regression analysis was used to explore the association be-
tween chronic disease multimorbidity and social determinants of health in this
population. Results 　 Among middle-aged and elderly people in the Ningxia re-
gion, 418 individuals had multimorbidity, with a chronic disease multimorbidity
rate of 20.9%. The association rule results showed 14 multimorbidity patterns, of
which 11 were related to coronary heart disease, 9 were related to hypertension,
and 9 were related to diabetes. The unconditional logistic regression analysis
results indicated that middle-aged and elderly individuals aged $�$60 years, with
2–3 children, with established family health records, with retired or unemployed
work status, and with resident pension insurance had higher rates of chronic
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disease multimorbidity (P<0.05). Those with nighttime sleep duration of 7–8
hours and >8 hours, and with college-level education or above had lower rates of
chronic disease multimorbidity (P<0.05). Conclusion 　 The influencing factors
of chronic disease multimorbidity among middle-aged and elderly individuals
involve various aspects at the individual, community, and societal levels. It is
recommended to intervene with chronic disease multimorbidity patients from
multiple dimensions to improve population health levels.
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Abstract

Background: With the acceleration of population aging, the health problems
of middle-aged and elderly people have become increasingly prominent. Chronic
comorbidities seriously threaten the health and quality of life of middle-aged and
elderly individuals, hindering the progress of the Healthy China Initiative. Ex-
ploring the relationship between chronic comorbidities and social determinants
of health is of positive significance.

Objective: To understand the prevalence of chronic comorbidities and the
status of social determinants of health among middle-aged and elderly people in
Ningxia, and to analyze the association between social determinants of health
and chronic comorbidities, so as to provide reference for health management
and intervention strategies for this population.

Methods: A multi-stage stratified random sampling method was used to in-
vestigate health-related data from 1,997 middle-aged and elderly individuals in
10 districts/counties of Shizuishan City, Yinchuan City, and Guyuan City in
Ningxia from June 27, 2022, to August 27, 2022. The Apriori algorithm was
applied to analyze comorbidity patterns, and unconditional Logistic regression
analysis was used to explore the association between chronic comorbidities and
social determinants of health.

Results: Among the participants, 418 individuals had chronic comorbidities,
yielding a prevalence rate of 20.9%. Association rule analysis identified 14 comor-
bidity patterns, of which 11 were related to coronary heart disease, 9 to hyper-
tension, and 9 to diabetes. Unconditional Logistic regression analysis revealed
that age $�$60 years, having 2-3 children, established family health records, re-
tired or unemployed status, and resident pension insurance were associated with
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higher rates of chronic comorbidities (P<0.05). In contrast, nighttime sleep du-
ration of 7-8 hours or >8 hours, and education level of college or above were
associated with lower rates of chronic comorbidities (P<0.05).

Conclusion: The influencing factors of chronic comorbidities among middle-
aged and elderly people involve individual, community, and social dimensions.
Multidimensional interventions for patients with chronic comorbidities are rec-
ommended to improve population health.
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Introduction
The“Healthy China 2030”Planning Outline indicates that deaths due to chronic
diseases already account for 85% of total mortality, making chronic disease man-
agement the primary task for improving national health[1]. Due to their com-
plex etiology, insidious onset, long course, and low cure rates, chronic diseases
often lead to patients suffering from multiple conditions simultaneously[2]. The
WHO defines this as chronic comorbidity—an individual having two or more
chronic non-communicable diseases[3]. Studies show that over one-quarter of
Singapore’s population has chronic comorbidities, with 50% among those aged
60 and above[4]. By 2020, 157 million people in the United States had one or
more chronic diseases[5]. In the UK, the chronic comorbidity rate was 54% in
2015, projected to increase to 67.8% by 2035[6]. In China, approximately 180
million elderly people have chronic diseases, with over one-third having two or
more chronic conditions[7-8].

Chronic comorbidities have seriously impacted population health and hindered
the progress of the Healthy China Initiative. In the 1940s, the WHO proposed
that “health is a state of complete physical, mental, and social well-being,”
laying the ideological foundation for the Social Determinants of Health (SDH)
theory. SDH represents the root causes determining people’s health and disease,
encompassing all social environmental characteristics from birth, growth, living,
working to aging[9]. Galea et al.[10] believe that SDH is inextricably linked to
human health outcomes. Based on this, our study examines the influencing fac-
tors and patterns of chronic comorbidities from an SDH perspective, aiming to
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provide reference for health management and intervention measures for patients
with chronic comorbidities.

Methods
Data Source

This study utilized data from the Ningxia Natural Science Foundation Project—
“Research on the Impact Mechanism of Disease Economic Burden and Economic
Risk for Chronic Disease Residents”(2022AAC03212). A multi-stage stratified
random sampling method was employed to conduct questionnaire surveys in
10 districts/counties of Shizuishan City, Yinchuan City, and Guyuan City in
Ningxia from June 27, 2022, to August 27, 2022. The sample size was calcu-
lated using the formula: n = Z𝛼2 × p(1-p)/d2 × deff, where 𝛼=0.05, Z𝛼=1.96,
d=5% (sampling error), and p=0.2455 (the incidence of catastrophic health ex-
penditure in Ningxia chronic disease households in 2015[11]). The calculated
total sample size was 1,710. Considering potential invalid questionnaires, 2,000
questionnaires were distributed, yielding 1,997 valid questionnaires (99.85% re-
sponse rate).

Inclusion criteria: (1) age $�$45 years; (2) local residence $�$6 months; (3)
no understanding or communication barriers; (4) signed informed consent and
voluntary participation. After systematic review, 12 chronic diseases were in-
cluded: hypertension, diabetes, coronary heart disease, hyperlipidemia, liver
disease, stroke, arthritis or rheumatism, malignant tumor, chronic obstructive
pulmonary disease, stomach or digestive system disease, lumbar spine disease,
and memory-related diseases. This study was approved by the Ningxia Medical
University Ethics Review Committee (Ethics No. 2021-1397).

Variables

Dependent variable: The occurrence of chronic comorbidities was included
as the dependent variable. Non-comorbid patients were assigned a value of 0,
and comorbid patients were assigned a value of 1. Individuals with $�$2 chronic
diseases were defined as having chronic comorbidities; those with only one or no
chronic disease were defined as non-comorbid.

Independent variables: Based on the SDH model, five dimensions were es-
tablished. The first dimension represents individual genetics, with variables in-
cluding sex and age. The second dimension represents individual behavior and
lifestyle, including smoking status, alcohol consumption, nap duration, night-
time sleep duration, and weekly exercise frequency. The third dimension rep-
resents social and community influences, including number of children, marital
status, and whether a health record was established. The fourth dimension rep-
resents social structural factors, including average monthly household income,
education level, living situation, employment status, and residential area. The
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fifth dimension represents macro socioeconomic, cultural, and environmental
factors, with pension insurance type as the variable.

Following WHO definitions, 45-59 years was defined as middle-aged and $�$60
years as elderly. Based on self-reported times and WHO recommendations for
optimal nap and nighttime sleep duration, nap time was categorized as <30 min,
30-60 min, and >60 min, while nighttime sleep duration was categorized as <7
h, 7-8 h, and >8 h[12-13].

Statistical Analysis

Data were processed using Microsoft Excel and imported into SPSS 25.0 for
analysis. Normally distributed measurement data were expressed as (x̄±s), and
count data were expressed as percentages. Inter-group comparisons used �2
tests or Fisher’s exact test. Unconditional Logistic regression analysis was
used to explore the relationship between SDH and chronic comorbidities among
middle-aged and elderly people in Ningxia, with P<0.05 considered statistically
significant. The Hosmer-Lemeshow goodness-of-fit test was used to assess model
fit. The Apriori algorithm was applied to analyze comorbidity patterns among
middle-aged and elderly people in Ningxia. The Apriori algorithm uses prior
knowledge of frequent itemset properties and a layer-by-layer search iteration
method to explore (K+1)-itemsets using K-itemsets, exhaustively identifying
all frequent itemsets in the dataset and reflecting associations between different
items. Support, confidence, and lift are commonly used metrics[14]:

• Support: Support(A→B) = Num(A�B)/W = P(A�B), representing the
probability of A and B occurring simultaneously in database W. Higher
support indicates more important association rules.

• Confidence: Confidence(A→B) = Support(A→B)/Support(A) =
P(B|A), representing the proportion of cases where A and B occur
simultaneously among cases where only A occurs. Higher confidence
indicates more credible association rules.

• Lift: Lift(A→B) = P(B|A)/P(B), representing the ratio of the conditional
probability of B occurring given A to the unconditional probability of B.
Lift reflects the correlation between A and B in the association rule; when
lift >1 and higher, it indicates stronger positive correlation of A→B.

Results
Basic Characteristics of Middle-aged and Elderly People in Ningxia

Among the 1,997 included participants, 418 had chronic comorbidities, yielding
a prevalence rate of 20.9%, while 1,579 did not have comorbidities. The sample
included 989 males, of whom 205 (20.7%) had chronic comorbidities with a mean
age of 67.09$±9.88𝑦𝑒𝑎𝑟𝑠, 𝑎𝑛𝑑784(79.3±10.58𝑦𝑒𝑎𝑟𝑠.𝐴𝑚𝑜𝑛𝑔1, 008𝑓𝑒𝑚𝑎𝑙𝑒𝑠, 213(21.1±9.43𝑦𝑒𝑎𝑟𝑠, 𝑎𝑛𝑑795(78.9±10.73𝑦𝑒𝑎𝑟𝑠.𝐼𝑛𝑡ℎ𝑒45−
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59𝑎𝑔𝑒𝑔𝑟𝑜𝑢𝑝(𝑛 = 883), 91(10.3±4.68𝑦𝑒𝑎𝑟𝑠, 𝑤ℎ𝑖𝑙𝑒792(89.7±$4.45 years. In the
$�60𝑎𝑔𝑒𝑔𝑟𝑜𝑢𝑝(𝑛 = 1, 114), 327(29.4±6.78𝑦𝑒𝑎𝑟𝑠, 𝑤ℎ𝑖𝑙𝑒787(70.6±$6.90 years.

Comparison of Chronic Disease Prevalence Across Different Charac-
teristics

Significant differences were found in the distribution of chronic disease preva-
lence across age groups, sex, smoking status, alcohol consumption, nap duration,
nighttime sleep duration, weekly exercise frequency, number of children, mar-
ital status, health record establishment, average monthly income, education
level, and living situation (P<0.05). No significant differences were observed in
chronic disease distribution across residential areas or pension insurance types
(P>0.05). See Table 1 .

Common Comorbidity Patterns and Association Analysis Among El-
derly People in Ningxia

Based on previous research, support was set at 1.0%, minimum confidence at
50%, and lift at 1[15]. Fourteen association rules were identified, including 2
binary patterns, 6 ternary patterns, and 6 quaternary patterns. Eleven rules
were related to coronary heart disease, 9 to hypertension, and 9 to diabetes. See
Table 2 .

The top 3 association rules by support were: (1) hypertension and diabetes; (2)
hypertension, hyperlipidemia, and coronary heart disease; (3) coronary heart
disease, stroke, arthritis or rheumatism, and hypertension. The top 3 by con-
fidence were: (1) hypertension, stroke, arthritis or rheumatism, and coronary
heart disease; (2) hypertension, arthritis or rheumatism, diabetes, and coronary
heart disease; (3) hypertension, hyperlipidemia, and coronary heart disease. The
top 3 by lift were: (1) diabetes, liver disease, coronary heart disease, and hy-
pertension; (2) coronary heart disease, liver disease, diabetes, and hypertension;
(3) arthritis or rheumatism and memory-related diseases.

Association Analysis Between SDH and Chronic Comorbidities
Among Middle-aged and Elderly People in Ningxia

Using comorbidity status as the dependent variable (assignment: 1=yes, 0=no)
and the included variables as independent variables, unconditional Logistic re-
gression analysis was performed. The Hosmer-Lemeshow test yielded P=0.305,
indicating good model fit and reference value. Results showed that age $�$60
years, having 2-3 children, established family health records, retired or un-
employed status, and resident pension insurance were associated with higher
chronic comorbidity rates (P<0.05), while nighttime sleep duration of 7-8 hours
or >8 hours, and college-level or higher education were associated with lower
chronic comorbidity rates (P<0.05). See Table 3 .
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Discussion
Chronic comorbidities have become a major public health problem affecting
the health of elderly populations in China, with a trend toward younger onset.
Preventing chronic comorbidities and promoting health among middle-aged and
elderly people is particularly important. Our association rule analysis revealed
complex comorbidity patterns, with most involving coronary heart disease, hy-
pertension, and diabetes. Coronary heart disease was the most frequent con-
dition in these patterns, followed by hypertension and diabetes. This differs
slightly from He et al.[16], who found most patterns involved hypertension,
coronary heart disease, and asthma, with hypertension being most frequent.
Therefore, in chronic disease prevention and management, blood pressure moni-
toring should be combined with attention to cardiac function and blood glucose
to reduce risk factors for coronary heart disease, hypertension, and diabetes.
Health management should also focus on patients with these conditions, imple-
menting early management and intervention to prevent comorbidity develop-
ment. Standardized management protocols should be developed for both single
chronic diseases and different comorbidity patterns to meet health management
needs, enabling early detection, diagnosis, and treatment to prevent adverse
consequences[17].

Regarding individual genetic factors, age $�$60 years was a significant risk factor
for chronic comorbidities (OR=2.644), consistent with Qi et al.[18]. This may
be because chronic diseases have long courses and complex etiologies requiring
prolonged accumulation, making older individuals with declining physiological
function and weaker resistance more susceptible to multiple conditions.

In terms of individual behavior and lifestyle, middle-aged and elderly people
with nighttime sleep duration of 7-8 hours or >8 hours had lower comorbidity
risk. Research shows that sleep disorders are associated with poorer health
status[19-21]. Sleep is a fundamental physiological need, and sleep disorders
affect physical, mental, and emotional well-being, reducing quality of life. Our
finding that 7-8 hours or more of sleep is protective suggests that maintaining
adequate sleep is an effective preventive measure against chronic comorbidities.

At the social and community level, having 2-3 children and established health
records were associated with higher comorbidity rates. Previous studies indi-
cate that increased number of children has significant negative effects on elderly
health, with poor health outcomes resulting not only from aging but also from
insufficient emotional support and overwork[22]. In rural areas, middle-aged
and elderly individuals generally have lower education levels and inadequate
postpartum care, leading to varying degrees of physical and psychological dam-
age with increased childbirth[23]. The association between established family
health records and higher comorbidity may reflect that individuals with records
pay more attention to health monitoring and thus have better awareness of their
chronic disease status.

Regarding social structural factors, college-level or higher education was asso-
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ciated with lower comorbidity rates, consistent with Liu et al.[24]. Higher edu-
cation is associated with lower chronic disease risk, likely due to better health
literacy and self-care awareness[25-26]. Our study also found that retired or un-
employed status was associated with higher comorbidity rates. Research shows
that good social support is protective for quality of life and promotes mental
and physical health[27]. Unemployed and retired elderly individuals are more
prone to negative emotions such as loneliness and helplessness, harming physical
and mental health.

At the macro socioeconomic, cultural, and environmental level, resident pension
insurance was associated with higher comorbidity rates. This may be because
resident pension insurance covers urban and rural residents who are not state
organ or public institution employees and are not covered by employee basic pen-
sion insurance[28]. This population generally has lower education and income
levels, poorer quality of life compared to those with employee or commercial
medical insurance, leading to poorer health status and increased chronic comor-
bidity risk.

Chronic comorbidities reduce quality of life, increase treatment difficulty,
and impose heavier economic burdens. Therefore, understanding not only
pathogenic factors but also individual health-related behaviors and other
factors is essential. From an SDH perspective, this study multidimensionally
explored factors influencing chronic comorbidity rates among middle-aged and
elderly people, proposing targeted interventions based on different dimensions
to provide insights for health management and reduce comorbidity incidence.
However, this study included limited variables; future research should more
comprehensively examine influencing factors to provide a more solid scientific
basis for chronic comorbidity prevention and control.
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