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ARTICLE INFO ABSTRACT

Handling editor: D Levy Background: The progression of multimorbidity in Chinese ageing adults with cardiovascular diseases remains

inadequately understood. This study investigates the longitudinal evolution of cardiovascular disease continuum

Keywords: (CVDC)-related multimorbidity patterns in this population.
;arf}ovass}‘;?r diseases Methods: The observational study analyzed medical examination reports from individuals aged 65 and older who
ultimorbidity

underwent regular physical examinations during January 1, 2010 to December 31, 2022 at the Second Affiliated
Hospital of Chongqing Medical University. Multimorbidity patterns of CVDC were examined. The construction of
the multimorbidity network was based on Spearman correlation analyses to visualize the evolution of gender
differences. Odds ratios (ORs) for developing multimorbidity in CVDC in compared to non-CVDC were calcu-
lated. Survival analysis and multivariate cox proportional hazards regression were performed to estimate the
cumulative probability and identify risk factors for multimorbidity.

Results: A total of 10,052 eligible individuals with 1835 (18.26 %) diagnosed with CVDC at baseline were
included. The strongest positive correlation was observed between CVDC and obesity related diseases during
both the initial (ryates = 0.208, rfemales = 0.244) and final (ryales = 0.312, I'females = 0.248) examinations. Survival
analysis revealed that the cumulative probability of multimorbidity of metabolic diseases in hypertension,
dyslipidemia and atherosclerosis had increased over time; the corresponding adjusted HRs (95 % CIs) were 1.322
(1.219, 1.433), 1.553 (1.413, 1.706), and 1.460 (1.361, 1.567), respectively. The increasing risks of CVDC-
related multimorbidity were primarily attributable to salty dietary habit (AHR = 1.336, 95 % CI: 1.239, 1.411).
Conclusions: Multimorbidity patterns and disease networks associated with CVDC have become more complex
over time, especially with metabolic diseases. A high-salty diet significantly increased the risk of CVDC-related
multimorbidity.

Longitudinal cohort study
Ageing population
Risk factors

1. Introduction

Non-communicable diseases (NCDs) are chronic conditions that arise
from a combination of genetic, physiological, environmental, and
behavioral factors, often requiring long-term management [1]. Among
NCDs, cardiovascular diseases (CVDs) are particularly prevalent in
China, with an estimated 330 million individuals affected, including
11.39 million with coronary heart disease and 245 million with
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hypertension as of 2020 [2]. CVDs are responsible for nearly one-third of
all deaths since 21st century, placing a substantial burden on in-
dividuals, families, and society [1]. Notably, many patients with CVDs
also experience coexisting other NCDs, particularly in independent risk
factors hypertension, and dyslipidemia. These conditions have been
integrated into the concept of CVD continuum (CVDC) [3]. The
co-occurrence of at least two chronic conditions in the same individual
defined as multimorbidity [4], increases the complexity of care [5].
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Fig. 1. Study flowchart.

Previous researches [6,7] have indicated that a substantial proportion of
CVDC-related death were due to comorbid conditions like diabetes and
chronic obstructive pulmonary disease (COPD), underscoring the need
for a deeper understanding of CVDC in the context of multimorbidity
[8].

While several studies have focused on multimorbidity management,
most are limited to specific diseases and are based on cross-sectional [9]
or short-term observations [10,11]. These studies often lack a longitu-
dinal perspective and few explore how the risk of multimorbidity
evolves over time. Additionally, most clinical guidelines emphasize the
management of individual diseases, overlooking potential interactions
between diseases [12]. Furthermore, existing multimorbidity research
predominantly involves Caucasian populations from high-income
countries, limiting the relevance of these findings to the Chinese popu-
lation due to differences in lifestyle and ethnicity. [13]. In China,
research on multimorbidity is still in its early stages, with cutting-edge
articles mainly describing multimorbidity status [14], the risk factors
and pathogenesis of two specific diseases [15,16]. However, there is a
need for further exploration to inform dynamic NCDs management in a
long-term real-world study [4].

China possesses the largest ageing population globally, with a
rapidly accelerating rate of demographic ageing [17]. This trend is
further compounded by a declining birth rate, resulting in a higher social

dependency ratio and increasing demands on elderly care. In alignment
with the Healthy China 2030, this study aims to evaluate the patterns of
multimorbidity and identify factors that influence the risk of developing
additional conditions over time in patients with CVDC. The findings will
inform evidence-based recommendations for both clinical management
and personal prevention strategies.

2. Methods
2.1. Study design and participants

This retrospective longitudinal cohort study aimed to identify trends
in multimorbidity patterns among older adults with common CVDC in
Southwest China. Data was collected from medical examination reports
at the Health Management Center of the Second Affiliated Hospital of
Chongging Medical University between January 1, 2010, and December
31, 2022. The examination records were drawn from two independent
databases: 1) demographic characteristics and lifestyle behaviors, and 2)
diagnostic conclusions. Demographic characteristics and lifestyle be-
haviors included height, weight, education, smoking status, drinking
habits, dietary patterns, exercise frequency, and disease history. Among
them, lifestyles behavioral such as smoking status, drinking habits, di-
etary patterns, and exercise frequency were obtained in the form of
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Table 1
Demographic and clinical characteristics of participants with and without
CVDC.

CVDC (N = 1835) Non-CVDC (N =
8217)

Age, mean+SD(N), years 68.24 + 6.28 70.09 + 7.10(8217)
(1835)

Height, mean+SD(N), meters 160.73 + 8.15 159.63 + 8.46
(1744) (8091)

Weight, mean+SD(N), kilograms 61.10 + 9.62 62.31 +10.32
(1744) (8091)

Literature, N 993 4677

College or above, N (%) 581(58.51) 2571(54.97)

High school or technical school, N 196(19.74) 1078(23.05)

(%)
Junior high school or below, N (%) 216(21.75) 1028(21.98)

Dietary habit, N 1580 7333

Unbiased, N (%) 1269(80.32) 6010(81.96)
Mild, N (%) 217(13.73) 899(12.26)
Salty, N (%) 94(5.95) 424(5.78)

Smoking history, N 1587 7350

Never or quit smoking, N (%) 1364(85.95) 6300(85.71)
Occasional, N (%) 38(2.39) 155(2.11)
Less than one pack, N (%) 159(10.02) 766(10.42)
One pack or above, N (%) 26(1.64) 129(1.76)

Drinking history, N 1587 7350

Never, N (%) 1306(82.29) 5881(80.01)
Occasional, N (%) 214(13.49) 981(13.35)
Regular but moderate, N (%) 47(2.96) 347(4.72)
Regular and heavy, N (%) 20(1.26) 141(1.92)

Exercise habits, N 1579 7324

Never, N (%) 501(31.73) 2388(32.61)
One to two times a week, N (%) 474(30.02) 2220(30.31)
Three or more times a week, N (%) 604(38.25) 2716(37.08)

Disease history, N 403 2378

Hypertension related disease, N (%) 54(13.40) 859(36.12)
Coronary heart disease, N (%) 18(4.47) 144(6.06)
Dyslipidemia, N (%) 0 0
Atherosclerosis, N (%) 0 0

questionnaires, which were self-reported by patients. To mitigate the
unavoidable recall bias, the structured interviews were conducted by
trained clinical professionals to collect data on demographic charac-
teristics and behavioral habits. Diagnostic conclusions were based on
physicians’ diagnoses, derived from medical history, physical exami-
nations, laboratory tests, and radiological imaging. And the selection of
all diseases was based on the frequency of their classification or subtypes
in the dataset, with a threshold of >0.1 % of total records (>30/30,052)
to ensure sufficient representation.

Participants aged 65 or older with at least two physical examination
reports were included in the study. Exclusion criteria were: (1) incom-
plete records of demographic characteristics and lifestyle behaviors, (2)
missing diagnostic conclusions, and (3) missing medical ID that could
not be linked with each database.

CVDC was defined as either (1) clinically confirmed diagnosis of
CVDs, including coronary heart disease or atherosclerosis, or (2) inde-
pendent high-risk factors of CVDs, specifically hypertension-related
diseases or dyslipidemia. Other diseases were defined based on the
medical history recorded in the physical examination report and cor-
responding health standards (Supplementary Table S1) [1,18-23].

2.2. Ethical considerations

The Ethical Review Committee of The Second Affiliated Hospital of
Chongqing Medical University granted approval for this study (Approval
No. 20241IT046).

2.3. Procedures and outcomes

We conducted data cleaning of demographic characteristics and
lifestyle behaviors. For categorical variables, entries were standardized.
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To simplify analysis and facilitate comparison, categorical variables
with more than four levels, such as education, smoking history, and
exercise habits, were reduced to three or four categories. For diagnostic
conclusions, we extracted, separated, and integrated all disease infor-
mation. A total of 26 NCDs were included in the analysis, covering four
cardiovascular diseases, three chronic respiratory diseases, seven other
metabolic disease continuum, and 12 other conditions, such as hepatic
cysts, renal cysts, thyroid disorders (e.g. thyroid cysts, thyroid nodules),
prostate-related diseases (e.g. prostate calcification, enlargement,
cysts), gallbladder polyps, intrahepatic calcification, cervical gland
cysts, cholecystolithiasis, sinus bradycardia, and pulmonary nodules
(Supplementary Table S1). Finally, the two cleaned databases were
matched and merged by medical ID and the physical examination code.
The number of individuals was determined by their medical ID, and the
frequency of physical examinations for each person was calculated
based on the number of physical examination codes linked to their
medical ID.

The primary outcome was to identify multimorbidity patterns asso-
ciated with CVDC and their evolutionary trends. The secondary outcome
was to determine the lifestyle-related risk factors linked to these com-
mon chronic CVDC-related multimorbidity patterns.

2.4. Statistical analysis

2.4.1. Multimorbidity network construction

The multimorbidity networks illustrated the relationships between
CVDC and non-CVDC in the elder, comprising nodes (representing dis-
eases) and edges (indicating disease correlations). Spearman correlation
analyses were conducted using R software (v4.2.1) to calculate intra-
group correlations and filter significantly correlated disease pairs (p <
0.05). The diameter of the nodes represented the degree, while the color
indicated the disease type. These attributes were determined through
clustering analysis of node subsets using Cytoscape software (v3.7.2),
which revealed the number of associated nodes. The CVDC were
extracted based on these measurements, and the multimorbidity net-
works were visualized using Gephi software (v0.1.0).

2.4.2. Risk Determinations of CVDC-related multimorbidity patterns

The risks of developing multimorbidity of CVDC in compared to non-
CVDC were calaulated by Odds Ratio (OR) and its 95 % confidence in-
terval (CI). Specifically, patients diagnosed with a specific non-CVDC
were defined as the case group, and when this non-CVDC co-occurred
with any CVDC (i.e., CVDC-related multimorbidity), it was considered
an exposure factor. Exposure groups were recognized as risk factors if
the OR value and its 95 % CI exceeded 1 during both the first and last
medical examinations.

To assess changes in the risks of each CVDC-related multimorbidity
pattern, the OR and 95 % CI for the last medical examination compared
to the first was also calculated.

2.4.3. Survival analysis of CVDC-related multimorbidity burdens

Cox proportional hazards regression was used to estimate the
adjusted hazard ratio (AHR) (p < 0.05) and 95 % ClIs for the risk of
cardiovascular patients developing other diseases during follow-up,
thereby assessing the risk of multimorbidity progression in CVDC pa-
tients. Kaplan-Meier curves were fitted to show the cumulative hazard of
survival and the occurrence of outcome events at each follow-up time for
patients with or without each CVDC. To explore the influence of various
factors on the development of multimorbidity in CVDC patients, we
adjusted the Cox survival analysis for confounding factors identified in
the univariate analysis and calculated AHR values for each major cate-
gory according to demographic statistical categories.

3. Results

We selected 34,156 eligible medical reports, of which 30,496
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Fig. 2. * Network analysis of CVDC, chronic respiratory diseases, metabolic disease continuum and other NCDs across physical examinations.

a. Male-First physical examination; b. Female-First physical examination;
c. Male-Last physical examination; d. Female-Last physical examination.

contained valid data for the study in Fig. 1. A final analytic 10,052
people were included in the final analytic cohort via grouping by ID and
excluding individuals without disease information (n = 5). The de-
mographics and clinical characteristics of the study population are
summarized in Table 1. Among the 10,052 participants, 1835 had CVDC
with a mean age of 68.24 years (SD = 6.28), while 8217 without CVDC.
More than half of the respondents with CVDC have attended college or
had a higher degree, and 54.97 % without CVDC. Most participants
reported rarely smoking (85.95 % with CVDC, 85.71 % without CVDC).
Patients with CVDC showed a relatively higher proportion of salty di-
etary habits (5.95 %), and a lower proportion of regular exercise (31.73
%). Only hypertension-related conditions and coronary heart disease
were reported among those with a history of CVDC.

3.1. Multimorbidity network analysis

Fig. 2 illustrates the network structure of CVDC, chronic respiratory
diseases, metabolic disease continuum and other conditions during the
first and last physical examinations, stratified by sex. Comparing the
first and last exams, the degree of CVDC increased for both men (first
degree = 19, last degree = 20) and women (first degree = 18, last de-
gree = 22). Additionally, the network from the last examination shows a
greater number of edges and stronger degrees compared to the first,
indicating that the multimorbidity correlations between various

diseases have become more complex over time. For instance, the cor-
relation between CVDC and obesity-related diseases in men (r = 0.208)
was notably higher in the last exam compared to the first (r = 0.164),
while in women, the correlation rose even more sharply (first r = 0.156,
last r = 0.244).

In the multimorbidity network, the strongest positive correlation
related to CVDC was generally with obesity (r = 0.208), except in the
first physical examination of women, where fatty liver showed the
highest correlation (r = 0.167). It was worth noting that the three
strongest connections with CVDC in men’s first physical examination
were emphysema (r = 0.164), chronic pharyngitis (r = 0.160) and
diabetes related diseases (r = 0.125). While in the last physical exami-
nation were obesity (r = 0.208), fatty liver (r = 0.176) and prostate
diseases (r = 0.152). For women, the top three connections in the first
physical examination were CVDC-fatty liver (r = 0.167), CVDC-obesity
(r = 0.156) and CVDC-elevated blood uric acid (r = 0.118), with
CVDC-obesity (r = 0.244), CVDC-fatty liver (r = 0.167) and CVDC-
elevated blood uric acid (r = 0.132) in the last. Other specific multi-
morbidity network data are listed in Supplementary Table S2.

*In each wave and sex subgroup, edge colors indicate correlations
between diseases: pink edges represent positive correlations, while
green edges represent negative correlations. Disease categories are
distinguished by color, with CVDC in red, metabolic disease continuum
in blue, chronic respiratory diseases in green, and other diseases in
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Table 2
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Odds ratios (OR) for multimorbidity risk of CVDC and major NCDs at first and last physical examinations.

Variables N Other CVDC Chronic respiratory diseases Metabolic disease continuum Other diseases

N OR(95 %CI) N OR(95 %CI) N OR(95 %CI) N OR(95 %CI)
First Physical Examination
Hypertension related diseases 4033 3152 1.569(1.430,1.722) 823 1.344(1.213,1.490) 3539 2.708(2.426,3.022) 3384 1.490(1.344,1.653)
No-hypertension related diseases 6019 4184 Ref 964 Ref 4368 Ref 4681 Ref
Coronary heart disease 133 125 3.547(1.732,7.262) 49 2.746(1.923,3.920) 118 2.151(1.254,3.689) 113 1.398(0.867,2.254)
No-coronary heart disease 9919 8084 Ref 1738 Ref 7789 Ref 7952 Ref
Dyslipidemia 5677 3630 1.281(1.182,1.389) 967 0.890(0.803,0.986) 4712 1.803(1.638,1.985) 4715 1.500(1.359,1.655)
No-Dyslipidemia 4375 2540 Ref 820 Ref 3195 Ref 3350 Ref
Atherosclerosis 3961 3097 1.545(1.408,1.696) 983 2.171(1.957,2.407) 3357 1.882(1.696,2.089) 3454 2.187(1.959,2.441)
No-Atherosclerosis 6091 4256 Ref 804 Ref 4550 Ref 4611 Ref
Last Physical Examination
Hypertension related diseases 4981 3747 1.647(1.510,1.795) 1133 1.212(1.101,1.334) 4500 3.302(2.950,3.697) 4211 1.818(1.645,2.008)
No-hypertension related diseases 5071 3288 Ref 991 Ref 3748 Ref 3806 Ref
Coronary heart disease 401 365 2.298(1.625,3.248) 99 1.235(0.979,1.557) 374 3.126(2.108,4.635) 342 1.492(1.127,1.976)
No-coronary heart disease 9651 7868 Ref 2025 Ref 7874 Ref 7675 Ref
Dyslipidemia 5457 3963 1.682(1.546,1.829) 1158 1.012(0.919,1.114) 4768 2.217(1.997,2.462) 4647 2.085(1.888,2.303)
No-Dyslipidemia 4595 2812 Ref 966 Ref 3480 Ref 3370 Ref
Atherosclerosis 3418 2834 1.784(1.607,1.980) 1010 2.078(1.885,2.292) 3022 2.056(1.823,2.319) 2976 2.128(1.897,2.386)
No-Atherosclerosis 6634 4851 Ref 1114 Ref 5226 Ref 5041 Ref
Last physical Examination/First physical examination
Last hypertension related diseases 4033 3152 0.849(0.769,0.937) 823 1.148(1.038,1.271) 3539 1.306(1.143,1.492) 3384 1.049(0.936,1.175)
First hypertension related diseases 4981 3747 Ref 1133 Ref 4500 Ref 4211 Ref
Last coronary heart disease 133 125 0.649(0.294,1.433) 49 0.562(0.370,0.855) 118 1.761(0.906,3.421) 113 1.026(0.592,1.778)
First coronary heart disease 401 365 Ref 929 Ref 374 Ref 342 Ref
Last dyslipidemia 5677 3630 1.496(1.380,1.621) 967 1.312(1.193,1.443) 4712 1.417(1.275,1.575) 4715 1.171(1.057,1.296)
First dyslipidemia 5457 3963 Ref 1158 Ref 4768 Ref 4647 Ref
Last atherosclerosis 3961 3097 1.354(1.205,1.521) 983 1.271(1.146,1.408) 3357 1.373(1.199,1.573) 3454 0.988(0.862,1.133)
First atherosclerosis 3418 2834 Ref 1010 Ref 3022 Ref 2976 Ref

orange. The thickness of the edges reflects the strength of the correlation
between diseases.

3.2. Risk Determinations of CVDC related multimorbidity patterns

Table 2 depicted the risks of CVDC related multimorbidity patterns
with ORs which demonstrated that, for both men and women, having
CVDC is associated with a greater risk of having other NCDs than those
without CVDC. In the first physical examination, compared with par-
ticipants without the history of hypertension related diseases, patients
who had hypertension related diseases (OR = 2.708, 95 %CI: 2.426,
3.022) was independently associated with higher risk of metabolic dis-
eases, significantly. However, dyslipidemia have reduced risk of respi-
ratory disease (OR = 0.890, 95 %CI: 0.803, 0.986).

In the last physical examination, the risk of CVDC related multi-
morbidity has increased. For instance, the risks of hypertension related
diseases with chronic respiratory diseases (OR = 1.148, 95 %Cl: 1.038,
1.271) and metabolic diseases (OR = 1.306, 95 %Cl: 1.143, 1.492) were
increased. The multimorbidity risk of dyslipidemia and atherosclerosis
with other NCDs (OR>1, 95 %Cl lower limit>1) was significant during
follow-up except atherosclerosis-other diseases (OR = 0.988, 95 %Cl:
0.862, 1.133). Additionally, the risk of hypertension related diseases-
other CVDC (OR = 0.849, 95 %Cl: 0.769, 0.937) and coronary heart
disease-chronic respiratory diseases (OR = 0.562, 95 %Cl: 0.370, 0.855)
were decreased following time.

3.3. Survival analysis of CVDC related multimorbidity burdens

Cox proportional hazards regression analysis indicated that the
presence of certain CVDC increased the risk of developing other NCDs.
In addition to coronary heart disease, the risk of developing multi-
morbidity with hypertension related diseases (AHR = 1.322, 95 %CI:
1.219, 1.433, p < 0.001), dyslipidemia (AHR = 1.553, 95 %CI: 1.413,
1.706, p < 0.001) and atherosclerosis (AHR = 1.460, 95 %CI: 1.361,
1.567, p < 0.001) were time dependent and significantly correlated
(Fig. 3). And all the AHR values and 95 %ClIs are listed in Supplementary
Table S3. Additionally, hypertension related diseases (HR = 1.529, 95 %

CL: 1.407, 1.662, p < 0.001) and dyslipidemia (HR = 1.640, 95 %CI:
1.490, 1.805, p < 0.001) had relatively high cumulative hazard in
developing metabolic multimorbidity, while coronary heart disease (HR
= 1.379, 95 %CIL: 1.192, 1.596, p < 0.001) and atherosclerosis (HR =
2.515, 95 %CI: 2.302, 2.747, p < 0.001) were closely related to chronic
respiratory diseases (Supplementary Fig. S1).

Multivariate cox regression analysis showed that advanced age
(AHR = 1.013, 95 %Cl: 1.007, 1.019, p < 0.001) and salty dietary habit
(AHR = 1.336, 95 %Cl: 1.239, 1.411, p < 0.001) were significantly
associated with CVDC related multimorbidity outcomes (Table 3)

4. Discussion

Our study revealed that the multimorbidity network related to CVDC
has become increasingly complex over time, with significant clustering
observed in conditions such as obesity, diabetes, and other metabolic
diseases. Additionally, older age and a high-salt diet were associated
with an elevated multimorbidity risk in individuals with CVDC.

In our network analysis, metabolic diseases emerged as the most
frequent comorbidities with CVDC, with obesity showing the strongest
correlation, followed by diabetes, elevated blood uric acid, and high
fasting plasma glucose. Obesity is frequently linked to hypertension and
dyslipidemia, which are prevalent drivers of cardiovascular risk and can
be targeted through pharmacotherapy [24]. Current studies have
explored the connections between CVDC and endocrine disorders. Eckel
et al. [25] have shown that cardiovascular multimorbidity are related to
abnormalities in various components of the body, which was consistent
with the dyslipidemia, abnormal blood sugar, and abnormal uric acid
included in this study. In addition, the multimorbidity pattern of
abnormal endocrine indicators with CVDC has been extensively studied
with the concept of metabolic syndrome [26,27], which supports better
coordination of multimorbidity management.

Furthermore, our research found that there was not overall differ-
ence in the likelihood of developing CVDC-related multimorbidities
between men and women, while the multimorbidity patterns were
different. But overall, women were more vulnerable to develop multi-
morbidities between non-CVDC compared with men. This gender
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difference may be explained by female longer life expectancy [28],
greater health awareness [29] and especially hormonal changes during
menopause and postmenopause. Estrogen prevents vascular aging and
reduces the risk of cardiovascular diseases by reducing cellular auto-
phagy and increasing telomerase activity. In addition, it promotes the
breakdown of adipose tissue and reduces the occurrence of metabolic
diseases. And in postmenopausal women, the decrease in estradiol levels
is closely related to the reduction of bone mineral density and the
occurrence of related diseases [30]. Meanwhile, COPD is the most
common multimorbidity with CVDC in male patients at a relatively
young age, due to the generally higher smoking rate among man. Long
term smoking directly damages the airway and vascular endothelium,
while increasing blood viscosity and promoting thrombus formation
[31]. However, as men age, there was an increase in multimorbidities
with metabolic diseases and a decrease in COPD, which may be due to
the high mortality rate of elderly patients with COPD [32] or metabolic
disorders caused by other reasons, leading to a surge in multimorbidities
of metabolic diseases.

The identification of CVDC related multimorbidity patterns further

highlighted the association between CVDC and other NCDs. Comparing
the relationships between multimorbidity risk of CVDC and time, pa-
tients diagnosed with dyslipidemia and atherosclerosis exhibited
significantly higher risks of multimorbidity. Elevated plasma LDL-
cholesterol levels and atherosclerosis are major risk factors for CVDC
[33]. Individuals with higher socioeconomic status and dietary habits
influenced by Southwest China are more likely to avoid physical labor
and consume high-calorie foods, potentially leading to an increased
prevalence of NCDs such as hypertension, obesity, fatty liver, and dys-
lipidemia [34]. Unhealthy lifestyle and diets account for excessive fat
accumulation, which not only lead to obesity, but also generate dysli-
pidemia and atherosclerosis in cardiovascular system [35].Beyond that,
fat accumulation is a contributing factor to insulin resistance, which
enhance the possibility of other CVDC like atherosclerosis and more
metabolic diseases including diabetes [36]. On the foundation of the
comparative study of the first and last physical examination data, we
utilized cox regression analysis to compensate for eliminating interfer-
ence, inferring that the multimorbidity risk of hypertension related
diseases, dyslipidemia, and atherosclerosis gradually increased over
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Table 3
Impact of demographic characteristics and lifestyle behaviors on outcomes of
CVDC-multimorbidity.

Factors Hazard Ratio 95 % CI 95 % CI p-value
(HR) lower limit upper limit
Sex
Male Ref
Female 0.988 0.906 1.077 0.781
Age 1.013 1.007 1.019 <0.001
Hight 0.990 0.980 0.999 0.037
Weight 1.009 1.003 1.014 0.001
Literature
Junior high school or ~ Ref
below
High school or 0.879 0.831 0.930 <0.001
technical school
College or above 0.960 0.890 1.036 0.291
Dietary habit
Unbiased Ref
Salt 1.336 1.239 1.411 <0.001
Mild 0.793 0.743 0.845 <0.001
Smoking history
No or stopped Ref
smoking
Occasional 0.804 0.517 1.252 0.334
Less than 1 pack 0.765 0.545 1.074 0.122
One pack or above 0.991 0.812 1.208 0.925
Drinking history
No drinking Ref
Occasional 1.158 1.055 1.272 0.002
Regular but moderate ~ 1.012 0.852 1.203 0.889
Regular and heavy 0.996 0.823 1.206 0.970
Exercise habits
No Ref
One to two times a 1.107 1.014 1.209 0.023
week
Three or more timesa ~ 0.941 0.861 1.029 0.179
week
Disease history 1.100 0.941 1.286 0.230

time. Unlike previous cross-sectional or time node comparison studies
[37,38],we dynamically tracked and extrapolated developmental risks
with the data of 13 years. The multimorbidity risk of other NCDs was
higher in individuals with CVDC than in those without, and the differ-
ence became more pronounced over time. From a pathological and
physiological perspective, mechanisms can be categorized three areas:
ageing and inflammation; socioeconomic, psychosocial and behavioral
determinants of health; and medication use [39]. There is an undeniable
relationship between age, behavior, lifestyle, and the occurrence of
diseases. Additionally, individuals who have already experienced ill-
nesses not only face a decline in bodily functions [40], but may also
develop other NCDs as consequence of medication use. For instance, the
administration of oral corticosteroids for polymyalgia rheumatica may
end up diseases such as diabetes, cataracts, and osteoporosis [36].

Our multi-factor analysis highlighted the significant impact of di-
etary habits on multimorbidity risk. Previous studies [41-43] have
consistently shown that diet influences physical health, with high salt
intake particularly increasing the risk of CVDC. Building on this foun-
dation, our research found that patients with CVDC who consumed a
salty diet had an elevated risk of developing other NCDs. Evidence in-
dicates that excessive salt intake can lead to higher sugar consumption
by stimulating energy intake [44]. Over time, a high-salt diet may
contribute to metabolic disorders by disrupting the secretion of hor-
mones like fructose and insulin, subsequently affecting other
metabolism-related hormones. These findings emphasize the impor-
tance for patients with a history of CVDC to adopt behavioral and life-
style modifications, which may help reduce the risk of multimorbidity
and prevent more severe health complications.

This study has several limitations. First, the quality and consistency
of the available data were affected by the heterogeneity of the included
datasets. For instance, some cohorts with CVDC were selected based on
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abnormal indicators rather than confirmed diagnoses, which may not
accurately represent the general population of patients with CVDC.
Additionally, variability in the selection of control populations could
influence the associations related to multimorbidity outcomes in CVDC.
Meanwhile, the inevitable recall bias in retrospective dietary assessment
precluded precise effect quantification, and our bias mitigation mea-
sures (e.g., guiding inquiry from clinical doctors) may inadvertently
introduce selection bias. Second, the large time span of the screened data
means that the changes observed in the study may not fully reflect shifts
in disease risk. For example, ongoing advancements in China’s health-
care system and public health awareness have led to increased partici-
pation in physical examinations [45,46], potentially resulting in the
detection of more cardiovascular patients and impacting research on
multimorbidity. Another limitation is the potential influence of un-
measured confounding factors, such as genetic predispositions or envi-
ronmental exposures (e.g., air pollution) prevalent in Southwest China.
These factors could affect both CVDC and multimorbidity risk but were
not included in our dataset, which may have impacted the accuracy of
the associations observed between dietary habits, lifestyle factors, and
disease outcomes. Nonetheless, our study collected long-term observa-
tional data and innovatively explored changes in multimorbidity pat-
terns of CVDC over time, helping to fill a research gap regarding the
longitudinal development of these patterns.

5. Conclusions

In summary, the multimorbidity patterns and disease networks
associated with CVDC have become increasingly complex over time,
particularly with the inclusion of metabolic diseases. Our study provides
compelling evidence linking the multimorbidity risk of CVDC to lifestyle
behaviors, with a high-salt diet having the most significant impact. This
research underscores the critical need to manage the progression of
NCDs through both clinical practice and personal health care measures.
Future research should focus on evaluating targeted interventions and
developing guidelines to effectively mitigate these risks.
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