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Abstract

Background: As the global population continues to age, the prevalence of sarcopenia is gradually increasing, and the loss of
skeletal muscle mass is one of the manifestations of sarcopenia. Low calf circumference (CC) is often used as a predictor of
poor skeletal muscle mass or sarcopenia. Older adults usually have a combination of multiple chronic diseases. There is a lack
of evidence to explore the risk factors for low CC with multimorbidity in Chinese, community-dwelling, older adults.

Objective: This study aimed to explore the risk factors and potential categories in older adult patients with low CC and
multimorbidity from an individual-centered perspective.

Methods: We selected 15,874 participants from the Chinese Longitudinal Healthy Longevity Survey in 2018 and screened
for low CC in older adult patients. The individual-centered latent class analysis was used to classify potential multimorbidity
groups. Multiple logistic regression was used to explore the risk factors associated with low CC and multimorbidity by
applying the elastic net to screen for reliable risk variables.

Results: A total of 7956 older individuals were eligible for the study, of whom 3960 (49.8%) were aged >90 years and
2166 (27.2%) had multimorbidity with low CC. The prevalence of multimorbidity increases between the ages of 65 and
89 years. However, the majority of older adults remain in reasonably good health beyond the age of 90 years. Five multimor-
bidity groups were identified by latent class analysis: multisystem morbidity diseases (78/2166, 3.6%), arthritis-rheumatism
or rheumatoid diseases (400/2166, 18.47%), diabetes-hypertension diseases (330/2166, 15.23%), respiratory-heart diseases
(347/2166, 16.02%), and cardiovascular diseases (1011/2166, 46.68%). Through 12 variables screened by the elastic net,
multiple logistic regression showed different impacts on multimorbidity groups, including demographic background, behavio-
ral characteristics, and physical and mental health factors. In particular, older patients who self-report poor health and live in
urban areas need more attention.

Conclusions: The results revealed that low CC is a common phenomenon among community-dwelling older adults, and
a substantial proportion also present with multimorbidity. In the older adult population with low CC, the proportion of
multimorbidity does not simply increase with age. Multimorbidity in low CC has been identified in 5 potential groups.
Different groups have distinctive risk factors. Public health authorities should pay attention to low CC in older adult patients
with multimorbidity and carry out targeted interventions, thereby enhancing health outcomes.
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Introduction

Background

It is projected that approximately 200 million individuals
worldwide will develop sarcopenia by 2050 [1]. Muscle fiber
degeneration typically begins around the age of 50 years,
with up to 50% of fibers diminished by the age of 80
years. Notably, this decline is also observed in physically
active individuals, including athletes [2]. Calf circumference
(CC) is a commonly used measurement to assess lower
limb anthropometrics; it outperforms BMI or waist circumfer-
ence and exhibits moderate to high sensitivity and specific-
ity in predicting sarcopenia or poor skeletal muscle mass [3,
4]. According to the Asian Working Group for Sarcopenia
2019 guidelines, low CC can be used to identify patients
with sarcopenia in advance among older adult individuals in
China. Increasing evidence suggests that low CC is capable
of detecting patients with sarcopenia across various physical
conditions [5,6]. In addition, the research found that low CC
was associated with disability in people aged >60-70 years
[7] and could even predict the mortality risk among older
adults in both the United States and Taiwan [8.,9].

The prevalence of type 2 diabetes, cerebrovascular
diseases, cancer, and neurodegenerative disorders signifi-
cantly increases with age [10]. Older adults often have more
than one chronic disease. Multisystem disorders can shorten
life expectancy and exacerbate already existing imbalan-
ces in the distribution of medical resources [11]. Approx-
imately 42.4% of people in China aged >50 years live
with multiple diseases [12]. Nearly 70% of all fatalities in
China are attributed to the nation’s rapidly aging population
and the high prevalence of chronic illnesses [12]. Studies
have confirmed that multimorbidity is not a simple random
combination but has some underlying physiological and
pathological connections [13]. Identifying the combination
of different categories in multimorbidity will be beneficial
in achieving an individual-centered medical care pattern and
improving the clinical outcomes of patients with multimor-
bidity.

The evidence from UK Biobank participants suggests a
link between probable sarcopenia and long-term conditions
as well as multimorbidity [14]. A study identified 5 distinct
multimorbidity patterns associated with lower limb muscle
loss in China [15]. However, there is a lack of data to
explore the relationship between older adults with low CC
and multimorbidity, which is essential for the management of
healthy aging.

Objectives

Our study aimed to investigate the epidemiology of older
adults with low CC and multimorbidity in the Chinese
community, including potential multimorbidity categories,
and to explore related risk factors, thereby establishing
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the theoretical foundation for implementing prevention and
management measures to achieve healthy aging in the older
adult population with low CC and multimorbidity.

Methods

Participants

The Chinese Longitudinal Healthy Longevity Survey
(CLHLYS) is a comprehensive and representative longitudinal
study on the health and lifespan of older people in China.
Following a baseline survey conducted in 1998, the CLHLS
conducted 7 waves of surveys every 2 to 3 years from 2000 to
2018, covering 22 of China’s 31 provinces and approximately
85% of the population. The study used the CLHLS 2018
data, which included a total of 15,874 older adult participants.
This is in accordance with the design of our study, includes
an effective sample size, and reflects the most recent health
behaviors of older adults in China.

Ethical Considerations

The Peking University Research Ethics Committee authorized
the CLHLS study (IRB00001052-13074), and all partici-
pants or proxy respondents gave written informed consent.
Each respondent who agreed to participate in the survey
signed a consent form confirming that they were aware of
the objective of the research. All processes were executed
following the relevant rules and standards. The CLHLS data
used in our study were completely anonymized and deidenti-
fied. All personal identifiers were removed from the dataset
and replaced with unique identification codes that cannot be
traced back to individuals. The dataset contains no personally
identifiable information, such as names, detailed addresses, or
ID numbers. According to Article 32 of the Ethical Review
Measures for Life Science and Medical Research Involving
Human Beings issued by China in 2023, scientific research
based on legally obtained anonymized public data, which
does not involve biological samples and does not violate
the commercial interests of others, can be exempted from
ethical review. As the CLHLS followed strict protocols to
protect participant confidentiality and privacy, no second
ethical review was conducted for our study, and no additional
informed consent was obtained due to the anonymity of the
participants. Further, based on available public documentation
about the CLHLS, there is no explicit information regarding
specific compensation provided to participants. The survey
primarily focused on collecting data about older adult health
and living conditions to support academic research and policy
development.

Calf Circumference

CC (measured in centimeters) was rounded up to an integer
in the CLHLS 2018 wave. Trained investigators measured CC
with participants seated, with their hips and knees bent at 90°
and their feet flat on the floor. A nonelastic tape was placed
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around the calf without compressing the tissue and moved
along its length to identify the maximum circumference. Each
leg was measured twice, and the average was recorded. The
final value was the mean of both legs [16]. According to
the content of the 2018 questionnaire, CC was rounded to
the whole number and entered into the dataset. All investi-
gators were strictly trained and followed standard operating
procedures. Additional quality control details are available
on the CLHLS website. The diagnosis of our study adopted
the cutoff of low CC advised by Asian Working Group
for Sarcopenia 2019: CC<34 cm for men and CC<33 cm
for women [17]. These cutoffs were derived from multicen-
ter cohorts of community-dwelling older adults in Asia to
support standardized sarcopenia screening in primary care
and public health.

Multimorbidity

Every individual was asked if they had experienced any of the
following 17 chronic diseases: hypertension, heart disease,
bronchitis, emphysema, pneumonia or asthma, tuberculo-
sis, gastric or duodenal ulcer, dyslipidemia, cholecystitis
or cholelith disease, chronic nephritis, hepatitis, stroke or
cardiovascular disease (CVD), dementia, epilepsy, Parkinson
disease, arthritis, rheumatism or rheumatoid disease, cancer,
and diabetes. The 17 chronic diseases were selected from the
CLHLS questionnaire by excluding sex-specific conditions
and retaining those most representative of chronic disease
patterns among older Chinese adults, based on previous
literature [18,19]. The co-occurrence of at least 2 chronic
diseases in 1 person is referred to as multimorbidity [20].

Multidimensional Risk Factors

On the basis of certifications from previous studies [21,
22], we identified relevant risk variables that represent the
characteristics of China’s older adult population. Demo-
graphic data included age, sex, place of residence, mari-
tal status, and educational level. Behavioral characteristics
consisted of current smoking status, current alcohol consump-
tion, physical activity, and sleep quality. No physical activity
implies that the participants do not engage in hobbies such
as reading, watching television, listening to the radio, or
making friends, among other things. Physical and psychologi-
cal health characteristics included scores from the Mini-Men-
tal State Examination (0-30 points) for the cognitive function
test, Center for Epidemiological Studies-Depression Scale
10-item (CES-D-10; 0-30 points), and Generalized Anxiety
Disorder 7-item (GAD-7; 0-21 points) in the past 2 weeks;
additional measures included fall experience in the past
year, BMI, self-reported health, and difficulty with activi-
ties of daily living (ADLs). ADLs included 6 items: bath-
ing, dressing, simple indoor activities (getting in and out of
bed or sitting up), eating, using the toilet, and controlling
urination and defecation. Difficulty with at least 1 of the
abovementioned items was classified as a yes. All variables
were collected by trained interviewers through standardized
questionnaires as part of the CLHLS survey, ensuring data
quality and consistency.
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Statistical Analysis

Descriptive Statistics

The normality of continuous variables was checked using
the Kolmogorov-Smirnov test. Continuous variables with
normal distributions were represented by means and SDs,
while those with abnormal distributions were represented
by medians and IQRs. Categorical variables and frequencies
(%) were used. Two-tailed independent sample ¢ tests, Mann—
Whitney U tests, and chi-square tests were used, as appropri-
ate, to compare the baseline characteristics between partic-
ipants with multimorbidity and those who were relatively
healthy. Moreover, we used the MissForest algorithm for
missing value imputation. MissForest effectively imputes
missing values in multidimensional and mixed continuous
and categorical data. This method has lower imputation errors
and no parameter adjustment or data distribution assumptions
[23].

Latent Class Analysis

Latent class analysis (LCA) has been widely used in health
behavior research to categorize latent features based on
apparent behaviors and identify the proportion of each class
to execute intervention approaches for each subclass. The
17 types of multimorbidity were answered with a yes or
no response (1 or 0). The Akaike information criterion
(AIC), Bayesian information criterion (BIC), adjusted BIC
(aBIC), Lo-Mendell-Rubin, bootstrapped likelihood ratio test,
and entropy model fit indices were used to find the best
LCA model. The AIC imposes a lighter penalty on model
complexity, tending to favor more complex models. In
contrast, the BIC uses a stricter penalty and is generally
regarded as more robust for determining the number of
classes. The aBIC strikes a balance between AIC and BIC,
providing an intermediate penalty that is particularly suitable
for balanced model selection with moderate sample sizes.
The Lo-Mendell-Rubin and bootstrapped likelihood ratio test
statistically evaluate whether the current model demonstrates
significant improvement over a model with one fewer class.
A statistically significant P value from these tests indicates
that the current model exhibits a substantially better fit
compared to the simpler alternative model. An entropy value
>0.8 indicates that 90% of individuals are correctly identi-
fied, whereas a value of 0.6 suggests that >20% are incor-
rectly classified. The best-fitting model is chosen based on
a thorough evaluation of the aforementioned indicators and
clinical interpretability.

Elastic Net

The elastic net (EN), proposed by Zou and Hastie [24],
can eliminate characteristics unrelated to the dependent
variable, such as least absolute shrinkage and selection
operator regression, and choose a critical feature, such as
ridge regression. By adjusting the parameters to balance the
strength of the L1 and L2 regularization, an ideal model can
be obtained. In this study, we used the EN (glmnet [25] and
ggplot2 [26] R packages) for feature selection and optimized
the key parameters. A 10-fold cross-validation was used to
prevent overfitting. The risk factor coefficients that were not
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closely related to multimorbidity were excluded by compress-
ing them to 0, and the closely related possible risk factors that
were not 0 were retained. The best and strict risk variables
generally choose the lambda.lse model.

Multiple Logistic Regression

On the basis of the results of LCA and EN, multiple
logistic regression (MLR) was used to identify the risk
factors associated with different multimorbidity groups in
the population with low CC. The statistical analysis was
conducted using R (version 4.1.1; R Foundation for Statistical
Computing) and Mplus (version 7.4; Muthén & Muthén).
The regression study yielded data in the form of odds
ratios accompanied by 95% CIs. The statistical significance
criterion was determined using 2-sided  tests and a P value of
05.

Results

Descriptive Characteristics

In this study, we included 7956 older adults with low CC
(Multimedia Appendix 1; the detailed screening flow chart
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is shown in Figure 1). Their average age was 89 (range
79-99) years, with 49.77% (3960/7956) aged >90 years, and
39.19% (2269/5790) were men. Compared to the relatively
healthy group, the multimorbidity group was younger, more
likely to live in urban areas, more often partnered, and better
educated. The multimorbidity group was likely to have a
history of smoking and drinking habits (little or always).
Over half of the people with multimorbidity dislike engaging
in physical activities and sleep fairly or badly. Scores on
the Mini-Mental State Examination, CES-D-10, GAD-7, and
BMI were notably higher in the relatively healthy group.
They may have greater difficulty with ADLs and over-
all health conditions. The proportions of distinct prevalent
chronic diseases are shown in Table 1. The prevalence of
multimorbidity increased between the ages of 65 and 89
years. However, after the age of 90 years, the proportion of
multimorbidity decreased, and the majority of older adults
were relatively healthy (Figure 2).

Figure 1. The flowchart of study design. CLHLS: Chinese Longitudinal Healthy Longevity Survey.

A total of 15,874 participants were recruited
from the CLHLS 2018 study

Excluded(n=525):
1. Without age

y

2. Age<65 years
3. Without calf circumference

The cohort of 15,349 older adult participants
with calf circumference recorded

Excluded(n=5115):

y

With normal calf circumference

10,234(66.68%) older adult participants
experienced a decrease in calf circumference

Excluded(n=2278):

P With disease information
missing, refused, or forgotten

'

'

No reported or individuals
with only 1 included disease
(n=5790)

individuals with 2 or
more diseases
(n=2166)
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Table 1. The proportion of multimorbidity among older adult patients with low calf circumference (CC; N=7956).

Low CC and multimorbidity

Low CC and relatively

Chronic diseases Low CC,n (%) (n=2166), n (%) healthy (n=5790), n (%) P value
Hypertension 2787 (35.0) 1556 (71.8) 1231 (21.3) <.001
Heart disease 1109 (13.9) 883 (40.8) 226 (3.9) <.001
Bronchitis, emphysema, 819 (10.3) 506 (23.4) 313(54) <.001
pneumonia, or asthma

Tuberculosis 61 (0.8) 49 (2.3) 12 (0.2) <.001
Gastric or duodenal ulcer 384 (4.8) 292 (13.5) 92 (1.6) <.001
Dyslipidemia 251 (3.2) 234 (10.8) 17 (0.3) <.001
Cholecystitis or cholelith 282 (3.5) 224 (10.3) 58 (1.0) <.001
disease

Chronic nephritis 79 (1.0) 79 (3.7) 0(0.0) <.001
Hepatitis 27 (0.3) 21 (1.0) 6(0.1) <.001
Stroke or cardiovascular 735(9.2) 576 (26.6) 159 (2.8) <.001
disease

Dementia 210 (2.6) 128 (5.9) 82(14) <.001
Epilepsy 22 (0.3) 20 (0.9) 2(0.0) <.001
Parkinson disease 58 (0.7) 45 (2.1) 13(0.2) <.001
Arthritis 735(9.2) 590 (27.2) 145 (2.5) <.001
Rheumatism or rheumatoid 360 (4.5) 294 (13.6) 66 (1.1) <.001
disease

Cancer 100 (1.3) 81 (3.7) 19 (0.3) <.001
Diabetes 532 (6.7) 449 (20.7) 83 (14) <.001

Figure 2. The distribution of multimorbidity in different age groups.
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Latent Class Analysis

Multimedia Appendix 2 compares fit statistics for models
with 1 to 8 classes. AIC, BIC, and aBIC were low for
class 5. Entropy (class 5=0.9) >0.8 suggests 90% correct
categorization. In Figure 3, the membership probability is
the “conditional prevalence” for each maintained class. We
chose class 5 and named groups based on a combination
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of diseases and clinical evidence: multisystem morbidity
diseases (group 1: 78/2166, 3.6%), arthritis-rheumatism or
rheumatoid diseases (group 2: 400/2166, 18.47%), diabe-
tes-hypertension diseases (group 3: 330/2166, 15.24%),
respiratory-heart diseases (group 4: 347/2166, 16.02%), and
CVDs (group 5: 1011/2166,46.67%).
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Figure 3. Cluster-specific conditional probabilities for the specific subgroups of older adults with low calf circumference and multimorbidity across 5

latent class models. CVD: cardiovascular disease.
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The EN analysis included 25 variables, and the multicate-
gorical variables were transformed using one-hot encoding
(Figure 4A shows the process of variable selection as the
penalty term increased). The best model was constructed
using the 10-fold cross-validation approach, with a=.5 and
A\ with an SD of 0.010503 as the ideal parameters (Figure 4B
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shows the cross-validation plot for the penalty term). Finally,
12 strong risk variables and their association coefficients
(Table 2) were obtained, including age, place of residence,
education, difficulty with ADLs, smoking, current alcohol
consumption, self-reported health, sleep quality, fall, BMI,
CES-D-10, and GAD-7.

Figure 4. Plots for elastic net coefficients over different values of the penalty parameter. CES-D-10: Center for Epidemiological Studies-Depression

Scale 10-item; GAD-7: Generalized Anxiety Disorder 7-item; MMSE: Mini-
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Table 2. The coefficient in the filter variables by the elastic net.

Peng et al

Variables Coefficient
Age: >90 years -0.43
Difficulty with activities of daily living -0.25
Education -0.10
Self-reported health: good -0.09
Smoking status: currently -0.03
CES-D-10? items 0.00
GAD-7° items 0.01
Current alcohol consumption: always 0.02
BMI 0.05
Self-reported health: very bad 0.07
Age: 75-89 years 0.10
Fall 0.11
Sleep quality: bad 0.18
Smoking status: quit 0.20
Self-reported health: fair 0.25
Place of residence 0.31
Self-reported health: bad 0.77

4CES-D-10: Center for Epidemiological Studies-Depression Scale 10-item.
PGAD-7: Generalized Anxiety Disorder 7-item.

Multidimensional Risk Factors for
Differences

The MLR identified risk variables for 5 latent categories,
using the relatively healthy group as the reference class
(Multimedia Appendix 3).

Demographic Data

The older adults aged 75 to 89 years were more likely
to have CVDs than the relatively healthy group, whereas
those aged >90 years were healthier. Urbanites had higher
rates of multimorbidity, notably in the multisystem mor-
bidity, diabetes-hypertension, CVDs, and respiratory-heart
disease groups. Multisystem diseases, diabetes-hypertension,
and CVDs are more common among educated older adults.

Behavioral Characteristics

Smoking history may enhance the chance of an older adult
being diagnosed with respiratory-heart disease and CVDs.
Current smoking does not appear to be a multimorbidity risk
factor. Little and often alcohol use may be detrimental for
diabetes-hypertension, CVDs, and respiratory-heart disease.
Arthritis-rheumatism and CVDs were more common in older
adults with poor sleep.

Physical and Psychological Health
Characteristics

According to the MLR, multisystem morbidity increased the
risk of depression. Assessment using the GAD-7, which
evaluates anxiety symptoms over the preceding 2 weeks,
indicated that the CVDs group may have had higher anxiety
levels than the healthy group in the past 2 weeks. A
higher BMI is a potential risk factor for falling across all

https://aging . jmir.org/2025/1/e68760

multimorbidity groups, excluding respiratory-heart disease.
Older adults with low CC who fell in the last year are
more than twice as likely to develop arthritis-rheumatism
or rheumatoid illness. The diabetes-hypertension, CVDs, and
respiratory-heart disease groups were more likely to include
older adults with ADL difficulties. The multimorbidity groups
self-reported their health as fair, bad, or very bad.

Discussion

Principal Findings

In China, we found that low CC is a common phenomenon
in community-dwelling older adults. LCA categorized these
older patients into 5 groups: multisystem morbidity diseases,
arthritis-rheumatism or rheumatoid diseases, diabetes-hyper-
tension diseases, respiratory-heart diseases, and CVDs. MLR
used 12 reliable risk variables established by EN and revealed
that older adults with low CC and multimorbidity exhibited
both comparable and dissimilar demographic, behavioral, and
physical and psychological health characteristics.

Sarcopenia is a common geriatric syndrome character-
ized by the progressive loss of skeletal muscle mass and
strength. It can be classified into primary sarcopenia, which
is age related, and secondary sarcopenia, which is caused by
factors such as malnutrition, physical inactivity, and chronic
inflammation. The pathophysiology of sarcopenia involves
disruptions in protein metabolism, neuromuscular degenera-
tion, and abnormal fat infiltration, all of which are closely
linked to the aging process [27,28]. Previous studies have
demonstrated that CC, as a simple and feasible proxy for
muscle mass, shows a declining trend with advancing age,
with a notable inflection point occurring around 65 years.
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This pattern aligns with the natural progression of sarcopenia.
Moreover, research suggests that calf muscle circumference,
which was calculated by subtracting the calf subcutaneous
fat thickness from the total CC, exhibits a stronger correla-
tion with skeletal muscle mass, indicating its potential value
as a more precise marker for early detection of sarcopenia.
Given its ease of measurement in community and primary
care settings, CC deserves further consideration as a practical
screening tool. In addition, muscle atrophy associated with
sarcopenia often coexists with bone mineral density loss and
changes in lower limb morphology, which may indirectly
influence CC measurements. Therefore, future studies should
further investigate the multidimensional associations between
CC, muscle mass, bone health, and functional status in older
adults. In addition, there are chronic diseases such as arthritis,
diabetes, varicose veins, neuromuscular diseases, and other
diseases that can affect the CC. Prior research has estab-
lished a correlation between low CC and chronic condi-
tions such as hypertension and diabetes, as well as overall
mortality [29,30]. Emerging evidence suggests that mitochon-
drial dysfunction in T cells may be a central mechanistic
driver of multimorbidity. T cells exhibiting mitochondrial
homeostatic imbalance synergistically exacerbate multiorgan
pathophysiological cascades through chronic inflammatory
activation, dysregulated metabolic interplay, and propagation
of senescence-associated secretory phenotype signaling [31].

Our study identified CVDs as the most prevalent
comorbidity pattern, providing a theoretical foundation for
optimizing preventive care and therapeutic strategies. The
marked disparity in CVD-related mortality between rural
and urban areas in China (46.7% vs 44.3%) underscores
the necessity for targeted implementation of mobile health
programs in rural regions with limited health care resour-
ces [32]. The findings revealed that CC <33 cm is a risk
factor for stroke and predisposes women to a higher risk of
carotid plaque development [33]. After adjusting for potential
confounders, a significant association between low CC and
hypertension was identified. The underlying etiology of low
CC may involve reduced capillary density and elevated
resting heart rate [34]. Elevated heart rate is a consequen-
tial result of reduced stroke volume and reduced ability to
tolerate exercise, which heightens the likelihood of cardi-
ovascular incidents and perhaps leads to chronic hyperten-
sion. Integrating routine CC measurements into primary
care screenings, coupled with patient education to enhance
self-assessment awareness of modifiable risks such as resting
heart rate and exercise tolerance, could mitigate the progres-
sion of CVDs in both populations.

Arthritis-rheumatism or rheumatoid disease is second only
to CVDs as a comorbid pattern, which is consistent with
the results of previous research [35]. Muscle atrophy is a
common problem in joint diseases, such as osteoarthritis, and
can also lead to articular muscle inhibition. Abnormal joint
afferent nerves trigger the release of neurotransmitters at the
spinal cord level, inhibiting the activity of a-motor neurons
and resulting in decreased muscle activity, which leads to
secondary muscle atrophy. A decrease in muscle measure-
ment indicators, such as low CC, reflects reduced muscle
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cross-sectional area and increased fat infiltration, indicating
muscle atrophy [36].

In this study, the combination of respiratory-heart disease
was identified as the third most common comorbidity.
Respiratory conditions such as chronic obstructive pulmo-
nary disease or asthma can cause chronic hypoxemia,
leading to pulmonary hypertension, increased right ventric-
ular load, and eventually right heart dysfunction. Hypoxia
also activates the sympathetic nervous system, elevating
heart rate and blood pressure, which may further strain the
cardiovascular system—potentially explaining this comorbid-
ity pattern. Hypertension and diabetes commonly co-occur,
largely due to overlapping pathophysiological mechanisms.
Insulin resistance activates the sympathetic nervous system
and the renin-angiotensin-aldosterone system, contributing to
elevated blood pressure. Hyperglycemia accelerates endo-
thelial dysfunction and atherosclerosis. Chronic inflamma-
tion, oxidative stress, and metabolic disturbances also play
key roles in the shared development of both conditions.
These comorbidity patterns have been established in separate
investigations [37,38]. Our study sample consisted of older
adults with low CC, which was a major source of discrepancy
in comorbid patterns compared to other studies.

Our results confirmed the findings of prior studies,
demonstrating that the prevalence of comorbidity was higher
among younger older individuals than among those who
lived longer [12]. One important source of potential bias is
selection bias, particularly survivorship bias, which refers to
the fact that individuals who reach exceptional longevity (eg,
age =90 y) are more likely to possess inherent physiological
resilience or to have consistently engaged in health-promoting
behaviors, such as lifelong physical activity and balanced
nutrition. Consequently, this population often appears as a
cohort with low prevalence of comorbidities in observational
studies. However, this phenomenon underscores a fundamen-
tal methodological limitation in aging research—namely, that
the survival process inherently filters out individuals with
greater vulnerability to chronic diseases, thereby potentially
underestimating the true burden of morbidity in the general
older adult population. Another factor that might explain this
phenomenon is remembering bias: they are more prone to
having both cognitive impairment and chronic diseases and
may not accurately record their chronic conditions. There is a
notable disparity in the prevalence of chronic diseases among
older adults living in urban and rural areas in China, largely
reflecting the unequal distribution of health care resources
[39]. These differences may also arise from variations in
lifestyle, health care access, and health awareness. Urban
residents generally have better access to medical services but
are more likely to engage in sedentary behavior and consume
high-fat diets, increasing their risk of chronic conditions.
In contrast, rural residents tend to engage in more physical
activity but often face limited access to timely diagnosis and
treatment. Socioeconomic and educational inequalities further
contribute to these urban-rural disparities [12,40].

Smoking is widely recognized as an independent behav-
ioral risk factor for respiratory diseases and CVDs [41].
In our cross-sectional analysis, we observed that personal
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smoking and drinking history were associated with increased
likelihood of coexisting respiratory-heart diseases, CVDs,
and diabetes-hypertension patterns in older adults. While
these associations cannot establish causal relationships, they
highlight potential modifiable lifestyle factors that warrant
attention in older adults.

Rheumatoid arthritis, often accompanied by joint pain,
swelling, and stiffness, may contribute to sleep disturban-
ces, which are also commonly reported in older adults with
multimorbidity. Moreover, both the disease itself and the side
effects of medications such as nonsteroidal anti-inflammatory
drugs and immunosuppressants may impair sleep quality
[42]. Similarly, in individuals with CVDs (eg, coronary
heart disease), nocturnal chest discomfort and medication use
(eg, diuretics and beta-blockers) may further disrupt sleep.
Importantly, joint dysfunction may lead to decreased physical
activity and subsequent muscle disuse, potentially contribu-
ting to low CC. Conversely, muscle weakness related to
sarcopenia may exacerbate joint instability and functional
limitations [43]. Given the potential bidirectional relation-
ship between them, clinicians should pay close attention to
musculoskeletal function in older adults with joint diseases.
Early identification of decreased lower limb muscle mass in
patients with arthritis may help prevent further functional
decline.

Regarding physical and psychological health characteris-
tics, one study confirmed that people with multiple illnesses
were 2 to 3 times more prone to developing depression than
those without multimorbidity. Our findings indicate that older
adults with multimorbidity are more likely to report psycho-
logical distress, including depressive and anxiety symptoms,
consistent with prior cross-sectional and longitudinal studies
[44]. A survey reported that the severity of anxiety symp-
toms is linked to a higher risk of cardiovascular problems
[45]. Although the directionality of these associations remains
uncertain, the co-occurrence of mental and physical health
conditions underscores the need for integrated care. Obesity
is a common risk factor for several diseases, and an obser-
vational study found that a higher BMI is one of the risk
factors for complex and frequent morbidity [46]. Arthritis-
rheumatoid joint diseases may cause calf muscle atrophy
and lower limb muscle weakness, increasing the likelihood
of falls [47]. Consistent with the existing evidence, loss
of ADLs is a risk factor for multiple morbidities in older
adults [48]. Higher body weight, joint disorders, and reduced
physical function suggest that clinical efforts in older adults
should focus on weight management, appropriate rehabilita-
tion or strength training to maintain musculoskeletal health,
and regular functional assessments. These measures may
help identify high-risk individuals early and facilitate timely
interventions to improve overall health outcomes.

Self-rated health, as a simple and cost-effective measure,
was associated with multimorbidity in our study. Older adults
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with negative perceptions of their health may be more likely
to present with multiple chronic conditions. Studies conduc-
ted in several countries have similarly supported this finding,
showing that patients with 3 or 4 disorders are significantly
more likely to report poor health [49]. This highlights the
potential value of incorporating self-rated health into routine
assessments to help identify individuals at higher health risk.

Strengths and Limitations

Our study has several strengths. First, our results are more
applicable because we used a sizable cohort of long-lived
Chinese citizens, which is nationally representative. Second,
the EN develops a variable model specifically suited to this
population, identifying significant risk factors. Third, due to
the potential existence of mixed factors in the study popula-
tion, we did not simply use the disease classification method
of combining 2, 3, or more diseases; instead, we selected
LCA for analysis to obtain different representative comorbid-
ity groups. More significantly, this is the first study to look at
risk factors for multimorbidity classifications in older adults
with low CC, which has significant ramifications for clinical
practice and health policy.

Our study also has some limitations. Although it was not
feasible to draw firm conclusions about causality from the
cross-sectional study, EN allowed us to develop a trustwor-
thy risk model. According to studies, CC measurements
in individuals with lower limb edema yielded erroneous
findings, and some patients with heart failure were excluded
from the study due to their swollen calves. Noncommunica-
ble illnesses are currently China’s top cause of death for
older adults. Some infectious illnesses have high fatality rates,
which might be the reason we did not find any evidence of
their prevalence.

Conclusions

This study found that individuals with low CC and multi-
morbidity constituted a large group that cannot be ignored
in the older adult population of the Chinese community,
and potential risk factors were revealed in different combi-
nations of multimorbidity. These findings underscore the
imperative to operationalize precision public health frame-
works —integrating geriatric biomarkers such as low CC
into multidisciplinary care models—to mitigate adverse
outcomes in high-risk older adults. Public health efforts
should prioritize community-based interventions such as
chronic disease self-management, coordinated primary care,
and preventive lifestyle support. Future research is needed to
evaluate the effectiveness and scalability of such approaches
to reduce the burden of multimorbidity and promote healthy

aging.
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