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Abstract: Objective: To explore the association between cardiometabolic multimorbidity and frailty among middle-
aged and older adults in China. Methods: Data were derived from the 2013 wave of the China Longitudinal Healthy
Longevity Survey, including a total of 6,179 individuals aged 45 years and above with complete follow-up records. Basic
demographic information was collected, and frailty status was assessed using a physical frailty scale. Generalized linear
models were employed to analyze the association between the number and combinations of cardiometabolic conditions—
such as hypertension, diabetes, heart disease, and stroke—and frailty. Results: The prevalence of cardiometabolic
multimorbidity among middle-aged and older adults was 14.23%. After adjusting for sociodemographic covariates,
individuals with cardiometabolic multimorbidity had a significantly increased risk of frailty compared to those without
such conditions (OR = 1.78, 95% CI: 1.45-2.19), along with higher frailty scale scores ( = 0.26, 95% CI: 0.19-0.34).
Compared to individuals without cardiometabolic diseases, those with both hypertension and stroke (OR = 1.18, 95% CI:
1.06—1.31) and those with hypertension, heart disease, and stroke (OR = 1.46, 95% CI: 1.24—1.73) exhibited notably higher
frailty risks. Conclusion: There is a significant association between cardiometabolic multimorbidity and frailty in middle-
aged and older adults in China, particularly for comorbidity patterns involving hypertension. These findings provide

evidence for developing targeted health interventions for aging populations.
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1. Introduction

China is currently facing a severe challenge of population aging, and the health issues of middle-aged and older
adults have attracted increasing attention. With advancing age, the prevalence of chronic diseases rises steadily
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in this population, and the phenomenon of individuals suffering from multiple chronic conditions simultaneously
(known as multimorbidity) has become increasingly common. Previous studies have shown that 55.77% of
middle-aged and older adults in China suffer from two or more chronic diseases simultaneously ”. Among
the various chronic disease patterns, cardiometabolic multimorbidity (CMM) is one of the most prevalent and
relatively stable combinations ', referring to the co-occurrence of two or more cardiometabolic diseases (CMD)
in an individual. Frailty is a common geriatric syndrome characterized by a decline in physiological reserves
and multiple organ functions with aging . The coexistence of multiple chronic diseases may lead to functional
decline, reduced endurance, and immobility among middle-aged and older adults, ultimately resulting in frailty
and increasing the risks of disability, hospitalization, and mortality. Previous studies have confirmed that
cardiometabolic multimorbidity is a significant risk factor for frailty in middle-aged and older populations >,

Most existing studies have focused on single or a limited number of specific disease combinations, or have
examined the relationship between the number of chronic conditions and frailty without fully considering the cumulative
effects of different combinations of cardiometabolic diseases. Therefore, this study draws upon data from the Chinese
Longitudinal Healthy Longevity Survey (CLHLS) to systematically examine the association between cardiometabolic
multimorbidity and frailty from two perspectives: the number of diseases and their specific combinations. The aim is to
provide scientific evidence for delaying frailty in China’s middle-aged and older population.

2. Participants and methods

2.1. Study population

The data used in this study were obtained from the publicly available database of the Chinese Longitudinal
Healthy Longevity Survey (CLHLS), which covers 28 provinces, municipalities, and autonomous regions across
China and is highly representative. However, due to the incompleteness of physical examination data (such as
height, weight, grip strength, and walking speed) in the 2015 and 2018 waves, frailty could not be assessed in
those years. Therefore, this study used data from the 2013 wave. A total of 13,138 participants aged 45 years and
above were initially included. After excluding 6,959 individuals with missing information on cardiometabolic
diseases or the frailty scale, 6,179 participants remained in the final analysis. All participants had signed informed
consent forms prior to the survey. The use of all data in this study was exempted from ethical review by the
hospital ethics committee (Application number: 2025-L-007).

2.2. Research methods

2.2.1. Basic information

In this study, cardiometabolic diseases included hypertension, diabetes, heart disease, and stroke. CMM was
defined as the simultaneous presence of two or more of these conditions in an individual . Information on
whether participants had been diagnosed with hypertension, diabetes, heart disease, or stroke was obtained through
a structured questionnaire. In addition, basic demographic and health-related variables were collected, including
gender, age, type of residence, marital status, education level, smoking behavior, alcohol consumption, body mass
index (BMI), history of falls, sleep duration at night, and self-rated health status.

2.2.2. Physical Frailty Phenotype (PFP)
This study used the Physical Frailty Phenotype (PFP), developed by Fried et al., to assess frailty status "'”. The
scale consists of five criteria: slowness, weakness, weight loss, low physical activity, and exhaustion. All data
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were sourced from the CLHLS database, with reference to established criteria used in prior frailty studies based
on CLHLS data """"*. Slowness: Assessed by measuring the time required to walk 2.5 meters. The average of two
trials was used, and slowness was defined as being in the slowest 20% of walking speed based on gender and
height. Weakness: Measured using grip strength of the dominant hand. The highest value from the two trials was
recorded. If there was no dominant hand, the highest value of both hands was used. Weakness was defined as grip
strength in the lowest 20%, adjusted for gender and BMI. Weight loss: Defined as a self-reported unintentional
weight loss of more than 5 kg since the last survey or a BMI < 18.5. Low physical activity: Defined as the inability
to walk or engage in physical activity for at least 10 minutes in a typical week, based on self-report. Exhaustion:
Measured using two items from the 10-item Center for Epidemiologic Studies Depression Scale (CESD-10): “I
felt that everything I did was an effort” and “I could not get going.” Participants were considered exhausted if they
responded “‘sometimes or occasionally (3—4 days)” or “most of the time (5—7 days)” to either item. Each criterion
that meets the standard is assigned 1 point, resulting in a total score ranging from 0 to 5. Based on the total score,
participants are classified into three categories: 0 points: non-frail; 1-2 points: pre-frail; 3—5 points: frail.

2.3. Statistical analysis

In this study, data organization and analysis were performed using Stata 18.0 software. The sociodemographic
characteristics of the participants were summarized using descriptive statistics, including median, interquartile
range, frequency, and percentage (%). The main exposure variables were the number and combination patterns of
cardiometabolic diseases in 2013, while the outcome variables included the presence of frailty and the PFP score.
In the analysis, sociodemographic covariates were adjusted, and a generalized linear model was used to explore
the association between cardiometabolic multimorbidity patterns and frailty. The analysis of frailty status used a
Logit link function, while the analysis of the PFP score used an Identity link function. The significance level for
statistical tests was set at o = 0.05, and all tests were two-tailed.

3. Results

3.1. Basic characteristics of the study participants

This study included 6,179 participants, with an age range primarily between 60 and 74 years, and an average age
of 66 (66 + 10) years. In terms of gender distribution, there were 3,116 males (49.69%) and 3,063 females (50.31%).
Among the participants, 1,067 (17.30%) were in a frail state. A total of 2,766 participants had cardiometabolic
diseases, distributed as follows: 1,263 individuals had only hypertension, accounting for 9.51%; 171 individuals
had only diabetes, accounting for 6.18%; 397 individuals had only heart disease, accounting for 14.35%; 56
individuals had only stroke, accounting for 2.02%; 182 individuals had both hypertension and diabetes, accounting
for 6.58%; 408 individuals had both hypertension and heart disease, accounting for 14.75%; 73 individuals had
both hypertension and stroke, accounting for 2.64%; 40 individuals had both diabetes and heart disease, accounting
for 1.45%; 7 individuals had both diabetes and stroke, accounting for 0.25%; 9 individuals had both heart disease
and stroke, accounting for 0.33%; 90 individuals had hypertension, diabetes, and heart disease, accounting for
3.25%; 30 individuals had hypertension, heart disease, and stroke, accounting for 1.08%; 18 individuals had
hypertension, diabetes, and stroke, accounting for 0.65%; 4 individuals had diabetes, heart disease, and stroke,
accounting for 0.14%; 18 individuals had hypertension, diabetes, heart disease, and stroke, accounting for 0.65%.
Among the participants, 879 individuals had cardiometabolic multimorbidity, accounting for 14.23%. Detailed
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data are presented in Table 1.

Table 1. Basic characteristics of study participants in two groups

Item Category Number Cardiometabolic multimorbidity
Age 45-59 years 471 49 (10.4%)
60-74 years 4,687 684 (14.6%)
>775 years 1,021 146 (14.3%)
Gender Male 3,116 503 (16.1%)
Female 3,063 376 (12.3%)
Living type Rural 4,943 617 (12.5%)
Urban 1,236 262 (21.2%)
Education level No education 2,162 274 (12.7%)
Primary school or below 2,832 378 (13.3%)
High school or below (vocational) 1,101 208 (18.9%)
College or above 84 19 (22.6%)
Marital status Married or cohabiting 1,230 203 (16.5%)
Not married (divorced, single, or widowed) 4,949 676 (13.7%)
BMI (kg/m’) <185 511 34 (6.7%)
18.5-24.9 3,781 374 (9.9%)
>25.0 1,887 471 (25.0%)
Fall situation Had a fall (within the last two years) 1,132 195 (17.2%)
No fall 5,047 684 (13.6%)
Smoking behavior Never smoked 3,358 536 (16.0%)
Currently smoking 2,323 250 (10.8%)
Former smoker 498 93 (18.7%)
Drinking habit Never drank 3,389 524 (15.5%)
Currently drinking 1,982 206 (10.4%)
Former drinker 808 149 (18.4%)
Nighttime sleep duration <6h 3,301 510 (15.4%)
6-8h 1,056 127 (12.0%)
>8h 1,822 242 (13.3%)
Self-reported health Excellent 674 38 (5.6%)
Very good 247 12 (4.9%)
Good 1,957 219 (11.2%)
Fair 2,255 341 (15.1%)
Poor 1,046 269 (25.7%)
Frailty Yes 1,067 189 (17.7%)
No 5,091 690 (13.6%)
Hypertension Yes 2,123 819 (38.6%)
No 4,056 60 (1.5%)
Diabetes Yes 535 359 (67.1%)
No 5,644 520 (9.2%)
Heart disease Yes 1,008 599 (59.4%)
No 5,171 280 (5.4%)
Stroke Yes 217 159 (73.3%)
No 5,962 720 (12.1%)

Note: Unit: Person (%).
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3.2. Relationship between the number of cardiometabolic diseases and frailty

The results of this study indicate that among the 6,179 elderly individuals, the prevalence of CMM is 14.23%,
with 189 individuals (21.50%) experiencing frailty. After adjusting for sociodemographic covariates, compared
to individuals without CMD, those with 1 type of CMD and CMM had higher PFP scores (f = 0.12, 95% CI:
0.07-0.18; B = 0.26, 95% CI: 0.19-0.34) and a higher risk of frailty (OR = 1.32, 95% CI: 1.12—1.55; OR = 1.78,
95% CI: 1.45-2.19). Compared to individuals with 1 type of CMD, those with CMM had elevated PFP scores (8
=0.14, 95% CI: 0.06-0.22) and a higher risk of frailty (OR = 1.35, 95% CI: 1.09—-1.67). The analysis results of the
generalized linear models for frailty status and PFP scores with the number of CMD are shown in Tables 2 and 3.

Table 2. Generalized linear model analysis of cardiometabolic disease number and frailty

Cardiometabolic disease number OR (95% CI) B SE Wald 5 P
1 type (Compared to no disease) 1.32 (1.12-1.55) 0.28 0.08 11.42 <0.01
> 2 types (Compared to no disease) 1.78 (1.45-2.19) 0.58 0.11 29.60 <0.01
> 2 types (Compared to 1 disease group) 1.35 (1.09-1.67) 0.30 0.11 7.62 <0.01

Note: Adjusted for age, gender, living type, marital status, education level, fall history, smoking behavior, drinking habits,
BMI, night sleep duration, and self-rated health status.

Table 3. Generalized linear model analysis of cardiometabolic disease number and PFP score

Cardiometabolic disease number B (95% CI) Wald 5 P
1 type (Compared to no disease) 0.12 (0.07-0.18) 19.38 <0.01
> 2 types (Compared to no disease) 0.26 (0.19-0.34) 45.19 <0.01
> 2 types (Compared to 1 disease group) 0.14 (0.06-0.22) 12.60 <0.01

Note: Adjusted for age, gender, living type, marital status, education level, fall history, smoking behavior, drinking habits,
BMI, night sleep duration, and self-rated health status.

3.3. Cardiometabolic disease combinations and frailty

Compared to individuals without CMD, elderly individuals with only hypertension (OR = 1.05, 95% CI: 1.02—
1.07), hypertension and stroke (OR = 1.18, 95% CI: 1.06—1.31), and those with hypertension, heart disease, and
stroke (OR = 1.46, 95% CI: 1.24-1.73) showed a significantly increased risk of frailty (P < 0.01), as shown in
Table 4.

Compared to individuals without CMD, elderly individuals with only hypertension (f = 0.13, 95% CI: 0.07-
0.19), only heart disease (p = 0.12, 95% CI: 0.03—0.22), hypertension and diabetes (f = 0.22, 95% CI: 0.08-0.36),
hypertension and heart disease (f = 0.18, 95% CI: 0.08-0.29), hypertension and stroke ( = 0.51, 95% CI: 0.26—
0.76), hypertension, diabetes, and heart disease (B = 0.31, 95% CI: 0.12—0.51), and hypertension, heart disease,
and stroke (B = 0.83, 95% CI: 0.42—1.24) had significantly higher PFP scores (P < 0.01), as shown in Table 5.
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Table 4. Generalized linear model analysis of cardiometabolic disease combinations and frailty

f{fn‘:‘l‘)’lrn ";g:g Diseases involved Frailty status [# (%)]  OR (95% CI) B SE Waldy P
0 diseases 529 (15.50%)

1 disease Hypertension only 238 (18.84%) 1.05 (1.02-1.07)  0.05 0.01 13.14 <0.01
Diabetes only 23 (13.45%) 1.00 (0.94-1.04) -0.01 0.03  0.07 0.79

Heart Disease only 72 (18.14%) 1.03 (1.01-1.04) 0.03 0.02 1091 0.17
Stroke only 16 (28.57%) 1.13(1.00-1.26) 0.12 0.06 432 <0.05

2 diseases Hypertension, diabetes 31 (17.03%) 1.06 (1.00-1.12)  0.06 0.03 3.76 0.05
Hypertension, heart disease 81 (19.85%) 1.05(1.01-1.10)  0.05 0.02 5.81 <0.05

Hypertension, stroke 24 (32.88%) 1.18 (1.06-1.31) 0.17 005 9.62 <0.01

Diabetes, heart disease 8 (20.00%) 1.08 (0.95-1.22) 0.07 0.06 1.36 0.24

Diabetes, stroke 2 (28.57%) 1.15(0.82-1.61) 0.14 0.17  0.57 0.44

Heart disease, stroke 2(22.22%) 1.06 (0.82-1.31)  0.06 0.13  0.18 0.67
3 diseases Hype“enSig?s’e‘;i:‘ebetes’ heart 16 (17.78%) 1.09(1.01-1.18)  0.09 0.04 428 <0.05
Hypertension, diabetes, stroke 4 (22.22%) 1.13(0.91-1.39) 0.12 0.09 1.31 0.19

Hypertension, heart disease, stroke 16 (53.33%) 1.46 (1.24-1.73) 038 0.08 2047 <0.01

Diabetes, heart disease, stroke 0 (0.00%) 0.87 (0.80-0.94) -0.14 0.04 11.09 <0.01

4 diseases Hypertension, diabetes, heart 5 (27.78%) 118 (1.04-134) 017 011 247  0.12

disease, stroke

Note: Adjusted for age, gender, living type, marital status, education level, fall history, smoking behavior, drinking habits,
BMI, night sleep duration, and self-rated health status.

Table 5. Generalized linear model analysis of cardiometabolic disease combinations and PFP score

Comorbidity group Diseases involved PFP score B (95% CI) SE Wald ¥ P
0 diseases 1.51+0.99 0.00

1 disease Hypertension only 1.59+1.00 0.13 (0.07-0.19)  0.01 13.14 <0.01
diabetes only 1.46+0.93 0.00(-0.14-0.14) 0.03 0.07 0.10
Heart disease only 1.61+0.96 0.12(0.03-0.22)  0.02 1.91 <0.01

Stroke only 1.79+1.29  0.25(-0.05-0.56) 0.06 432 0.10
2 diseases Hypertension, diabetes 1.59+£0.95 0.22(0.08-0.36) 0.03 3.76 <0.01
Hypertension, heart disease 1.65+1.01 0.18(0.08-0.29) 0.02 5.81 <0.01

Hypertension, stroke 2.03+1.14  0.51(0.26-0.76)  0.05 9.62 <0.01

Diabetes, heart discase 1.65+1.12 0.24 (-0.07-0.55)  0.06 1.36 0.13

Diabetes, stroke 2.00+1.41 0.53(-0.44-1.50) 0.17 0.57 0.29

Heart disease, stroke 144 +1.13 -0.08 (-0.73-0.56) 0.13 0.18 0.80
3 diseases Hypertension, diabetes, heart disease 1.62+0.95 0.31(0.12-0.51) 0.04 4.28 <0.01
Hypertension, diabetes, stroke 1.61£0.92 0.28 (-0.09-0.65) 0.09 1.31 0.13
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Table 5 (Continued)

Comorbidity group Diseases involved PFP score B (95% CI) SE Wald ¥ P
Hypertension, heart disease, stroke 230+1.26 0.83(0.42-1.24) 0.08 20.47 <0.01
Diabetes, heart disease, stroke 1.25+0.50 -0.21 (-0.63-0.20) 0.04 11.09 0.31
4 diseases Hypertension, diabetes, heart disease, stroke ~ 1.89+1.02  0.54 (0.07-1.01)  0.11 2.47 <0.05

Note: Adjusted for age, gender, living type, marital status, education level, fall history, smoking behavior, drinking habits,
BMI, night sleep duration, and self-rated health status.

4. Discussion

This study found that as the number of CMD increases, the risk of frailty among Chinese middle-aged and
elderly individuals also increases '"*'. Similar to previous studies, we found that older adults with multiple chronic
conditions are more likely to experience worsening frailty over time "*'*). As the number of diseases increases,
elderly populations with cardiovascular-metabolic multimorbidity are more prone to muscle loss, with multiple
diseases interacting synergistically '*. Hanlon ez al. showed that the increase in frailty prevalence is associated
with a greater number of chronic diseases among elderly individuals with multimorbidity ", Multimorbidity leads
to greater physiological burden, and the side effects of polypharmacy may exacerbate the risk of frailty """,

The effect of different combinations of CMD on frailty varies. This study found that cardiovascular-
metabolic multimorbidity that includes hypertension is associated with a higher risk of frailty, consistent
with previous studies !"”*”. Hypertension and other chronic diseases are considered significant risk factors for
frailty ). Hypertension activates chronic inflammation, which often involves pathological changes in the nervous,
musculoskeletal, endocrine, immune, and blood systems *>*, This leads to cognitive decline, physical frailty, and
a higher risk of falls, which accelerates the onset of frailty. Hypertension, diabetes, heart disease, and stroke share
common risk factors such as obesity, smoking, and lack of physical activity **. Additionally, the physiological
and biological mechanisms linking hypertension, diabetes, heart disease, stroke, and frailty are similar, including
inflammation and immune dysfunction, mitochondrial dysfunction, and endocrine-metabolic imbalance leading to
physical decline (sarcopenia)****. Ultimately, these factors contribute to the onset of frailty.

5. Conclusion

This study, based on nationwide representative data of middle-aged and elderly individuals in China, provides
results with general applicability. From the dual perspective of the number and combination patterns of
cardiovascular-metabolic multimorbidity and their relationship with frailty, this study offers a new methodological
approach and exploration for investigating the correlation between multimorbidity patterns and frailty outcomes.
However, this study has several limitations. Firstly, the data on cardiovascular-metabolic multimorbidity in the
CLHLS database are primarily based on self-reports from the participants, which may lead to recall bias and
reporting bias, thus affecting the accuracy of morbidity rates. Secondly, due to data accessibility constraints, this
study did not conduct more detailed classifications of hypertension, diabetes, heart disease, or stroke, nor did it
delve into the progression and severity of cardiovascular-metabolic diseases. Future research will further explore
the specific impact of different disease subtypes and their severity on frailty.

In summary, as aging intensifies, frailty not only poses a severe challenge to the health of the middle-aged
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and elderly population but also brings significant burdens to families and society. It has become an urgent public

health issue that needs to be addressed. Cardiovascular-metabolic multimorbidity, especially the multimorbidity

involving hypertension, is closely related to the onset of frailty. Therefore, tailored treatment and care strategies

for specific cardiovascular-metabolic multimorbidity patterns should be developed, with scientific and effective

prevention and intervention measures implemented in the early stages of multimorbidity. This is not only crucial

for reducing the risk of frailty among the middle-aged and elderly population but also an important pathway for

promoting healthy aging.
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