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Background: To explore the precise classification of elderly patients with multimorbidity and identify subgroups with an increased 
prevalence of related diseases.
Methods: A data-driven clustering analysis (K-means clustering) was conducted on individuals aged 60 years or older with 
comorbidities. The clustering was based on five essential and routinely measured variables: body mass index (BMI), intrinsic capacity 
(IC), low-density lipoprotein cholesterol (LDL-c), fasting plasma glucose (FPG), and systolic blood pressure (SBP). Logistic 
regression models were used to compare the prevalence of diabetes, coronary heart disease, hypertension, osteoporosis, sarcopenia, 
and frailty among the clusters.
Results: A total of 350 elderly patients with a mean age of 78.74 ± 8.27 years were included. Four subtypes of elderly patients with 
multimorbidity were identified, with significant differences in disease prevalence observed among the groups. Specifically, cluster 1 
included 70 participants who exhibited the highest levels of LDL-c and BMI, as well as relatively higher IC scores. Cluster 2 consisted 
of 117 participants, who had the highest IC scores among all clusters and similar BMI levels to cluster 1. Cluster 3 included 77 
participants and was distinguished by the highest SBP levels. Cluster 4, comprising 86 participants, had the lowest IC and BMI levels. 
Compared with cluster 2, cluster 4 had significantly higher prevalence of hypertension and frailty. Cluster 3 and 4 had higher 
prevalence of coronary heart disease compared with cluster 1, and cluster 4 had the highest prevalence of osteoporosis and sarcopenia.
Conclusion: There is significant pathophysiological heterogeneity among individuals with elderly multimorbidity. This classification 
method provides a crucial foundation for understanding disease complexity in this population. Future research, including intervention 
studies based on these classifications, is needed to evaluate their potential clinical utility.
Keywords: aged, multimorbidity, clustering analysis, intrinsic capacity

Introduction
Elderly individuals often suffer from multiple chronic comorbidities, have poor organ reserve functions, and low 
compensatory capabilities, making them susceptible to interactions between various diseases.1 Among older adults in 
the United States, the prevalence of chronic disease comorbidity is notably high, reaching approximately 77.0%.2 In 
a similar vein, China reports a substantial prevalence of multimorbidity, with 52.9% of older adults (aged 60 years and 
above) experiencing multiple chronic conditions.3 The uncertainty of multimorbidity patterns in the elderly poses greater 
challenges to clinical diagnosis and treatment. Compared to a single chronic disease, multimorbidity in the elderly has 
adverse effects on patients’ health and quality of life, increases healthcare expenditures, and complicates the management 
of patients’ health conditions. Currently, clinical practice and scientific research predominantly focus on single diseases 
or individual systems. However, the combinations of multimorbidities in older adults are highly diverse, and the 
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cumulative effects on the human body resulting from the complex interplay of multiple diseases cannot be effectively 
managed by simply superimposing several individual medical decisions.

The intrinsic capacity (IC) framework, initially proposed by the World Health Organization, was introduced in 2017 
through a publication, which recommend screening for cognition, vitality (nutrition), mobility, depression, and sensory.4,5 

The five domains of IC were utilized to predict participation patterns among older adults, thereby shifting the focus from 
merely the absence of disease to a more holistic paradigm of healthy aging that emphasizes functional ability. To 
implement personalized treatment, it is crucial to reclassify older adults with multimorbidity, enabling precise and 
effective interventions for those at the highest risk. Several studies have explored data-driven classifications of IC in 
older adults. Justin et al6 and Reshma et al7 analyzed the relationships between different clusters and IC, but none of 
these studies have linked the classifications to disease outcomes. This study aims to explore whether the assessment of IC 
and common metabolic parameters supports the classification of multimorbidity in older adults, and whether there are 
differences in disease prevalence among different classifications, providing a reference for personalized intervention.

Methods
Study Design and Population
This cross-sectional study examines IC among elderly patients aged 60 years and older at Beijing Hospital in China from 
November 2020 to December 2023. Participants were included if they met the following criteria: (1) aged 60 years or 
older and (2) diagnosed with at least two of the chronic diseases. We excluded individuals who were wheelchair-bound, 
bedridden, or had mental illnesses. Individuals with incomplete measurement data were excluded. Ultimately, a total of 
350 participants were included in the final analysis (Figure 1). Ethical approval for this study was obtained from the 
Medical Ethics Committee of Beijing Hospital (Approval number: 2024BJYYEC-KY083-02). This study was conducted 
in compliance with the principles of the Declaration of Helsinki (2013 revision). Given the retrospective nature of this 
study and the maintenance of patient anonymity, a waiver for informed consent was granted.

Figure 1 Flowchart of participant selection. T2DM, type 2 diabetes mellitus; CHD, coronary heart disease.
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Measurements of Intrinsic Capacity
We employed the IC framework, which was originally proposed by the World Health Organization.4 The IC score is 
constructed as follows: each domain has a maximum score of 2 points, with declines in each domain calculated as either 
0 or 1 point. The total IC score is determined by summing the scores across the five domains, with higher scores 
indicating greater IC in older adults.8

Cognitive status was evaluated using the Mini-Mental State Examination (MMSE), with scores below 27 indicating 
abnormal cognition.9 For vitality, the Mini Nutritional Assessment Short-Form (MNA-SF) was applied, where a score of 
≥12 signifies good nutritional status.10 Mobility was assessed using the Short Physical Performance Battery (SPPB), 
which included a 4-meter walking speed test, a standing balance test, and a repeated chair rise test.11 Depressive 
symptoms were identified using the Geriatric Depression Scale-15 (GDS-15), with scores above 4 indicating the presence 
of depressive symptoms.12 For sensory function, both auditory and visual impairments (0 points), either vision or hearing 
impaired (1 point), or both normal (2 points).

Data Collection
General demographic information, questionnaires, and scales were collected via face-to-face interviews conducted by 
uniformly trained nurses. Smoking status was determined using a standardized question: “Do you still smoke or have you 
completely quit smoking?” Participants who answered “still smoke” were defined as smokers. Alcohol consumption was 
defined as drinking more than once a month. Blood pressure was measured three times using a digital sphygmoman
ometer (Omron), after at least 5 minutes of rest in a seated position. Grip strength was assessed using the Leaping 
HealthTM WL-1000 dynamometer. Participants held the device at a 90° angle and squeezed as hard as possible, with two 
measurements taken for each hand to determine the maximum grip strength. Additionally, we collected data on results of 
routine blood tests, lipid profiles, and biochemical analyses using calibrated instruments.

Diagnostic information about patients was collected through the hospital’s electronic medical record system. Our 
study encompassed a range of diseases identified using the International Classification of Diseases, 10th Revision (ICD- 
10) codes, including osteoporosis (M80, M80.091, M80.191, M80.591–M81.191, M81.5, M81.591–M81.992), diabetes 
(E10.001–E10.161, E10.733–E11.151, E11.733, E11.901, E13.2521–E14.151, E14.733, E14.901), hypertension 
(I10xx01–I10xx29, I15.001–I15.901), coronary heart disease (I24.803, I25.105–I25.231, I25.601), sarcopenia 
(M62.504), and frailty (R68.802). Sarcopenia was diagnosed according to the AWGS 2019 criteria.13 Frailty was 
assessed using the Clinical Frailty Scale-09 (CFS-09), with participants classified as frail if scoring ≥5.14 Comorbidity 
was defined as the presence of two or more concurrent chronic conditions in an individual.15

Statistical Analysis
Key clinical variables were selected based on the following criteria: (1) Essential for characterizing comorbidities; (2) 
Routinely measured in clinical practice; (3) Easily interpretable and having clear physiological significance. Additionally, 
a smaller number of variables were chosen to enhance the generalizability of the classification model. Variables included 
in the cluster analysis were body mass index (BMI), IC, low density lipoprotein cholesterol (LDL-c), fasting plasma 
glucose (FPG), and systolic blood pressure (SBP). Cluster analysis was performed on standardized values (mean = 0, 
standard deviation = 1). Participants with extreme outliers (absolute standardized values > 5) were excluded from 
subsequent analyses.

A two-stage clustering approach was employed. In the first stage, consensus clustering analysis using the K-means 
algorithm was performed on 100 random subsamples to determine the optimal number of clusters.16,17 The optimal 
number of clusters was selected based on consensus matrix heatmaps, cumulative distribution function (CDF) plots, and 
consensus scores. In the second stage, patients were assigned to seven clusters using the fpc package (runs = 100) for 
K-means clustering. Clusters were considered stable when the Jaccard similarity index exceeded 0.75.18 Logistic 
regression analysis was conducted to examine the relationship between comorbidities and participation clusters, with 
results presented as odds ratios (OR) and 95% confidence intervals (CI). All statistical analyses were performed using 
R version 4.4.2, with significance set at P < 0.05.
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Results
Baseline Characteristics
A total of 350 elderly patients with a mean age of 78.74 ± 8.27 years were included. Among them, 176 (50.3%) were 
female and 174 (49.7%) were male. Overall, the mean BMI for the entire cohort was 23.62 ± 4.04kg/m2, and the total IC 
score was 5.35 ± 2.59. The prevalence of diabetes, coronary heart disease, hypertension, and osteoporosis was 67.9%, 
76.4%, 96.2%, and 75.2%, respectively. Sarcopenia and frailty were present in 22.1% and 57.9% of the participants, 
respectively.

Cluster Analysis
Through the visualization of consensus matrices, CDFs, and the relative increase in the area under the CDFs, the 
consensus clustering algorithm determined that K = 4 clusters optimally captured the data patterns of elderly participants 
with comorbidities (Supplementary Figure 1). We applied K-means clustering to the entire cohort of elderly participants, 
with cluster stability assessed via Jaccard similarity indices exceeding 0.76 for the four clusters. The cluster centers 
determined by K-means clustering of the analysis datasets are provided in Supplementary Table 1. Baseline character
istics of study participants in four clusters is shown in Table 1.

Table 1 Baseline Characteristics of Study Participants in Four Clusters

Cluster 1 
(n=70, 20.0%)

Cluster 2 
(n=117, 33.4%)

Cluster 3 
(n=77, 22.0%)

Cluster 4 
(n=86, 24.6%)

Female 39(55.7%) 51(43.6%) 37(48.1%) 49(57.0%)
Age (y) 76.00±8.26 76.09±8.58 82.12±7.27 81.55±6.57

High school or higher education 52(74.3%) 85(72.6%) 55(71.4%) 54(62.8%)

Weight (kg) 68.67±12.46 69.56±11.56 61.55±10.38 53.82±9.25
BMI (kg/m2) 25.98±3.92 25.27±3.14 22.83±3.34 20.16±3.17

Grip (kg) 22.61±9.14 23.62±8.54 18.88±8.37 14.75±7.25

Current smoking 9(12.9%) 18(15.4%) 4(5.19%) 6(6.98%)
Current drinking 7(10.0%) 11(9.4%) 6(7.8%) 2(2.3%)

aCCI 6.00(5.00, 7.00) 7.00(5.00, 8.00) 8.00(6.00, 9.00) 7.00 (6.00, 9.00)
Number of medications 6.00 (3.50, 9.00) 8.00(5.00, 11.00) 10.00(7.00, 12.00) 8.00(6.00, 12.00)

SBP (mmHg) 130.00±16.60 121.00±13.80 160.00±13.80 122.00±13.10

DBP (mmHg) 74.00(67.00, 80.00) 72.00(64.00, 77.00) 76.00(67.00, 82.00) 68.00(62.00, 74.00)
HDL-c (mmol/L) 1.18(0.96, 1.39) 1.09 (0.88, 1.29) 1.09(0.91, 1.37) 1.18(0.91, 1.43)

LDL-c (mmol/L) 3.46(3.07, 3.76) 1.80(1.35, 2.27) 2.16(1.77, 2.60) 2.17(1.75, 2.54)

Total cholesterol (mmol/L) 5.10±10.00 3.37±0.72 3.85±0.86 3.90±1.01
Triglyceride (mmol/L) 1.46(1.09, 1.89) 1.13(0.82, 1.62) 1.14(0.88, 1.43) 0.98(0.75, 1.31)

FPG (mmol/L) 5.90(5.20, 7.18) 5.70(5.10, 6.80) 5.80(4.80, 7.30) 5.40(4.70, 7.10)

HbA1c (%) 6.50(5.90, 7.40) 6.65(6.00, 7.50) 6.55(5.90, 7.58) 6.20(5.60, 6.90)
Creatinine (mg/dL) 66.00(56.50, 88.50) 72.50(62.00, 86.00) 72.00(60.00, 108.00) 74.00 (64.00, 95.75)

eGFR (mL/min/1.73 m2) 82.70(58.60, 89.35) 81.10(62.88, 88.25) 76.20(42.40, 84.20) 67.50(47.90, 82.60)

ALT (U/L) 14.00(10.75, 20.00) 16.00(12.00, 22.00) 15.00(11.00, 20.00) 14.00(9.00, 22.00)
AST (U/L) 17.00(14.00, 21.00) 18.00(16.00, 25.00) 17.00(15.00, 23.00) 18.00(14.00, 25.00)

Albumin (g/L) 38.00(36.00, 40.00) 38.00(35.00, 40.00) 37.00(33.00, 39.00) 36.00(31.75, 37.00)

MMSE score 27.00(25.00, 28.00) 27.00(24.50, 28.00) 25.00(21.00, 27.00) 21.00(18.00, 24.50)
GDS-15 4.00(2.00, 7.00) 3(1.75, 6.00) 3.00(2.00, 5.00) 8.00(5.00, 9.50)

MNA-SF 13.00(10.00, 14.00) 13.00(11.00, 14.00) 11.00(9.00, 12.25) 8.00(6.00, 10.00)

CFS-09 4.00(3.00, 5.00) 4.00(4.00, 5.00) 5.00(4.00, 6.00) 6.00(5.00, 6.00)
IC 7.00(5.00, 8.00) 7.00(6.00, 8.00) 5.00(4.00, 7.00) 2.00(1.00, 4.00)

Notes: Data are presented as mean ± SD, number (percentage), or median (interquartile range). 
Abbreviations: BMI, body mass index; aCCI, age-adjusted Charlson Comorbidity Index; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; HDL-c, high-density lipoprotein cholesterol; LDL-c, low density lipoprotein cholesterol; FPG, fasting glucose; eGFR, estimated glomerular 
filtration rate; ALT, alanine transaminase; AST, aspartate aminotransferase; MMSE, Mini-Mental State Examination; GDS-15, Geriatric Depression 
Scale-15; MNA-SF, Mini Nutritional Assessment Short-Form; CFS-09, Clinical Frailty Scale-09; IC, intrinsic capacity.
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As is shown in Figures 2 and 3, cluster 1, with 70 participants (20.0%), exhibited the highest levels of LDL-c and 
BMI, along with relatively higher IC scores. Cluster 2 included 117 participants (33.4%), who had the highest IC scores 
among all clusters, similar BMI levels to Cluster 1, but the lowest LDL-c and SBP. Cluster 3 consisted of 77 participants 
(22.0%) and was distinguished by the highest SBP levels, though other features were relatively lower. Cluster 4, 
comprising 86 participants (24.6%), had the lowest IC and BMI levels, along with relatively lower SBP.

Associations Between Comorbidity Clusters and Major Diseases
Among the participants, the prevalence of diabetes was 67.9%, coronary heart disease 76.4%, hypertension 96.2%, and 
osteoporosis 75.2%. Sarcopenia was identified in 22.1% of the participants, while frailty was noted in 57.9%. After 
adjusting for covariates, we found significant differences in comorbidity prevalence among clusters (Figure 4 and 
Supplementary Figure 2). Cluster 4 had the highest prevalence of comorbidities, followed by Cluster 3. Relative to 
Cluster 1, which exhibited the lowest prevalence of coronary heart disease, the ORs for coronary heart disease in Clusters 
3 and 4 were 2.49 (95% CI: 1.07–5.99) and 2.54 (95% CI: 1.06–6.21), respectively (model 2). Compared with Cluster 2, 
Cluster 4 had significantly higher ORs for hypertension (OR: 7.86, 95% CI: 1.04–166.90) and frailty (OR: 6.53, 95% CI: 
2.17–21.96) in model 2. Additionally, when compared to Cluster 1, Cluster 4 showed elevated ORs for osteoporosis (OR: 
2.74, 95% CI: 1.19–6.60) and sarcopenia (OR: 4.54, 95% CI: 1.79–12.72) in model 1.

Figure 2 Distribution of the cluster feature variables by clusters. (A) Cluster 1; (B) Cluster 2; (C) Cluster 3; (D) Cluster 4. 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; IC, intrinsic capacity; LDL-c, low density lipoprotein cholesterol; FPG, fasting plasma glucose.
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Discussion
This study categorized elderly patients with multimorbidity into four reproducible clusters, each exhibiting distinct 
metabolic profiles and disease prevalence. Two of the clusters demonstrated increased prevalence of coronary heart 
disease: Cluster 3 was characterized by high SBP levels, while cluster 4 was marked by low BMI and low IC levels. 
Additionally, Cluster 4 was associated with higher prevalence of hypertension, osteoporosis, sarcopenia, and frailty. The 
clustering method employed in this study was to describe the metabolic heterogeneity among elderly patients with 
multimorbidity. We utilized variables that are easily measurable and reflective of the metabolic characteristics of this 
patient population. As a result, this clustering approach can be readily implemented in outpatient settings. The 
identification of these subtypes suggests potential therapeutic strategies. Cluster 3, with its elevated cardiovascular 
disease prevalence, may benefit from antihypertensive treatment and lifestyle interventions. Cluster 4, with its higher 
prevalence of osteoporosis, sarcopenia, and frailty, may benefit from nutritional therapy, physical activity, and lifestyle 
modifications. Future research could involve intervention studies based on these different subtypes to validate these 
findings.

In our study, elderly patients with multimorbidity in cluster 1 and cluster 2 exhibited higher levels of IC and BMI, 
which were associated with a lower prevalence of diseases and frailty. In contrast, cluster 4 had the lowest levels of IC 
and BMI, and was associated with a higher prevalence of diseases and frailty. Consistent with our findings, several 
studies have demonstrated that the lowest cardiovascular disease mortality prevalence was observed at a BMI of 
approximately 28kg/m2, indicating that an optimal BMI for the elderly may fall within the range of overweight or 
mild obesity.19 Moreover, both higher BMI and higher waist circumference are associated with better survival outcomes 
in both men and women.20 Elderly individuals with lower BMI are at increased risk of sarcopenia and may tend to be less 
socially engaged and physically active.20 This sedentary lifestyle can exacerbate the risk of bone loss, fractures, and 
cognitive decline.

Similar to our findings, previous studies have supported the complementarity between IC and frailty assessments, 
demonstrating that individuals with low IC levels are more likely to be frail, whereas those with high IC levels are more 
likely to be robust.6 The IC encompasses five key domains relevant to older adults, including cognition, vitality 
(nutrition), mobility, depression, and sensory function. Higher scores on these domains collectively indicate a stronger 
IC in older adults.8 Reduced levels of IC were associated with a greater likelihood of increased dependency and mortality 
in frail and prefrail individuals, compared to those who were robust.21 The World Health Organization has introduced the 

Figure 3 Characteristics of the subjects clustered using K-means. (A) Distribution of 4 clusters; (B) Comparison of 4 clusters in BMI; (C) Comparison of 4 clusters in IC; 
(D) Comparison of 4 clusters in LDL-c; (E) Comparison of 4 clusters in FPG; (F) Comparison of 4 clusters in SBP. 
Abbreviations: BMI, body mass index; SBP, systolic blood pressure; IC, intrinsic capacity; LDL-c, low density lipoprotein cholesterol; FPG, fasting plasma glucose.
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Integrated Care for Older People program, which is backed by evidence demonstrating that simple interventions can 
potentially slow or reverse age-related decline.22 This program aims to enhance health and functioning in older adults and 
delay the onset of care dependency.

In our study, cluster 3 exhibited the highest levels of SBP and had elevated ORs for coronary heart disease. Research 
has shown that among older adults, there is a U-shaped association between blood pressure and all-cause mortality.23 The 
risk of death is minimized when SBP is within the range of 120–129mmHg, the risk of stroke, myocardial infarction and 
mortality risk significantly increases when SBP rises above 150 mmHg23 SBP under 120 mmHg is correlated with the 

Figure 4 Disease prevalence comparisons across clusters. Prevalence of type 2 diabetes, coronary heart disease, hypertension, osteoporosis, sarcopenia, and frailty were 
compared using logistic regression models. Clusters with the lowest prevalence served as reference groups. Model 1 adjusted for age and gender. Model 2 adjusted for age, 
gender, education, smoking, drinking, and weight. 
Abbreviations: OR, odds ratio; CI, confidence interval.
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risk of mortality in the frail oldest old.24 These findings suggest that in older individuals, blood pressure management 
must strike a balance between cardiovascular protection and the risks associated with excessive blood pressure reduction.

Studies have shown that in older adults, each 1 mmol/L reduction in LDL-c is significantly associated with a 23% 
lower risk of major vascular events.25 Another meta-analysis involving over 240,000 patients demonstrated that for 
individuals aged 75 years and older, each 1 mmol/L reduction in LDL-c was linked to a 26% lower risk of major 
cardiovascular events.26 Importantly, no increased risk of hemorrhagic stroke, new-onset diabetes, cancer, or adverse 
neurocognitive events was observed.26 Based on the above research findings, it is recommended to actively adopt 
lipid-lowering therapy in older adults, especially for individuals with higher LDL-c levels or those at risk of 
cardiovascular disease. In our study, both cluster 1 and cluster 2 exhibited higher levels of IC and BMI, as well as 
appropriate SBP levels. However, cluster 2 had the lowest levels of LDL-c, while cluster 1 had the highest. This 
discrepancy may be attributed to cluster 1’s lack of emphasis on lipid-lowering treatment and poor adherence to 
prescribed therapies. Therefore, for cluster 1, it is essential to prioritize lifestyle modifications and lipid-lowering 
interventions.

Our study has several limitations. First, the data were derived from a single hospital, and our findings may not be 
representative of the broader population of elderly patients with multimorbidity in China. Future multi-center, prospec
tive studies are essential to validate our findings, enhance generalizability, and minimize selection bias. Second, the 
clustering analysis was conducted using only five common variables, and it remains unclear whether incorporating 
additional variables—such as lifestyle factors, genetic influences, and family history of diseases—would provide any 
incremental benefits in stratifying subgroups of elderly patients with multimorbidity. While this provided a tractable 
approach, it necessarily simplifies the intricate and multidimensional nature of multimorbidity patterns. Future studies 
incorporating a broader range of clinical, functional, social, and molecular variables are warranted. Third, in our study, 
67.9% of the participants had diabetes, and there were minimal differences in blood glucose levels across the four 
clusters. This may be attributed to the fact that glucose measurements were taken while patients were on medication. We 
did not calculate indices of insulin resistance or secretion based on insulin or C-peptide levels. Therefore, better glucose 
control does not necessarily reflect the overall disease state of diabetes. Future research could involve intervention studies 
based on these different subtypes to validate these findings.

Conclusion
The data-driven clustering approach identified four distinct subtypes. Specifically, cluster 4 exhibited the highest 
prevalence of hypertension, osteoporosis, sarcopenia, and frailty, while clusters 3 and 4 had elevated prevalence of 
coronary heart disease. These findings suggest that a one-size-fits-all approach may be inadequate for managing multi
morbidity in older adults. Our study demonstrates significant heterogeneity among elderly patients with multimorbidity, 
highlighting the importance of precise classification in understanding disease risk profiles.
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