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Background: Central obesity is a major contributor to cardiometabolic diseases. The sarcopenia index (SI), derived from serum 
creatinine and cystatin C, is a biomarker reflecting muscle mass, but its relationship with obesity phenotypes across age and sex 
remains unclear.
Objective: To examine the association between SI and central versus peripheral obesity, determine whether SI is independently 
associated with central obesity, and identify optimal SI cut-off values in a large Chinese population.
Methods: This retrospective cross-sectional study analyzed 10,054 adults undergoing health examinations at Xiamen Chang Gung 
Hospital. Anthropometric data, biochemical profiles, and body composition by bioelectrical impedance analysis were collected. 
Participants were categorized as non-obese, peripheral obese, or central obese based on body fat percentage and visceral fat degree. 
Logistic regression assessed associations between SI tertiles and central obesity stratified by age and sex. Receiver operating 
characteristic (ROC) curves determined optimal SI cut-off values.
Results: Central obesity was present in 24.4% of participants and correlated with adverse cardiometabolic profiles. Individuals with 
central obesity exhibited lower SI levels, most notably in men <50 years and women ≥50 years. After multivariable adjustment, the 
lowest SI tertile was independently associated with central obesity in younger men (adjusted OR 1.27; 95% CI 1.06–1.52) and older 
women (adjusted OR 3.03; 95% CI 2.04–4.50). SI demonstrated moderate discriminatory ability in women (AUC 0.687; optimal cut- 
off 79.52) but limited performance in men (AUC 0.534; cut-off 96.60).
Conclusion: Lower SI is independently associated with a higher prevalence of central obesity, particularly among younger men and 
older women. SI may provide a simple and practical supplementary marker for identifying individuals at risk of central adiposity, 
especially in women. Prospective studies are needed to validate its predictive utility.
Keywords: central obesity, sarcopenia index, cystatin C, visceral adiposity, age-specific patterns

Introduction
Recently, the negative impact of obesity on physical health has received increasing attention. According to the Global 
Burden of Disease Obesity Collaborators, the worldwide population of obese individuals reached 603.7 million, with 
obesity prevalence doubling in over 70 countries since 1980.1 Obesity, particularly central obesity, is associated with an 
elevated risk of several chronic diseases, such as diabetes, hypertension, hyperlipidemia, non-alcoholic fatty liver disease, 
obstructive sleep apnea, cardiovascular disease (CVD), and chronic renal failure.2 Ian Janssen et al reported that waist 
circumference, not body mass index (BMI), represents obesity-related risk.3 Therefore, people with abdominal obesity 
(central obesity) have a higher risk of comorbidities, even at a normal BMI. Moreover, the diagnostic criteria for 
metabolic syndrome incorporate waist circumference, rather than BMI or body weight.4
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Sarcopenia is linked to heightened adverse outcomes, including falls, functional decline, frailty, mortality,5,6 and 
diabetes.7 Recently, the concept of sarcopenic obesity, characterized by the combination of obesity and sarcopenia, has 
gained attention. This condition is associated with an increased risk of mortality and cardiovascular risk factors.8 

Previous studies have shown that the ratio of creatinine (Cr) to cystatin C (CysC) is associated with muscle mass and 
strength, serving as an indicator of sarcopenia,9 and is associated with CVD events and mortality.10,11 CysC, a cysteine 
protease inhibitor, is synthesized by nucleated cells at a constant rate12 and is found to be elevated in obese individuals 
due to the contribution of adipose tissue.13 Cr is known as a marker of not only kidney function but also muscle mass.14 

Hence, sarcopenia index (SI, serum Cr/CysC * 100) may also be associated with obesity.
Therefore, the primary aim of this study was to examine the association between the sarcopenia index and central 

obesity in a large adult population. Secondary aims included exploratory analyses of age- and sex-specific patterns, as 
well as comparisons across sarcopenia index tertiles, to further characterize potential heterogeneity in this association.

Materials and Methods
Study Populations
This retrospective cross-sectional study included Chinese participants aged 18 or older who underwent health examina
tions at Xiamen Chang Gung Hospital between 2014 and 2016. Enrollment criteria required complete data, including past 
medical and medication history, sufficient fasting duration, and measurements such as body height, body weight, waist 
circumference, blood pressure, bioelectric impedance analysis (BIA), total cholesterol (TC), low-density lipoprotein 
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides (TG), fasting blood glucose (FBG), 
serum creatinine (sCr), and cystatin C (CysC). Exclusion criteria included incomplete data, inadequate fasting duration 
(less than 12 hours), chronic diseases that could significantly impact metabolism, such as thyroid dysfunction or chronic 
hepatitis, current use of hypoglycemic drugs or steroids affecting metabolism, and pregnancy. This study protocol was 
approved by the Institutional Review Board (IRB) of Xiamen Chang-Gung Hospital (approval number: 
XMCGIRB2022102). The requirement for written informed consent was waived by the IRB due to the retrospective 
nature of the study and the use of de-identified data.

Measurements
All participants completed uniformly designed questionnaires detailing their medical history, including age, previous 
diseases or medication usage, pregnancy status, and fasting duration. Trained nurses, adhering to standard operating 
procedures, collected venous blood samples and administered the questionnaires to ensure accurate data collection. Body 
height and weight were precisely measured to the nearest 0.1 cm and 0.01 kg, respectively. BMI was defined as the body 
weight (kg) divided by the square of height (m). Waist circumference was measured at the midpoint between the lower 
rib margin and the iliac crest. Blood pressure was measured using an automated sphygmomanometer while seated, 
following a resting period of at least 15 minutes. Three measurements were taken, and the average of the three readings 
was recorded as the final value. Mean arterial pressure (MAP) was calculated using the equation: (2/3) × diastolic blood 
pressure (DBP) + (1/3) × systolic blood pressure (SBP).

Laboratory Assessment
All laboratory data were collected after a 12-hour fasting period, during which participants were instructed to refrain from 
consuming high-fat diets and alcohol for at least 24 hours before blood withdrawal. Biochemical analysis included fasting 
FBG (mmol/L), measured using a modified hexokinase enzymatic assay (Cobas Mira Chemistry System; Roche Diagnostic 
Systems, Montclair, New Jersey, USA), and sCr (μmol/L), TC (mmol/L), LDL-C (mmol/L), HDL-C (mmol/L), and TG 
(mmol/L), determined using a biochemical autoanalyzer (DxC 800, Beckman Coulter UniCel DxCSYNCHRON, Ireland). 
CysC (mg/L) was assessed via a turbidimetric inhibition immunoassay on an ARCHITECT c16000 biochemical autoanalyzer 
from Abbott Laboratories (Illinois, USA). In our study setting, CysC was measured as part of a standardized health 
examination program. The measurement was not restricted to specific clinical indications or predefined disease groups but 

https://doi.org/10.2147/IJGM.S584966                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of General Medicine 2026:19 2

Lee et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



was included in routine health examinations for individuals undergoing comprehensive metabolic and renal assessments. The 
SI was calculated as follows: (sCr (μmol/L)/CysC (mg/L)) × 1.13 × 100.

The Body Composition
All subjects underwent BIA (MC 180 mo Tanita, Tokyo, Japan). To ensure measurement accuracy, participants were 
instructed to abstain from physical exercise and alcohol consumption for at least 24 hours before the examinations. The 
MC-180 device estimates visceral fat degree using segmental, multi-frequency impedance measurements combined with 
proprietary prediction algorithms. The visceral fat degree is a semi-quantitative index reflecting relative visceral adipose 
tissue accumulation rather than a direct measurement of visceral fat area. According to the definitions established by the 
Taiwan Medical Association for the Study of Obesity, gender-specific percentage body fat (BF%) cutoffs were as follows: (1) 
low BF%: men <17% and women <20%; (2) normal BF%: men 17–23% and women 20–27%; and (3) high BF%: men 
>23% and women >27%. In our study, non-obese were defined as BF% ≤23% in males and ≤27% in females. Central obesity 
was defined as BF% >23% with a visceral fat degree >10 in males and BF% >27% with a visceral fat degree >10 in females, 
while peripheral obesity was defined as BF% >23% with a visceral fat degree ≤10 in males and BF% >27% with a visceral 
fat degree ≤10 in females. These definitions were applied as study-specific operational classifications to distinguish obesity 
phenotypes with predominant visceral versus peripheral fat accumulation.

Statistical Analysis
Baseline characteristics of males and females were compared with the Chi-squared test for categorical variables, 
Student’s t-test for normally distributed continuous variables, and Mann–Whitney U-test for non-normally distributed 
variables. Participants were stratified into three groups based on BF% and visceral fat (ie, non-obese, central obese, 
and peripheral obese) and compared using a Chi-squared test for categorical variables and one-way ANOVA for 
continuous variables. The Bonferroni post hoc test was utilized for pairwise comparisons between specific pairs of 
groups when the overall relationship was significant. Subgroup analyses for SI tertiles by sex and age were conducted 
as follows: for males under 50 years old, lowest tertile <91.9; middle tertile 105.1–91.9; highest tertile >105.1; for 
males over 50, lowest tertile <82.9; middle tertile 96.3–82.9; highest tertile >96.3; for females under 50, lowest tertile 
<83.5; middle tertile 95.7–83.5; highest tertile >95.7; for females over 50, lowest tertile <72.2; middle tertile 
84.2–72.2; highest tertile >84.2. Logistic regression models were used to identify the association between central 
obesity and SI levels, with data presented as odds ratios (OR) with 95% confidence intervals. Participants were 
categorized into sex- and age-specific tertiles of the sarcopenia index to ensure adequate sample size and stable 
estimates in stratified analyses. Given the absence of validated SI cut-off values across age and sex groups, tertiles 
were used as a pragmatic approach to explore graded associations. Lastly, the ability of SI to identify central obesity 
was evaluated using receiver operating characteristic (ROC) analysis to ascertain the optimal cut-off value. All 
analyses were conducted using SPSS version 26.0 (SPSS, Chicago, IL, USA). A two-sided p-value<0.05 was 
considered statistically significant.

Results
Comparison of Baseline Characteristics by Gender
A total of 10,054 participants, comprising 5638 males (56.1%) and 4416 females (43.9%) were included. As shown in 
Table 1, significant differences were observed between males and females across all variables, except for age (P = 0.058). 
Male subjects exhibited higher BMI, waist-to-height ratio (WHtR), MAP, FBG, TC, LDL, TG/HDL-C, sCr, CysC, and 
SI, while HDL-C and BF% were lower than females. Despite females presenting higher BF%, males displayed a higher 
proportion of central obesity (39.04% in males and 5.71% in females, P<0.001).
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Comparison of Male Baseline Characteristics by Body Fat Percentage and Visceral Fat 
Degree Stratified by Age
All variables displayed significant differences among non-obese, peripheral obese, and central obese groups in younger 
male subjects. However, in the males over 50 years old, there were no significant differences in age, TC, and SI (p = 
0.247, 0.085, and 0.288, respectively). Among males under 50, individuals with central obesity exhibited higher levels of 
BMI, WHtR, MAP, BF%, and CysC compared to non-obese and peripherally obese subjects. Conversely, among males 
older than 50 years, only BMI and WHtR were found to be higher in individuals with central obesity compared to non- 
obese and peripherally obese subjects.

In males under the age of 50, individuals with central obesity demonstrated significantly higher levels of CysC, while 
their SI was notably lower compared to non-obese counterparts. Conversely, among males aged 50 and above, those with 
central obesity exhibited elevated levels of both CysC and Cr in comparison to non-obese individuals. However, the SI 
did not show a significant difference between central obese and non-obese subjects in this age group. (Table 2).

Comparison of Female Baseline Characteristics by Body Fat Percentage and Visceral 
Fat Degree Stratified by Age
In younger female subjects, all variables, except for CysC (P=0.208), showed statistically significant differences among 
non-obese, peripheral obese, and central obese groups. However, in the females over 50 years old, no significant 
differences were observed in sCr levels (p = 0.147). Among females under the age of 50, individuals with central 
obesity displayed elevated levels of BMI, WHtR, MAP, TG, LDL-C, TG/HDL-C ratio, and BF%, along with lower levels 
of HDL-C, compared to non-obese and peripheral obese subjects. On the other hand, among females aged 50 and above, 
those with central obesity presented significantly higher levels of BMI, WHtR, MAP, FBG, TG, LDL-C, and BF%.

In females under the age of 50, individuals with central obesity exhibited higher levels of CysC, and their SI was 
lower than that of non-obese individuals. However, these differences did not reach statistical significance. Conversely, 
among females aged 50 and above, central obesity was associated with significantly higher levels of CysC, and the SI 
was significantly lower compared to non-obese individuals. (Table 3).

Table 1 Main Characteristics of the Study Subjects by Gender

Characteristics Total Men Women P value

Number of subject 10054 5638 4416
Age (years) 47.54 ± 10.40 47.37 ± 10.27 47.77 ± 10.57 0.058

BMI (kg/m2) 23.82 ± 3.31 24.47 ± 3.21 22.99 ± 3.25 <0.001

WHtR 0.51 ± 0.06 0.51 ± 0.05 0.50 ± 0.06 <0.001
MAP (mmHg) 87.4 ± 13.42 90.35 ± 12.88 83.63 ± 13.15 <0.001

FBG (mmol/L) 5.33 ± 1.38 5.44 ± 1.54 5.20 ± 1.13 <0.001

TC (mmol/L) 5.23 ± 0.99 5.28 ± 0.98 5.1 5± 0.99 <0.001
TG (mmol/L) 1.57 ± 1.4 1.84 ± 1.54 1.22 ± 1.10 <0.001

LDL-C (mmol/L) 3.35 ± 0.86 3.47 ± 0.86 3.20 ± 0.84 <0.001
HDL-C (mmol/L) 1.32 ± 0.32 1.21 ± 0.28 1.45 ± 0.31 <0.001

TG/HDL-C 1.38 ± 1.78 1.72 ± 1.98 0.94 ± 1.37 <0.001

BF (%) 25.77 ± 7.32 21.69 ± 5.33 30.98 ± 6.12 <0.001
Central obese type, n (%) 2453 (24.40%) 2201 (39.04%) 252 (5.71%) <0.001

sCr (µmol/L) 72.97±13.92 81.65 ± 11.26 61.90 ± 7.77 <0.001

CysC (mg/L) 0.93±0.21 0.99 ± 0.20 0.85 ± 0.19 <0.001
SI 91.34±17.93 95.88 ± 17.37 85.54 ± 16.93 <0.001

Note: Data are presented as mean ± SD or n (%). 
Abbreviations: BMI, body mass index; WHtR, waist-to-height ratio; MAP, mean arterial pressure; FBG, 
fasting blood glucose; TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; 
HDL, high-density lipoprotein cholesterol; TG, triglyceride; sCr, serum creatinine; CysC, cystatin C; SI, 
sarcopenia index calculated as (sCr (μmol/L)/CysC (mg/L)) × 1.13 × 100.
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Risk of Central Obesity Within Different Tertile of CCR Stratified by Age and Gender
Table 4 shows that if the risk of central obesity in the highest tertile is set at 1, the relative risk in the lowest tertile is 
1.377 (95% C.I. 1.165–1.628, p <0.001) in younger males (model 1). After adjustments in models 2 and 3, consistent 
results were observed, indicating an increasing odds ratio in the lowest tertile. However, significant differences were 
observed only in models 1, 2, and 3 in younger males (p trend<0.001, <0.001, 0.009, respectively), and in model 2 in 
older males (p trend = 0.040).

In the younger female group, no significant differences in the risk of central obesity were observed across various 
models. However, among older females, when the risk of central obesity in the highest tertile was considered as 1, the 
relative risk in the lowest tertile was 2.729 (95% C.I. 1.878–3.968, p < 0.001) (model 1). These results were consistently 
found in models 2 and 3 in older females, demonstrating a significant trend (p < 0.001) in both models.

Table 2 Baseline Characteristics According to Body Fat Type Stratified by Age in Men

Characteristics Non-Obese Peripheral Obese Central Obese P value

Men < 50 years of age
Number 2006 156 1335

Age, years 40.82 ± 5.66 36.75 ± 5.55a 41.40 ± 5.13ab <0.001

BMI (kg/m2) 22.69 ± 2.38 23.88 ± 1.32a 27.59 ± 2.29ab <0.001
WHtR 0.48 ± 0.04 0.50 ± 0.03a 0.55 ± 0.04ab <0.001

MAP (mmHg) 86.22 ± 11.44 88.42 ± 10.53 94.28 ± 13.08ab <0.001

FBG (mmol/L) 5.12 ± 1.11 5.53 ± 2.12a 5.57 ± 1.67a <0.001
TC (mmol/L) 5.17 ± 0.92 5.41 ± 1.00a 5.46 ± 1.02a <0.001

TG (mmol/L) 1.63 ± 1.29 2.04 ± 1.37a 2.38 ± 1.99a <0.001
LDL-C (mmol/L) 3.36 ± 0.82 3.61 ± 0.87a 3.63 ± 0.88a <0.001

HDL-C (mmol/L) 1.28 ± 0.30 1.17 ± 0.21a 1.12 ± 0.22a <0.001

TG / HDL-C 1.44 ± 1.54 1.82 ± 1.29 2.34 ± 2.82ab <0.001
BF % 18.28 ± 3.79 24.46 ± 1.83a 26.68 ± 2.74ab <0.001

sCr (µmol/L) 81.97 ± 10.28 79.16 ± 10.27a 81.76 ± 11.16b 0.006

CysC (mg/L) 0.94 ± 0.17 0.91 ± 0.16 0.97 ± 0.19ab <0.001
SI 100.18 ± 16.52 100.01 ± 15.20 97.91 ± 17.49a <0.001

Men ≥ 50 years of age
Number 1265 10 866

Age, years 57.83 ± 6.33 56.60 ± 7.32 58.28 ± 7.26 0.247

BMI (kg/m2) 22.61 ± 2.34 21.98 ± 2.47 26.64 ± 2.29ab <0.001
WHtR 0.49 ± 0.04 0.50 ± 0.04 0.55 ± 0.04ab <0.001

MAP (mmHg) 89.31 ± 12.67 92.83 ± 12.07 95.71 ± 12.76a <0.001

FBG (mmol/L) 5.47 ± 1.49 6.41 ± 3.03 5.95 ± 1.90a <0.001
TC (mmol/L) 5.23 ± 0.98 5.62 ± 0.93 5.32 ± 1.00 0.085

TG (mmol/L) 1.52 ± 1.39 1.97 ± 1.71 1.93 ± 1.29a <0.001

LDL-C (mmol/L) 3.41 ± 0.86 3.71 ± 1.14 3.56 ± 0.87a <0.001
HDL-C (mmol/L) 1.26 ± 0.30 1.19 ± 0.26 1.13 ± 0.24a <0.001

TG / HDL-C 1.38 ± 1.71 1.81 ± 1.59 1.86 ± 1.53a <0.001

BF % 18.14 ± 3.78 30.04 ± 12.19a 26.48 ± 2.83ab <0.001
sCr (µmol/L) 80.59 ± 11.57 73.64 ± 6.71 82.83 ± 13.02a <0.001

CysC (mg/L) 1.03 ± 0.20 1.01 ± 0.13 1.07 ± 0.25a <0.001

SI 90.65 ± 16.71 83.08 ± 11.42 89.84 ± 16.77 0.288

Notes: Data are presented as mean ± SD or n (%). ap < 0.05 versus non-obese; bp < 0.05 versus peripheral obese in the 
Bonferroni post hoc comparisons. 
Abbreviations: BMI, body mass index; WHtR, waist-to-height ratio; MAP, mean arterial pressure; FBG, fasting blood 
glucose; TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL, high-density lipoprotein 
cholesterol; TG, triglyceride; sCr, serum creatinine; CysC, cystatin C; SI, sarcopenia index calculated as (sCr (μmol/L)/ 
CysC (mg/L)) × 1.13 × 100.
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SI Cut-Off Value to Identify Central Obesity
Table 5 and Figure 1 presented the ROC analysis of SI values, stratified by gender. The optimal cut-off value for SI, 
determined by the highest Youden index, was identified as 79.52 for females (sensitivity 56.5%, specificity 65.8%) and 
96.60 for males (sensitivity 57.1%, specificity 48.5%). The SI demonstrated satisfactory discriminatory power in females 
(AUC=0.687, p<0.001), suggesting its potential utility in identifying individuals with central obesity. However, in males, 
the SI exhibited limited discriminatory power (AUC=0.534, p<0.001).

Discussion
This study uniquely explored the associations between central and peripheral obesity, cardiovascular risk factors, CysC 
levels, and the SI, while considering age and gender differences in a large Chinese population. Several key findings 
emerged from this study. First, central obesity was significantly associated with adverse cardiovascular risk profiles, 
consistent with previous evidence identifying central obesity as a key correlate of metabolic syndrome and cardiovascular 

Table 3 Baseline Characteristics According to Body Fat Type Stratified by Age in Women

Characteristics Non-Obese Peripheral Obese Central Obese P value

Women < 50 years of age
Number 810 1691 48

Age, years 38.68 ± 6.46 41.20 ± 5.60a 43.02 ± 4.78a <0.001

BMI (kg/m2) 19.51 ± 1.59 23.19 ± 2.31a 30.95 ± 3.39ab <0.001
WHtR 0.44 ± 0.04 0.49 ± 0.04a 0.59 ± 0.05ab <0.001

MAP (mmHg) 76.03 ± 9.53 80.34 ± 11.44a 90.65 ± 12.39ab <0.001

FBG (mmol/L) 4.82 ± 0.77 5.06 ± 0.87a 5.33 ± 0.71a <0.001
TC (mmol/L) 4.79 ± 0.87 4.95 ± 0.92a 5.18 ± 1.06a <0.001

TG (mmol/L) 0.83 ± 0.39 1.15 ± 1.37a 1.75 ± 1.95ab <0.001
LDL-C (mmol/L) 2.83 ± 0.74 3.07 ± 0.76a 3.37 ± 0.70ab <0.001

HDL-C (mmol/L) 1.58 ± 0.29 1.43 ± 0.29a 1.21 ± 0.26ab <0.001

TG/HDL-C 0.56 ± 0.38 0.90 ± 1.87a 1.58 ± 1.92ab <0.001
BF % 23.52 ± 3.25 32.18 ± 3.56a 43.87 ± 4.47ab <0.001

sCr (µmol/L) 61.86 ± 8.51 60.64 ± 6.48a 61.26 ± 9.28 <0.001

CysC (mg/L) 0.78 ± 0.16 0.79 ± 0.15 0.81 ± 0.17 0.208
SI 92.18 ± 16.37 89.78 ± 16.48a 88.65 ± 21.48 0.002

Women ≥ 50 years of age
Number 298 1365 204

Age, years 58.03 ± 6.57 57.22 ± 6.02 61.18 ± 7.75ab <0.001

BMI (kg/m2) 20.19 ± 2.22 24.1 ± 2.145a 29.55 ± 2.63ab <0.001
WHtR 0.47 ± 0.05 0.53 ± 0.04a 0.61 ± 0.05ab <0.001

MAP (mmHg) 84.63 ± 12.42 89.77 ± 12.94a 96.80 ± 12.58ab <0.001

FBG (mmol/L) 5.18 ± 0.87 5.47 ± 1.37a 6.01 ± 1.87ab <0.001
TC (mmol/L) 5.41 ± 0.99 5.49 ± 0.99 5.66 ± 1.01a 0.019

TG (mmol/L) 1.14 ± 0.76 1.46 ± 0.96a 1.63 ± 0.94ab <0.001

LDL-C (mmol/L) 3.32 ± 0.82 3.49 ± 0.86a 3.70 ± 0.90ab <0.001
HDL-C (mmol/L) 1.55 ± 0.31 1.40 ± 0.30a 1.35 ± 0.27a <0.001

TG/HDL-C 0.81 ± 0.75 1.17 ± 1.05a 1.33 ± 1.06a <0.001

BF % 23.06 ± 4.00 33.49 ± 3.51a 42.55 ± 3.63ab <0.001
sCr (µmol/L) 63.10 ± 7.53 62.92 ± 8.01 64.13 ± 10.66 0.147

CysC (mg/L) 0.92 ± 0.20 0.92 ± 0.20 1.03 ± 0.24ab <0.001

SI 79.97 ± 15.44 79.34 ± 14.66 72.90 ± 14.41ab <0.001

Notes: Data are presented as mean ± SD or n (%). a p < 0.05 versus non-obese; b p < 0.05 versus peripheral obese in the 
Bonferroni post hoc comparisons. 
Abbreviations: BMI, body mass index; WHtR, waist-to-height ratio; MAP, mean arterial pressure; FBG, fasting blood glucose; TC, 
total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL, high-density lipoprotein cholesterol; TG, 
triglyceride; sCr, serum creatinine; CysC, cystatin C; SI, sarcopenia index calculated as (sCr (μmol/L)/CysC (mg/L)) × 1.13 × 100.
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diseases.15 Additionally, individuals with central obesity exhibited higher CysC levels, supporting findings that central 
adiposity is associated with systemic inflammation and impaired renal and metabolic function.16 Second, the SI 
demonstrated significant associations with central obesity, particularly in men under 50 years and women over 50 
years, even after adjusting for glucose and lipid parameters. This suggests that SI, a non-invasive marker reflecting 
muscle mass relative to CysC, may be a valuable marker in identifying individuals with central obesity in specific 
subpopulations.17 Notably, while SI was associated with central obesity in younger men, it showed even stronger 
associations in older women, where the highest SI tertile was linked to over a three-fold higher odds of central obesity, 
underscoring potential gender and age differences in muscle-fat distribution and their cardiometabolic implications.18 

Third, although the predictive power of SI for central obesity was limited in men (AUC = 0.53), it showed moderate 
predictive ability in women (AUC = 0.69). The identified cut-off value of 79.52 in women may be clinically useful for 
screening central obesity, especially in resource-limited settings where advanced imaging modalities for visceral fat 
assessment are not feasible. The modest sensitivity and specificity observed in the ROC analyses indicate that SI alone 

Table 4 Unadjusted and Adjusted Odds Ratios with 95% Confidence Intervals of Having Central Obesity in Men and Women

Group/Type Central Obesity Model 1 Model 2 Model 3

n (%) OR (95% C.I.) P Value OR (95% C.I.) P Value OR (95% C.I.) P Value

Men < 50 years of age

SI tertile 3 405 (34.76%) Reference Reference Reference

SI tertile 2 436 (37.36%) 1.122 (0.948 to 1.329) 0.181 1.157 (0.975 to 1.374) 0.095 1.081 (0.903 to 1.294) 0.396

SI tertile 1 494 (42.40%) 1.377 (1.165 to 1.628) <0.001 1.455 (1.228 to 1.724) <0.001 1.268 (1.059 to 1.517) 0.010

P trend <0.001 <0.001 0.009

Men ≥ 50 years of age

SI tertile 3 278 (38.99%) Reference Reference Reference

SI tertile 2 290 (40.62%) 1.067 (0.863 to 1.319) 0.552 1.148 (0.925 to 1.425) 0.210 1.078 (0.863 to 1.347) 0.508

SI tertile 1 298 (41.74%) 1.125 (0.910 to 1.390) 0.276 1.255 (1.011 to 1.557) 0.040 1.163 (0.928 to 1.456) 0.190

P trend 0.276 0.040 0.189

Women < 50 years of age

SI tertile 3 16 (1.88%) Reference Reference Reference

SI tertile 2 11 (1.29%) 0.683 (0.315 to 1.481) 0.335 0.720 (0.330 to 1.573) 0.411 0.565 (0.256 to 1.246) 0.157

SI tertile 1 21 (2.47%) 1.317 (0.683 to 2.542) 0.411 1.404 (0.720 to 2.740) 0.320 1.034 (0.522 to 2.046) 0.925

P trend 0.376 0.288 0.827

Women ≥ 50 years of age

SI tertile 3 43 (6.91%) Reference Reference Reference

SI tertile 2 56 (8.99%) 1.332 (0.881 to 2.015) 0.174 1.480 (0.968 to 2.261) 0.070 1.433 (0.935 to 2.198) 0.099

SI tertile 1 105 (16.88%) 2.729 (1.878 to 3.968) <0.001 3.041 (2.067 to 4.475) <0.001 3.029 (2.041 to 4.496) <0.001

P trend <0.001 <0.001 <0.001

Notes: All 10054 participants (5638 males and 4416 females) were divided into the SI tertiles according to gender and age. Model 1, unadjusted analysis; Model 2, adjusted 
for fasting glucose level; Model 3, Model 2 + TG, HDL-C, and LDL-C level. 
Abbreviations: OR, odds ratio; CI, confidence interval.

Table 5 Cut-Off Value and Prediction Power for SI Stratified by Gender

Variables AUC (95% CI) p value Cut-Off Point According to  
Youden’s Index

Sensitivity (%) Specificity (%)

Male 
SI

0.53 

(0.52to 0.55)

<0.001 96.60 57.1 48.5

Female 
SI

0.69 

(0.67 to 0.70)

<0.001 79.52 65.5 65.8

Abbreviations: SI, sarcopenia index; AUC, area under curve.
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has limited discriminatory ability for central obesity, reflecting its multifactorial etiology. Accordingly, SI should not be 
interpreted as a predictive or screening marker but rather as an associated biomarker that may provide complementary 
information alongside other anthropometric and metabolic measures.

Central and Peripheral Obesity
Our study findings indicate that males had a higher proportion of central obesity, despite having a lower BF%. 
Conversely, females tended to exhibit a higher BF%, but a lower proportion of central obesity. These results are 
consistent with previous research studies, which have demonstrated that women generally have a higher BF% than 
men. However, at the same level of body fat, men tend to have a higher proportion of visceral fat than women. This 
phenomenon occurs because women tend to store fat in the subcutaneous tissue of the hips and abdomen, resulting in 
a higher subcutaneous adipose tissue (SAT)% and a lower visceral adipose tissue (VAT)% than men at the same BMI 
level.19–21 It is important to note that VAT poses a higher risk of CVD compared to SAT. Therefore, men have a twofold 
higher VAT/SAT ratio than women, putting them at greater risk of CVD.22 Overall, our results are consistent with 
previous population-based studies reporting significant sex-related differences in baseline characteristics, including body 
composition, fat distribution, and sarcopenia-related parameters. In particular, men have been shown to exhibit greater 
visceral fat accumulation at comparable levels of total adiposity, whereas women demonstrate distinct patterns of fat 
distribution and age-related muscle mass decline.19,23,24

Notably, our findings based on BIA-derived visceral adiposity are directionally consistent with MRI-based studies, 
which have demonstrated significant sex- and age-related differences in visceral fat accumulation, with men exhibiting 
greater visceral fat at comparable levels of total adiposity and visceral fat increasing with age.25,26 Although MRI 
provides direct anatomical quantification of visceral adipose tissue, the concordant patterns observed across modalities 
support the external validity of our BIA-based approach in population-level analyses.

Sarcopenic Index and Central Obesity
Visceral obesity is also associated with a low-grade inflammatory state.27,28 The chronic low-grade inflammation induced 
by visceral obesity leads to metabolic changes in the body, increasing the risk of CVD and type 2 diabetes mellitus.22 

Typical adipocytes are associated with M2 macrophages that maintain cellular health and produce anti-inflammatory 
signals. However, excessive nutritional intake leads to the predominance of M1 macrophages, secreting pro-inflammatory 
cytokines, including Interleukin (IL)-6, Tumor necrosis factor-α (TNF-α), IL-8, IL-1β, Interferon-r (IFN-r).29 Visceral 

Figure 1 ROC curves assessing diagnostic performance of SI stratified by gender. ROC curves illustrated the discriminatory ability of SI for predicting central obesity with 
gender-specific analysis. 
Abbreviations: SI, sarcopenia index; AUC, area under curve.

https://doi.org/10.2147/IJGM.S584966                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of General Medicine 2026:19 8

Lee et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



adipocytes are more susceptible to obesity-induced inflammation signals and are primarily responsible for the production 
and secretion of IL-6 and TNF-α, in contrast to SAT.30

Extensive studies have shown that creatinine-to-cystatin C ratio (CCR) is a biomarker for sarcopenia, reflecting 
muscle quality and strength31–33 and is associated with clinical outcomes such as 3-year mortality,11 frailty,31 and length 
of hospital stay.34 Several interrelated mechanisms link central obesity to the loss of skeletal muscle mass and function: 
(1) Visceral fat is metabolically active and secretes various pro-inflammatory cytokines, including IL-6, TNF-α, and 
C-reactive protein. These inflammatory markers lead to chronic low-grade inflammation, a key factor in muscle 
catabolism. Inflammatory cytokines promote muscle protein degradation and inhibit muscle protein synthesis through 
pathways such as nuclear factor-κB (NF-κB) and the ubiquitin-proteasome system.35,36 (2) Central obesity is closely 
linked to insulin resistance, characterized by a reduced responsiveness of muscle, fat, and liver cells to insulin. This 
impairment hinders muscle protein synthesis and exacerbates inflammation.37 (3) Adipose tissue, particularly visceral fat, 
influences hormone production, resulting in elevated leptin levels and reduced adiponectin levels. In individuals with 
central obesity, leptin resistance diminishes the hormone’s beneficial effects on muscle metabolism, while decreased 
adiponectin levels are associated with reduced insulin sensitivity and increased inflammation, ultimately leading to 
sarcopenia.36,38 Research has shown that leptin levels are negatively correlated with muscle mass and positively 
correlated with visceral obesity, especially in sarcopenic obesity, which is more pronounced than sarcopenia or visceral 
obesity alone.39 (4) Myosteatosis, characterized by fat infiltration into muscle tissue, impairs muscle mass and function, 
leading to inflammation, fibrosis, and metabolic dysfunction, thereby further contributing to muscle atrophy.38 (5) 
Individuals with central obesity often experience reduced physical activity due to decreased mobility and increased 
fatigue, which leads to muscle atrophy and further exacerbates sarcopenia.35

Although younger men typically have higher absolute skeletal muscle mass, SI is a relative index based on Cr and 
CysC and may decrease when muscle quality is impaired and/or CysC is elevated. At comparable levels of total 
adiposity, men generally exhibit greater visceral fat accumulation than women, which may amplify visceral inflammation 
and insulin resistance even at younger ages.19 Moreover, adipose tissue has been shown to contribute to elevated 
circulating CysC in obesity, independent of kidney function, potentially leading to a lower SI despite preserved muscle 
mass.13 In addition to biochemical alterations, central obesity has been linked to early impairment of muscle quality, 
including myosteatosis and metabolic dysfunction, which may occur before a measurable decline in muscle mass and be 
reflected by SI.40 These mechanisms provide a plausible explanation for the observed SI–central obesity association in 
younger men.

Our research findings indicate that individuals with lower SI are at a higher risk of central obesity. One study suggests 
that a higher CCR is associated with greater muscle mass and better clinical outcomes, including reduced risk of falls and 
lower hospitalization rates.37 This highlights the potential of the CCR in predicting sarcopenic obesity and related health 
risks. Additionally, studies exploring cross-sectional and longitudinal data have shown that over time, a lower CCR is 
significantly associated with higher central obesity and poorer muscle function, emphasizing its utility in identifying 
individuals at risk of sarcopenic obesity.41 Another study discussing the CCR as a surrogate marker for sarcopenia found 
that a lower ratio is related to decreased muscle mass and increased obesity, particularly central obesity, making it 
a valuable tool for early detection and management of sarcopenic obesity in clinical settings.42 Furthermore, research 
investigating the relationship between the CCR, waist circumference, and hypertension concluded that a lower CCR is 
associated with higher waist circumference and central obesity, which in turn is linked to an increased risk of 
hypertension. This underscores the importance of the CCR in predicting metabolic health issues related to central 
obesity.36

Sarcopenic Index and Peripheral Obesity
Our research shows a significant difference in SI between peripheral obesity and central obesity groups among women 
over 50. Peripheral obesity, also known as lower body obesity, is characterized by fat accumulation in the lower part of 
the body, such as the hips, thighs, and buttocks. This type of obesity is influenced by various mechanisms, including 
hormonal regulation, genetic predisposition, differences in fat cell function, metabolic differences, and the role of 
physical activity. Hormones play a crucial role in fat distribution; for instance, estrogen promotes fat deposition in the 
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lower body, which explains why premenopausal women are more likely to have peripheral obesity. Estrogen increases the 
activity of lipoprotein lipase in the lower body, an enzyme responsible for fat storage in adipocytes.43,44 Genetic factors 
significantly affect the location of fat storage, with certain genetic variations predisposing individuals to store fat in the 
lower body rather than the abdomen. These genetic influences impact fat cell distribution and number, as well as the 
hormonal response to dietary intake and energy expenditure.45 Lower body fat cells function differently from upper body 
fat cells, often storing fat more efficiently and releasing it more slowly due to lower hormone-sensitive lipase activity. 
They are also more sensitive to insulin, which promotes fat storage, making fat in these areas harder to mobilize.46 

Peripheral fat has lower metabolic activity compared to visceral fat and is associated with a lower risk of metabolic 
diseases such as insulin resistance, type 2 diabetes, and CVD. This is because peripheral fat produces fewer pro- 
inflammatory cytokines and is less involved in the pathogenesis of metabolic disorders.47 Physical activity also influences 
fat distribution; regular lower body exercises such as walking, running, and resistance training can increase lower body 
muscle mass, affect fat storage and distribution, and improve overall insulin sensitivity, influencing how fat is stored and 
mobilized.48

Gender Difference in Adipose Tissue
Our research indicates that men have a higher SI than women, and this ratio decreases with age. These observations align 
with results reported in another study,49 supporting the consistency of the identified gender and age-related patterns in the 
CCR. When using CCR as a marker for sarcopenia, different CCR thresholds may be needed for men and women.50,51 

Both before and after adjusting for age, women generally have a lower muscle mass index compared to men. Regardless 
of body weight, men experience a faster loss of muscle mass with age compared to women.52 Therefore, we hypothesize 
that the lack of significant differences in SI among older males may be attributed to the substantial impact of age-related 
muscle loss.

Before menopause, estrogen in women is primarily secreted by the ovaries. After menopause and in men, estrogen is 
mainly produced by peripheral tissues, especially adipose tissue.53 Estrogen is believed to suppress pro-inflammatory 
signals and promote anti-inflammatory effects. In individuals who have undergone oophorectomy and received estrogen 
treatment, there is an increase in M2 macrophages and elevated anti-inflammatory markers.54 Moreover, macrophages 
lacking estrogen receptor α expression exhibit increased secretion of TNF-α and heightened inflammation in white 
adipose tissue.55,56 The absence of estrogen expression leads to the upregulation of TNF-α and IL-6, along with increased 
pro-inflammatory signaling.57 Additionally, estrogen promotes the growth of subcutaneous fat and inhibits the expansion 
of visceral fat at both the adipocyte and preadipocyte levels.58 In postmenopausal women, the CysC level is higher than 
in premenopausal women.59 In our study, younger females may exhibit no significant differences, potentially due to the 
protective effects of estrogen and the limited sample size.

Given the mean age of female participants, many were likely undergoing the menopausal transition, which has been 
linked to visceral fat redistribution and increased inflammation.60,61 These changes may partly explain the stronger 
associations observed in older women, while estrogen-related protection and limited sample size may account for the null 
findings in younger females.59

Strengths and Limitations
The strength of our study lies in its large, population-based sample, which enhances the reliability of our findings. 
Unlike other studies that select participants from patients visiting hospitals or clinics for treatment, our participants are 
more representative of the general population. However, several limitations need to be considered. First, the cross- 
sectional study design does not allow for the assessment and determination of a causal relationship between SI and 
central obesity. Second, recruiting subjects from health examinations at a single center may introduce selection bias 
and may not represent the entire population. Third, since our participants were individuals undergoing health 
examinations, the standardized questionnaire did not collect data on confounding factors such as physical activity, 
dietary habits, and socioeconomic status, as these items were not mandatory. Fourth, the measurement of creatinine at 
a single time point introduces the possibility that acute kidney injury could not be ruled out. Fifth, CysC was measured 
only in participants undergoing comprehensive health examinations rather than in the entire cohort and was not 
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restricted to specific disease-based indications. This selective testing may have introduced selection bias and limited 
the generalizability of our findings. Therefore, further prospective studies are needed to improve the sensitivity and 
specificity of SI in predicting central obesity and to confirm the causal relationship between SI and central obesity by 
reducing confounding factors.

Conclusion
In this large cross-sectional study, lower sarcopenia index (SI) levels were associated with central obesity, with notable 
age- and sex-specific patterns, particularly among younger men and older women. These findings suggest that SI may 
reflect underlying muscle–fat imbalance related to visceral adiposity rather than generalized obesity. However, given the 
retrospective and cross-sectional design, causal inferences cannot be established. Furthermore, the modest sensitivity and 
specificity observed in ROC analyses indicate that SI has limited utility as a stand-alone screening or diagnostic tool for 
central obesity. Accordingly, SI should be interpreted as a complementary biomarker within a multifactorial framework 
that encompasses hormonal status, metabolic factors, lifestyle behaviors, and systemic inflammation. Future prospective 
and longitudinal studies incorporating direct measures of visceral adiposity and detailed hormonal and lifestyle data are 
warranted to clarify the temporal relationships and clinical relevance of SI in obesity-related risk assessment.
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CCR, creatinine-to-cystatin C ratio; Cr, creatinine; CVD, cardiovascular disease; CysC, cystatin C; DBP, diastolic blood 
pressure; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; IFN-γ, interferon gamma; IL, 
interleukin; LDL-C, low-density lipoprotein cholesterol; MAP, mean arterial pressure; NF-κB, nuclear factor kappa B; 
OR, odds ratio; ROC, receiver operating characteristic; SAT, subcutaneous adipose tissue; SI, sarcopenia index; SBP, 
systolic blood pressure; TC, total cholesterol; TG, triglyceride; TNF-α, tumor necrosis factor alpha; VAT, visceral adipose 
tissue; WHtR, waist-to-height ratio.

Data Sharing Statement
Raw data were generated at Xiamen Chang-Gung Memorial Hospital. Derived data supporting the findings of this study 
are available from the corresponding author on request.

Ethical Approval
This study protocol was approved by the Institutional Review Board (IRB) of Xiamen Chang-Gung Hospital (approval 
number: XMCGIRB2022102) and conducted by the guidelines laid down in the Declaration of Helsinki. The requirement 
for written informed consent was waived by the IRB due to the retrospective nature of the study and the use of de- 
identified data.

Acknowledgment
We would like to express our gratitude to the staff in the Health Management Center of Chang Gung Hospital for 
assistance with data collection.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

International Journal of General Medicine 2026:19                                                                             https://doi.org/10.2147/IJGM.S584966                                                                                                                                                                                                                                                                                                                                                                                                      11

Lee et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Disclosure
The authors declare no conflicts of interest in this work.

References
1. Collaborators GO. Health effects of overweight and obesity in 195 countries over 25 years. New Engl J Med. 2017;377(1):13–27.
2. Balkau B, Deanfield JE, Després J-P, et al. International Day for the Evaluation of Abdominal Obesity (IDEA) a study of waist circumference, 

cardiovascular disease, and diabetes mellitus in 168 000 primary care patients in 63 countries. Circulation. 2007;116(17):1942–1951. doi:10.1161/ 
CIRCULATIONAHA.106.676379

3. Janssen I, Katzmarzyk PT, Ross R. Waist circumference and not body mass index explains obesity-related health risk. Am J Clin Nutr. 2004;79 
(3):379–384. doi:10.1093/ajcn/79.3.379

4. Grundy SM. Metabolic syndrome scientific statement by the American heart association and the national heart, lung, and blood institute. Am Heart 
Assoc. 2005;25:2243–2244.

5. Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing. 2019;48(1):16–31. 
doi:10.1093/ageing/afy169

6. Beaudart C, Zaaria M, Pasleau F, Reginster J-Y, Bruyère O. Health outcomes of sarcopenia: a systematic review and meta-analysis. PLoS One. 
2017;12(1):e0169548. doi:10.1371/journal.pone.0169548

7. Mesinovic J, Zengin A, De Courten B, Ebeling PR, Scott D. Sarcopenia and type 2 diabetes mellitus: a bidirectional relationship. Diab Metab 
Syndrome Obes. 2019;12:1057. doi:10.2147/DMSO.S186600

8. Choi KM. Sarcopenia and sarcopenic obesity. Korean J Intern Med. 2016;31(6):1054–1060. doi:10.3904/kjim.2016.193
9. Hirai K, Tanaka A, Homma T, et al. Serum creatinine/cystatin C ratio as a surrogate marker for sarcopenia in patients with chronic obstructive 

pulmonary disease. Clin Nutr. 2021;40(3):1274–1280. doi:10.1016/j.clnu.2020.08.010
10. Jung C-Y, Joo YS, Kim HW, et al. Creatinine–cystatin C ratio and mortality in patients receiving intensive care and continuous kidney replacement 

therapy: a retrospective cohort study. Am J Kidney Dis. 2021;77(4):509–516.e1. doi:10.1053/j.ajkd.2020.08.014
11. Tang T, Zhuo Y, Xie L, Wang H, Yang M. Sarcopenia index based on serum creatinine and cystatin C is associated with 3-year mortality in 

hospitalized older patients. Scient Rep. 2020;10(1):1–9. doi:10.1038/s41598-020-58304-z
12. Köttgen A, Selvin E, Stevens LA, Levey AS, Van Lente F, Coresh J. Serum cystatin C in the United States: the third national health and nutrition 

examination survey (NHANES III). Am J Kidney Dis. 2008;51(3):385–394. doi:10.1053/j.ajkd.2007.11.019
13. Naour N, Fellahi S, Renucci JF, et al. Potential contribution of adipose tissue to elevated serum cystatin C in human obesity. Obesity. 2009;17 

(12):2121–2126. doi:10.1038/oby.2009.96
14. Lim WH, Lewis JR, Wong G, et al. Comparison of estimated glomerular filtration rate by the chronic kidney disease epidemiology collaboration 

(CKD-EPI) equations with and without Cystatin C for predicting clinical outcomes in elderly women. PLoS One. 2014;9(9):e106734. doi:10.1371/ 
journal.pone.0106734

15. Guglielmi V, Sbraccia P. Obesity phenotypes: depot-differences in adipose tissue and their clinical implications. Eating Weight Disord. 2018;23 
(1):3–14. doi:10.1007/s40519-017-0467-9

16. Stoffel N, El Mallah C, Obeid O, Zeder C, Herter-Aeberli I, Zimmermann M. In women, central obesity predicts higher inflammation, higher serum 
hepcidin, lower absorption and hypoferremia. Proceed Nutr Soc. 2020;79(OCE2):E131. doi:10.1017/S0029665120000798

17. Wilkinson TJ, Baker LA, Watson EL, Smith AC, Yates T. Diagnostic accuracy of a ‘sarcopenia index’based on serum biomarkers creatinine and 
cystatin C in 458,702 UK biobank participants. Clin Nutr ESPEN. 2024;63:207–213. doi:10.1016/j.clnesp.2024.06.041

18. Ren C, Su H, Tao J, Xie Y, Zhang X, Guo Q. Sarcopenia index based on serum creatinine and cystatin C is associated with mortality, nutritional 
risk/malnutrition and sarcopenia in older patients. Clin Interventions Aging. 2022;17:211–221. doi:10.2147/CIA.S351068

19. Lemieux S, Prud’homme D, Bouchard C, Tremblay A, Després J-P. Sex differences in the relation of visceral adipose tissue accumulation to total 
body fatness. Am J Clin Nutr. 1993;58(4):463–467. doi:10.1093/ajcn/58.4.463

20. Bredella MA. Sex differences in body composition. Sex Gender Factors Affect Metab Homeostasis Diab Obes. 2017;2017:9–27.
21. Machann J, Thamer C, Schnoedt B, et al. Age and gender related effects on adipose tissue compartments of subjects with increased risk for type 2 

diabetes: a whole body MRI/MRS study. Magnetic Resonance Mat Phys Biol Med. 2005;18(3):128–137. doi:10.1007/s10334-005-0104-x
22. Tchernof A, Després J-P. Pathophysiology of human visceral obesity: an update. Physiolog Rev. 2013;93(1):359–404. doi:10.1152/ 

physrev.00033.2011
23. Janssen I, Heymsfield SB, Wang Z, Ross R. Skeletal muscle mass and distribution in 468 men and women aged 18–88 yr. J Appl Physiol. 2000;89 

(1):81–88. doi:10.1152/jappl.2000.89.1.81
24. Kim TN, Yang S, Yoo H, et al. Prevalence of sarcopenia and sarcopenic obesity in Korean adults: the Korean sarcopenic obesity study. Int J Obes. 

2009;33(8):885–892. doi:10.1038/ijo.2009.130
25. Thomas EL, Parkinson JR, Frost GS, et al. The missing risk: MRI and MRS phenotyping of abdominal adiposity and ectopic fat. Obesity. 2012;20 

(1):76–87. doi:10.1038/oby.2011.142
26. Shen W, Punyanitya M, Wang Z, et al. Visceral adipose tissue: relations between single-slice areas and total volume. Am J Clin Nutr. 2004;80 

(2):271–278. doi:10.1093/ajcn/80.2.271
27. Cartier A, Côté M, Bergeron J, et al. Plasma soluble tumour necrosis factor-α receptor 2 is elevated in obesity: specific contribution of visceral 

adiposity. Clin Endocrinol. 2010;72(3):349–357. doi:10.1111/j.1365-2265.2009.03671.x
28. Cote M, Mauriège P, Bergeron J, et al. Adiponectinemia in visceral obesity: impact on glucose tolerance and plasma lipoprotein and lipid levels in 

men. J Clin Endocrinol Metabol. 2005;90(3):1434–1439. doi:10.1210/jc.2004-1711
29. McLaughlin T, Ackerman SE, Shen L, Engleman E. Role of innate and adaptive immunity in obesity-associated metabolic disease. J Clin Investig. 

2017;127(1):5–13. doi:10.1172/JCI88876
30. Chait A, Den Hartigh LJ. Adipose tissue distribution, inflammation and its metabolic consequences, including diabetes and cardiovascular disease. 

Front Cardiovasc Med. 2020;7:22. doi:10.3389/fcvm.2020.00022

https://doi.org/10.2147/IJGM.S584966                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of General Medicine 2026:19 12

Lee et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1161/CIRCULATIONAHA.106.676379
https://doi.org/10.1161/CIRCULATIONAHA.106.676379
https://doi.org/10.1093/ajcn/79.3.379
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1371/journal.pone.0169548
https://doi.org/10.2147/DMSO.S186600
https://doi.org/10.3904/kjim.2016.193
https://doi.org/10.1016/j.clnu.2020.08.010
https://doi.org/10.1053/j.ajkd.2020.08.014
https://doi.org/10.1038/s41598-020-58304-z
https://doi.org/10.1053/j.ajkd.2007.11.019
https://doi.org/10.1038/oby.2009.96
https://doi.org/10.1371/journal.pone.0106734
https://doi.org/10.1371/journal.pone.0106734
https://doi.org/10.1007/s40519-017-0467-9
https://doi.org/10.1017/S0029665120000798
https://doi.org/10.1016/j.clnesp.2024.06.041
https://doi.org/10.2147/CIA.S351068
https://doi.org/10.1093/ajcn/58.4.463
https://doi.org/10.1007/s10334-005-0104-x
https://doi.org/10.1152/physrev.00033.2011
https://doi.org/10.1152/physrev.00033.2011
https://doi.org/10.1152/jappl.2000.89.1.81
https://doi.org/10.1038/ijo.2009.130
https://doi.org/10.1038/oby.2011.142
https://doi.org/10.1093/ajcn/80.2.271
https://doi.org/10.1111/j.1365-2265.2009.03671.x
https://doi.org/10.1210/jc.2004-1711
https://doi.org/10.1172/JCI88876
https://doi.org/10.3389/fcvm.2020.00022


31. Tabara Y, Kohara K, Okada Y, Ohyagi Y, Igase M. Creatinine-to-cystatin C ratio as a marker of skeletal muscle mass in older adults: j-SHIPP study. 
Clin Nutr. 2020;39(6):1857–1862. doi:10.1016/j.clnu.2019.07.027

32. Yanishi M, Kinoshita H, Tsukaguchi H, et al. The creatinine/cystatin C ratio provides effective evaluation of muscle mass in kidney transplant 
recipients. Int Urol Nephrol. 2019;51(1):79–83. doi:10.1007/s11255-018-2015-6

33. Lin Y-L, Chen S-Y, Lai Y-H, et al. Serum creatinine to cystatin C ratio predicts skeletal muscle mass and strength in patients with non-dialysis 
chronic kidney disease. Clin Nutr. 2020;39(8):2435–2441. doi:10.1016/j.clnu.2019.10.027

34. Barreto EF, Poyant JO, Coville HH, et al. Validation of the sarcopenia index to assess muscle mass in the critically ill: a novel application of kidney 
function markers. Clin Nutr. 2019;38(3):1362–1367. doi:10.1016/j.clnu.2018.05.031

35. Yang C-W, Li C-I, Li T-C, et al. Association of sarcopenic obesity with higher serum high-sensitivity c-reactive protein levels in Chinese older 
males-A community-based study (Taichung Community Health Study-Elderly, TCHS-E). PLoS One. 2015;10(7):e0132908. doi:10.1371/journal. 
pone.0132908

36. Yang Y, Sun Q, Ma S, Li X, Lang X, Zhang Q. Association of serum creatinine to cystatin C to waist circumference ratios and hypertension: 
evidence from China health and retirement longitudinal study. Front Endocrinol. 2024;15:1375232. doi:10.3389/fendo.2024.1375232

37. Sim M, Dalla Via J, Scott D, et al. Creatinine to cystatin C ratio, a biomarker of sarcopenia measures and falls risk in community-dwelling older 
women. J Gerontol. 2022;77(7):1389–1397.

38. Y-z N, Z-q Y, Yin H, L-h S, J-h W, Q-h W. Osteosarcopenic obesity and its components—osteoporosis, sarcopenia, and obesity—are associated 
with blood cell count-derived inflammation indices in older Chinese people. BMC Geriat. 2022;22(1):532. doi:10.1186/s12877-022-03225-x

39. Kohara K, Ochi M, Tabara Y, Nagai T, Igase M, Miki T. Leptin in sarcopenic visceral obesity: possible link between adipocytes and myocytes. 
PLoS One. 2011;6(9):e24633. doi:10.1371/journal.pone.0024633

40. Correa-de-Araujo R, Addison O, Miljkovic I, et al. Myosteatosis in the context of skeletal muscle function deficit: an interdisciplinary workshop at 
the National Institute on Aging. Front Physiol. 2020;11:963. doi:10.3389/fphys.2020.00963

41. Kitago M, Seino S, Shinkai S, et al. Cross-sectional and longitudinal associations of creatinine-to-cystatin C ratio with sarcopenia parameters in 
older adults. J Nutr Health Aging. 2023;27(11):946–952. doi:10.1007/s12603-023-2029-3

42. Sun J, Yang H, Cai W, et al. Serum creatinine/cystatin C ratio as a surrogate marker for sarcopenia in patients with gastric cancer. BMC 
Gastroenterol. 2022;22(1):26. doi:10.1186/s12876-022-02093-4

43. Manolopoulos K, Karpe F, Frayn K. Gluteofemoral body fat as a determinant of metabolic health. Int J Obes. 2010;34(6):949–959. doi:10.1038/ 
ijo.2009.286

44. Blaak E. Gender differences in fat metabolism. Current Opinion Clin Nutr Metab Care. 2001;4(6):499–502. doi:10.1097/00075197-200111000- 
00006

45. Shungin D, Winkler TW, Croteau-Chonka DC, et al. New genetic loci link adipose and insulin biology to body fat distribution. Nature. 2015;518 
(7538):187–196.

46. Karpe F, Pinnick KE. Biology of upper-body and lower-body adipose tissue—link to whole-body phenotypes. Nat Rev Endocrinol. 2015;11 
(2):90–100. doi:10.1038/nrendo.2014.185

47. Ibrahim MM. Subcutaneous and visceral adipose tissue: structural and functional differences. Obes Rev. 2010;11(1):11–18. doi:10.1111/j.1467- 
789X.2009.00623.x

48. Ross R, Janssen I. Physical activity, total and regional obesity: dose-response considerations. Med Sci Sports Exercise. 2001;33(6):S521–S527. 
doi:10.1097/00005768-200106001-00023

49. Hyun YY, Lee K-B, Kim H, et al. Serum creatinine to cystatin C ratio and clinical outcomes in adults with non-dialysis chronic kidney disease. 
Front Nutr. 2022;9:996674. doi:10.3389/fnut.2022.996674

50. Zheng C, Wang E, Li J-S, et al. Serum creatinine/cystatin C ratio as a screening tool for sarcopenia and prognostic indicator for patients with 
esophageal cancer. BMC Geriatrics. 2022;22(1):207. doi:10.1186/s12877-022-02925-8

51. Ding P, Guo H, Sun C, et al. Serum creatinine/cystatin C ratio is a systemic marker of sarcopenia in patients with gastrointestinal stromal tumours. 
Front Nutr. 2022;9:963265. doi:10.3389/fnut.2022.963265

52. Zhong K, S-f L, Yang F, et al. The differences of sarcopenia-related phenotypes: effects of gender and population. Eur Rev Aging Phys Activity. 
2012;9:63–69. doi:10.1007/s11556-011-0082-0

53. Labrie F, Luu-The V, Labrie C, et al. Endocrine and intracrine sources of androgens in women: inhibition of breast cancer and other roles of 
androgens and their precursor dehydroepiandrosterone. Endocrine Rev. 2003;24(2):152–182. doi:10.1210/er.2001-0031

54. Kumru S, Godekmerdan A, Yılmaz B. Immune effects of surgical menopause and estrogen replacement therapy in peri-menopausal women. 
J Reprod Immunol. 2004;63(1):31–38. doi:10.1016/j.jri.2004.02.001

55. Davis KE, Neinast MD, Sun K, et al. The sexually dimorphic role of adipose and adipocyte estrogen receptors in modulating adipose tissue 
expansion, inflammation, and fibrosis. Mol Metab. 2013;2(3):227–242. doi:10.1016/j.molmet.2013.05.006

56. Ribas V, Drew BG, Le JA, et al. Myeloid-specific estrogen receptor α deficiency impairs metabolic homeostasis and accelerates atherosclerotic 
lesion development. Proceed Nat Acad Sci. 2011;108(39):16457–16462. doi:10.1073/pnas.1104533108

57. Jones ME, Thorburn AW, Britt KL, et al. Aromatase-deficient (ArKO) mice accumulate excess adipose tissue. J Steroid Biochem Mol Biol. 2001;79 
(1–5):3–9. doi:10.1016/S0960-0760(01)00136-4

58. Steiner BM, Berry DC. The regulation of adipose tissue health by estrogens. Front Endocrinol. 2022;13. doi:10.3389/fendo.2022.889923
59. Liu P, Ma F, Lou H, Zhu Y. Relationship between cystatin C and metabolic syndrome among Chinese premenopausal and postmenopausal women 

without recognized chronic kidney disease. Menopause. 2015;22(2):217–223. doi:10.1097/GME.0000000000000306
60. Toth M, Tchernof A, Sites C, Poehlman E. Effect of menopausal status on body composition and abdominal fat distribution. Int J Obes. 2000;24 

(2):226–231. doi:10.1038/sj.ijo.0801118
61. Gameiro CM, Romão F, Castelo-Branco C. Menopause and aging: changes in the immune system—a review. Maturitas. 2010;67(4):316–320. 

doi:10.1016/j.maturitas.2010.08.003

International Journal of General Medicine 2026:19                                                                             https://doi.org/10.2147/IJGM.S584966                                                                                                                                                                                                                                                                                                                                                                                                      13

Lee et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.clnu.2019.07.027
https://doi.org/10.1007/s11255-018-2015-6
https://doi.org/10.1016/j.clnu.2019.10.027
https://doi.org/10.1016/j.clnu.2018.05.031
https://doi.org/10.1371/journal.pone.0132908
https://doi.org/10.1371/journal.pone.0132908
https://doi.org/10.3389/fendo.2024.1375232
https://doi.org/10.1186/s12877-022-03225-x
https://doi.org/10.1371/journal.pone.0024633
https://doi.org/10.3389/fphys.2020.00963
https://doi.org/10.1007/s12603-023-2029-3
https://doi.org/10.1186/s12876-022-02093-4
https://doi.org/10.1038/ijo.2009.286
https://doi.org/10.1038/ijo.2009.286
https://doi.org/10.1097/00075197-200111000-00006
https://doi.org/10.1097/00075197-200111000-00006
https://doi.org/10.1038/nrendo.2014.185
https://doi.org/10.1111/j.1467-789X.2009.00623.x
https://doi.org/10.1111/j.1467-789X.2009.00623.x
https://doi.org/10.1097/00005768-200106001-00023
https://doi.org/10.3389/fnut.2022.996674
https://doi.org/10.1186/s12877-022-02925-8
https://doi.org/10.3389/fnut.2022.963265
https://doi.org/10.1007/s11556-011-0082-0
https://doi.org/10.1210/er.2001-0031
https://doi.org/10.1016/j.jri.2004.02.001
https://doi.org/10.1016/j.molmet.2013.05.006
https://doi.org/10.1073/pnas.1104533108
https://doi.org/10.1016/S0960-0760(01)00136-4
https://doi.org/10.3389/fendo.2022.889923
https://doi.org/10.1097/GME.0000000000000306
https://doi.org/10.1038/sj.ijo.0801118
https://doi.org/10.1016/j.maturitas.2010.08.003


International Journal of General Medicine                                                                                   

Publish your work in this journal 
The International Journal of General Medicine is an international, peer-reviewed open-access journal that focuses on general and internal 
medicine, pathogenesis, epidemiology, diagnosis, monitoring and treatment protocols. The journal is characterized by the rapid reporting of 
reviews, original research and clinical studies across all disease areas. The manuscript management system is completely online and includes a 
very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.  

Submit your manuscript here: https://www.dovepress.com/international-journal-of-general-medicine-journal

International Journal of General Medicine 2026:19 14

Lee et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Study Populations
	Measurements
	Laboratory Assessment
	The Body Composition
	Statistical Analysis

	Results
	Comparison of Baseline Characteristics by Gender
	Comparison of Male Baseline Characteristics by Body Fat Percentage and Visceral Fat Degree Stratified by Age
	Comparison of Female Baseline Characteristics by Body Fat Percentage and Visceral Fat Degree Stratified by Age
	Risk of Central Obesity Within Different Tertile of CCR Stratified by Age and Gender
	SI Cut-Off Value to Identify Central Obesity

	Discussion
	Central and Peripheral Obesity
	Sarcopenic Index and Central Obesity
	Sarcopenic Index and Peripheral Obesity

	Gender Difference in Adipose Tissue

	Strengths and Limitations
	Conclusion
	Abbreviations
	Data Sharing Statement
	Ethical Approval
	Acknowledgment
	Author Contributions
	Funding
	Disclosure

