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Abstract 

Background  Sarcopenia, characterized by loss of muscle mass and strength, has been linked to various health out-
comes, including diabetes mellitus. This study aims to investigate the association of sarcopenia index, based on serum 
creatinine and cystatin C levels, with incident diabetes mellitus in middle-aged and older adults in China.

Methods  This study extracted data from 2015 to 2020 China Health and Retirement Longitudinal Study (CHARLS), 
including age ≥ 45-year adults without diabetes mellitus at baseline. Sarcopenia index was calculated based on serum 
creatinine and cystatin C levels, and incident diabetes mellitus was assessed through follow-up surveys. Cox pro-
portional hazards regression models were used to analyze the association between sarcopenia index and incident 
diabetes mellitus, adjusting for potential confounders, with hazard ratio (HR) with 95% confidence interval (95% CI) 
reported.

Results  During a mean follow-up period of 5.0 years, a total of 501 new cases of diabetes were recorded. A total 
of 7718 participants were included in the analysis. The median age was 60 years, and 46.2% were male. During a mean 
follow-up period of 5.0 years, 501 cases of incident diabetes mellitus were identified. After adjusting for covari-
ates, Compared with participants in the lowest quartile, the corresponding diabetes HRs (95% CIs) for participants 
in the second, third, and fourth quartiles were 0.930 (95% CI 0.724–1.193; P = 0.567); 0.892 (95% CI 0.685–1.162; 
P = 0.398), 0.869 (95% CI 0.657–1.150; P = 0.327). Restricted cubic spline curves revealed that incident rate decreased 
with increase in sarcopenia index.

Conclusions  This study provides national longitudinal evidence in China on the association of sarcopenia index, 
based on serum creatinine and cystatin C levels, with incident diabetes mellitus in middle-aged and older adults. Our 
findings suggest that sarcopenia index may be a useful biomarker for predicting the risk of diabetes mellitus in this 
population.
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Introduction
Diabetes mellitus is a serious metabolic disease whose 
incidence and prevalence are increasing globally and has 
become a major challenge in public health [1]. In recent 
years, researchers have increasingly focused on the 
impact of muscle mass and function on the risk of dia-
betes. Muscle is a major glucose metabolizing organ, and 
a decrease in its mass and function (i.e., sarcopenia) may 
increase the risk of developing diabetes [2].

Sarcopenia is a common muscle degeneration syn-
drome in the elderly, which is mainly characterized by 
a decrease in muscle mass and strength [3]. Studies 
have shown that sarcopenia is not only associated with 
decreased glucose metabolism, but also may lead to 
insulin resistance and chronic inflammation, which may 
increase the risk of diabetes mellitus [4, 5]. However, the 
relationship between sarcopenia and the development of 
diabetes mellitus is inconsistent and controversial [6, 7].

In recent years, the sarcopenia index based on serum 
creatinine and cystatin C has been proposed for the 
assessment of muscle mass and function. This index 
has the advantages of simple measurement and repro-
ducibility, and has been widely used for sarcopenia 
screening in various populations [8]. However, the rela-
tionship between this novel index and diabetes risk 
remains largely unexplored. Given the potential clinical 
utility of this easily accessible biomarker, preliminary evi-
dence from longitudinal studies is needed to establish its 
value in diabetes risk assessment. Such evidence would 
provide a foundation for future validation studies and 
potentially inform diabetes prevention strategies.

Therefore, based on the data from the China Health 
and Retirement Longitudinal Study (CHARLS), the pre-
sent study was designed to conduct an initial exploration 
of the potential predictive role of the sarcopenia index in 
diabetes risk. This preliminary investigation aims to gen-
erate hypotheses for future research and provide early 
evidence for the possible application of this novel marker 
in diabetes prevention and management.

Methods
Study population
The data used in this study were obtained from the 
CHARLS, a large-scale, nationally representative popu-
lation-based survey on Chinese adults aged 45 years and 
older [9]. This study was conducted in accordance with 
the Strengthening the Reporting of Observational Studies 
in Epidemiology statement for cohort studies (Table S1). 
The studies involving human participants were reviewed 
and approved by the Biomedical Ethical Review Com-
mittee of Peking University (IRB00001052-11015). The 
participants provided their written informed consent to 

participate in this study. The privacy rights of partici-
pants were observed.

All participants of the 2015–2020 CHARLS survey, 
aged 45  years and older, were included in this study. 
Participants with a previous diagnosis of diabetes, miss-
ing information on key variables, or incomplete follow-
up were excluded. A total of 7718 participants were 
ultimately included for analysis. Figure  1 illustrates the 
screening process for the study population.

Assessment of sarcopenia index
The sarcopenia index was calculated based on serum cre-
atinine and cystatin C levels with the formula: sarcopenia 
index = serum creatinine (mg/dL)/serum cystatin C (mg/
dL) * 100 [10, 11]. At the baseline (2015) examination, 
venous blood samples were collected from all partici-
pants and serum creatinine and cystatin C concentra-
tions were measured.

Ascertainment of incident diabetes mellitus events
The CHARLS survey assessed participants for a 
detailed chronic medical history, including asking 
about any previous physician-diagnosed diabetes. Par-
ticipants’ fasting blood glucose was also measured at 

Fig. 1  Flow chart of sample selection and the exclusion criteria
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baseline and follow-up examinations. Fasting blood 
glucose ≥ 7.0 mmol/L or previous physician-diagnosed 
diabetes was defined as a diabetic event according to 
the diagnostic criteria of the American Diabetes Asso-
ciation [12]. The outcome event in this study was 
new-onset diabetes mellitus that developed during the 
follow-up period.

Covariates
During the baseline survey, general demographic 
information of the participants, including age, gen-
der, place of residence, marital status, education level, 
etc., was collected through a standardized question-
naire. Height and weight were also measured and body 
mass index was calculated. Past medical history infor-
mation included hypertension, kidney disease, and 
self-reported health. Lifestyle-related factors such as 
smoking status, alcohol consumption, and sleep dura-
tion were also collected. The percentage of missing-
ness for each covariate is shown in Table S2.

Statistical analysis
Considering that the missing proportion of each 
covariate is less than 5%, we use the mode to impute 
it. We compared demographic characteristics, clinical 
indicators, and lifestyle variables among the different 
sarcopenia index groups. Continuous variables were 
analyzed by analysis of variance or Kruskal–Wallis 
test, and categorical variables by chi-square test. To 
investigate the relationship between sarcopenia index 
and the risk of developing diabetes, we constructed 
Cox proportional risk models for analysis, and the 
results were presented as hazard ratio (HR) with 95% 
confidence interval (95% CI). We developed four 
model: model 1 was unadjusted; model 2 was based 
on model 1 and adjusted for demographic characteris-
tics, such as age, gender, residence, marital status, and 
education level; model 3 was based on model 2 and 
adjusted for lifestyle factors, including smoking and 
alcohol consumption; model 4 was based on model 3 
and adjusted for disease-related variables, including 
hypertension, kidney disease, Activity of Daily Living, 
and body mass index. In addition, the sarcopenia index 
was included as a continuous variable for analysis, 
and the effect of each increase of 1 unit or 1 standard 
deviation of sarcopenia index on the risk of diabetes 
mellitus was estimated. In addition, we reanalyzed the 
original data (i.e., unimputed) to assess the robustness 
of the imputed data set. All statistical analyses were 
performed using Stata 16.0 and R software, and the 
significance level was set at two-sided P < 0.05.

Results
Baseline characteristic
A total of 7718 adult participants aged 45  years and 
older were included for analysis. Participants were 
categorized into 4 groups according to the distribu-
tion of the sarcopenia index: quartile 1 (Q1, sarcopenia 
index < 81.75, n = 1929), quartile 2 (Q2, 81.75 ≤ sarcope-
nia index ≤ 93.28, n = 1930), quartile 3 (Q3, 93.29 ≤ sar-
copenia index ≤ 106.91, n = 1929) and quartile 4 (Q4, 
sarcopenia index > 106.91, n = 1930). There were signifi-
cant differences among the four groups of participants in 
terms of baseline characteristics, such as age, gender, res-
idence, marital status, and education level (all P < 0.001). 
Compared with Q4, Q1 participants were more likely to 
smoke (P < 0.001) and drink alcohol (P < 0.001). In addi-
tion, participants in the Q1 group were more likely to 
have a history of comorbid illnesses, such as hyperten-
sion (P < 0.001) and depressive symptoms (P < 0.001) 
(Table 1).

Association between sarcopenia index and incident 
diabetes mellitus events
During a mean follow-up period of 5.0  years, a total of 
501 new cases of diabetes were recorded. The incidence 
rate of diabetes mellitus was 13.75 per 1000 person-years 
among Q1 group, 13.02 per 1000 person-years among 
Q2 group, 12.61 per 1000 person-years among Q3 group, 
and 12.40 per 1000 person-years among Q4 participants.

In the Cox proportional risk models analysis, model 
1 (unadjusted) showed that the risk of developing dia-
betes was reduced by 5.6% (HR = 0.944; 95% CI 0.733–
1.215, P = 0.656), 8.8% (HR = 0.912; 95% CI 0.707–1.176; 
P = 0.479), and 10.4% (HR = 0.896; 95% CI 0.693–1.156; 
P = 0.398) for the Q2, Q3, and Q4 groups, respectively, 
as compared with that for the Q1 group (Table  2). This 
result was validated in model 2 (adjusting for demo-
graphic characteristics), model 3 (additional adjustment 
for lifestyle factors), and model 4 (further adjustment for 
disease-related variables). When the sarcopenia index 
was included as a continuous variable in the multivari-
ate adjustment model, the risk of diabetes incidence was 
reduced by 0.3% for every 1-unit increase in the sarco-
penia index (HR = 0.997; 95% CI 0.993–1.001, P = 0.140), 
whereas the risk of diabetes incidence was reduced by 
7.6% for every 1-standard deviation increase in the sarco-
penia index (HR = 0.924; 95% CI 0.832–1.026, P = 0.140) 
(Table 2). The imputed data set is essentially the same as 
the original data set result (Table S3).

Data were presented as HR (95% CI).
Model 1: unadjusted.
Model 2: adjusted for age, gender, marry, residence, and 

education.
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Table 1  Participants demographics and baseline characteristics

Characteristic Sarcopenia index quartile P value

Overall (N = 7718) Q1
N = 1929

Q2
N = 19301

Q3
N = 1929

Q4
N = 1930

Distribution < 81.75 81.75–93.28 93.29–106.91 > 106.91

Sarcopenia index 93 (82, 107) 74 (68, 78) 88 (85, 90) 100 (96, 103) 119 (112, 129) < 0.0012

Serum creatinine (mg/dL) 0.76 (0.66, 0.89) 0.66 (0.59, 0.74) 0.73 (0.65, 0.83) 0.80 (0.71, 0.92) 0.90 (0.78, 1.04) < 0.0012

Serum cystatin C (mg/dL) 0.83 (0.72, 0.94) 0.91 (0.81, 1.00) 0.84 (0.74, 0.95) 0.81 (0.71, 0.92) 0.73 (0.64, 0.84) < 0.0012

Age, years (continuous) 60 (53, 67) 63 (57, 70) 61 (53, 67) 60 (53, 66) 58 (51, 64) < 0.0012

Age, years (category)

 < 60 3563 (46.2%) 668 (34.6%) 866 (44.9%) 938 (48.6%) 1091 (56.5%) < 0.0013

 ≥ 60 4155 (53.8%) 1261 (65.4%) 1064 (55.1%) 991 (51.4%) 839 (43.5%)

Gender

 Female 4154 (53.8%) 1586 (82.2%) 1226 (63.5%) 815 (42.2%) 527 (27.3%) < 0.0013

 Male 3564 (46.2%) 343 (17.8%) 704 (36.5%) 1,114 (57.8%) 1403 (72.7%)

Marry

 Other 958 (12.4%) 338 (17.5%) 251 (13.0%) 204 (10.6%) 165 (8.5%) < 0.0013

 Marry 6760 (87.6%) 1591 (82.5%) 1679 (87.0%) 1725 (89.4%) 1765 (91.5%)

Residence

 Rural 5052 (65.5%) 1321 (68.5%) 1276 (66.1%) 1266 (65.6%) 1189 (61.6%) < 0.0013

 Urban 2666 (34.5%) 608 (31.5%) 654 (33.9%) 663 (34.4%) 741 (38.4%)

Education

 Non-former education 3450 (44.7%) 1171 (60.7%) 905 (46.9%) 751 (38.9%) 623 (32.3%) < 0.0013

 Primary school 1757 (22.8%) 366 (19.0%) 437 (22.6%) 464 (24.1%) 490 (25.4%)

 Secondary school 1699 (22.0%) 267 (13.8%) 416 (21.6%) 461 (23.9%) 555 (28.8%)

 High school and above 812 (10.5%) 125 (6.5%) 172 (8.9%) 253 (13.1%) 262 (13.6%)

Former drinking

 No 4168 (54.0%) 1368 (70.9%) 1156 (59.9%) 902 (46.8%) 742 (38.4%) < 0.0013

 Yes 3550 (46.0%) 561 (29.1%) 774 (40.1%) 1027 (53.2%) 1188 (61.6%)

Current drinking

 No 4955 (64.2%) 1526 (79.1%) 1353 (70.1%) 1131 (58.6%) 945 (49.0%) < 0.0013

 Yes 2763 (35.8%) 403 (20.9%) 577 (29.9%) 798 (41.4%) 985 (51.0%)

Former smoking

 No 4412 (57.2%) 1476 (76.5%) 1229 (63.7%) 917 (47.5%) 790 (40.9%) < 0.0013

 Yes 3306 (42.8%) 453 (23.5%) 701 (36.3%) 1012 (52.5%) 1140 (59.1%)

Current smoking

 No 5570 (72.2%) 1636 (84.8%) 1460 (75.6%) 1269 (65.8%) 1205 (62.4%) < 0.0013

 Yes 2148 (27.8%) 293 (15.2%) 470 (24.4%) 660 (34.2%) 725 (37.6%)

BMI, kg/m2

 ≤ 18.4 425 (5.5%) 124 (6.4%) 108 (5.6%) 116 (6.0%) 77 (4.0%) < 0.0013

 18.4–23.9 3942 (51.1%) 899 (46.6%) 956 (49.5%) 984 (51.0%) 1103 (57.2%)

 > 23.9 3,351 (43.4%) 906 (47.0%) 866 (44.9%) 829 (43.0%) 750 (38.9%)

CESD4

 Normal 5209 (67.5%) 1191 (61.7%) 1268 (65.7%) 1345 (69.7%) 1405 (72.8%) < 0.0013

 Depressive symptoms 2509 (32.5%) 738 (38.3%) 662 (34.3%) 584 (30.3%) 525 (27.2%)

Kidney disease

 No 7045 (91.3%) 1771 (91.8%) 1780 (92.2%) 1754 (90.9%) 1740 (90.2%) 0.1013

 Yes 673 (8.7%) 158 (8.2%) 150 (7.8%) 175 (9.1%) 190 (9.8%)

Hypertension

 No 4040 (52.3%) 852 (44.2%) 1046 (54.2%) 1021 (52.9%) 1121 (58.1%) < 0.0012

 Yes 3678 (46.7%) 1077 (55.8%) 884 (45.8%) 908 (47.1%) 809 (41.9%)
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Model 3: adjusted for Model 2 + former drinking, cur-
rent drinking, former smoking, current smoking.

Model 4: adjusted for Model 3 + BMI, CESD, 
hypertension.

A linear and negative association between the sarco-
penia index and risk of incident diabetes mellitus events 
using restricted cubic spline regression was also found (P 
for nonlinearity = 0.489) (Fig. 2).

Discussion
Principal findings
In this study, we investigated for the first time the asso-
ciation between the sarcopenia index and the risk of 
diabetes mellitus based on the CHARLS nationally repre-
sentative cohort data. We found that a higher sarcopenia 
index was associated with a lower risk of diabetes mel-
litus in middle-aged and elderly population. In addition, 
we found that a 1 standard deviation increase in sarcope-
nia index was associated with a 7.6% reduction in the risk 
of diabetes mellitus. These findings provide new clues for 
the prevention and management of diabetes.

Comparison with previous studies
This result is in general agreement with previous find-
ings. Several cross-sectional and prospective studies have 
found that sarcopenia or decreased muscle mass/func-
tion is significantly associated with the risk of diabetes [2, 
6, 13]. A meta-analysis including seven prospective stud-
ies showed that the risk of diabetes mellitus in patients 
with sarcopenia was 1.55 times higher than that in those 
without sarcopenia [14]. This study further confirms this 
association and provides the first evidence-based evi-
dence based on a large, national population sample.

It is worth noting that while previous studies have used 
dual-energy X-ray absorptiometry (DXA) or bioelectri-
cal impedance analysis (BIA) to assess muscle mass, the 
present study utilized a sarcopenia index based on serum 
creatinine and cystatin C. Compared with DXA and BIA, 
this index is simple to measure, reproducible, and highly 
correlated with muscle mass and functional indices [10, 
11]. A cohort study that recruited 2615 middle-aged and 
older adults found that participants in the lowest sar-
copenia index quartile group had a 42% increased risk 
of cognitive impairment relative to those in the highest 

Table 1  (continued)

Characteristic Sarcopenia index quartile P value

Overall (N = 7718) Q1
N = 1929

Q2
N = 19301

Q3
N = 1929

Q4
N = 1930

ADL

 None 6287 (81.5%) 1446 (75.0%) 1573 (81.5%) 1622 (84.1%) 1646 (85.3%) < 0.0013

 Impaired 1431 (18.5%) 483 (25.0%) 357 (18.5%) 307 (15.9%) 284 (14.7%)
1 Data were presented as Median (IQR) or n (%)
2 Kruskal–Wallis rank sum test
3 Pearson’s Chi-squared test
4 Assessed by Center for Epidemiologic Studies Depression Scale, with ≥ 10 was deemed as depressive symptoms

Q quartile, BMI body mass index, CESD Center for Epidemiologic Studies Depression Scale, ADL activity of daily living

Table 2  Association between sarcopenia index and incident diabetes mellitus events among all the participants

Characteristic Case/total Incidence rate, per 
1000 person-year

Model 1 Model 2 Model 3 Model 4

Sarcopenia index 
(continuous)

501/7718 12.94 0.998 (0.994, 1.001), 
0.246

0.996 (0.992, 1.000), 
0.073

0.996 (0.992, 1.000), 
0.057

0.997 (0.993, 1.001), 
0.140

Sarcopenia index 
(standardized)

501/7718 12.94 0.944 (0.853, 1.037), 
0.246

0.906 (0.813, 1.009), 
0.073

0.899 (0.807, 1.003), 
0.057

0.924 (0.832, 1.026), 
0.140

Sarcopenia index

 Q1 133/1930 13.75 Reference Reference Reference Reference

 Q2 126/1929 13.02 0.944 (0.733, 1.215), 
0.656

0.888 (0.693, 1.138), 
0.348

0.876 (0.684, 1.122), 
0.295

0.930 (0.724, 1.193), 
0.567

 Q3 122/1929 12.61 0.912 (0.707, 1.176), 
0.479

0.836 (0.644, 1.086), 
0.179

0.825 (0.636, 1.072), 
0.15

0.892 (0.685, 1.162), 
0.398

 Q4 120/1930 12.40 0.896 (0.693, 1.156), 
0.398

0.796 (0.604, 1.049), 
0.105

0.781 (0.592, 1.029), 
0.079

0.869 (0.657, 1.150), 
0.327
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sarcopenia index quartile group at 3-month follow-up 
(odd ratio = 0.58; 95% CI 0.37–0.90) [15]. In addition, 
another CHARLS-based analysis showed that partici-
pants in the sarcopenia index Q1 quartile group had a 
higher odds of frailty compared to participants in the 
Q4 quartile group (Q1 vs. Q4: odd ratio = 1.880, 95% CI 
1.126–3.139, P = 0.016) [16]. This suggests that sarco-
penia may be a simple and effective screening tool for 
sarcopenia, which could be useful for widespread use in 
clinical practice and large-scale epidemiologic studies.

Potential mechanism
The negative correlation between sarcopenia index and 
the risk of diabetes mellitus that we observed may stem 
from several potential mechanisms: first, muscle is the 
main glucose metabolizing organ, and the decrease in its 
mass and function may lead to insulin resistance, which 
may increase the risk of diabetes mellitus [17, 18]. Low 
sarcopenia index reflects a decrease in muscle mass and 
strength, which may interfere with glucose metabolism 
and ultimately lead to diabetes mellitus. Second, sarco-
penia is associated with a chronic inflammatory state, 
which may increase the development of diabetes through 
mechanisms that promote insulin resistance, apopto-
sis and oxidative stress [19, 20]. It has been found that 
patients with sarcopenia are often associated with a high 
prevalence of metabolic and cardiovascular diseases, 
which are themselves associated with chronic inflamma-
tion [21, 22]. In addition, sarcopenia may affect the body’s 

utilization of nutrients, leading to related metabolic 
disorders. It has been shown that deficiencies in nutri-
ents such as protein and vitamin D are associated with 
decreased muscle mass and function and may increase 
the risk of diabetes [23, 24].

Strength and limitation
The strength of this study lies in the use of data from the 
CHARLS nationally representative cohort, which has a 
large sample size, a wide population, and a high degree of 
external validity. Moreover, the covariates were adjusted 
to improve the reliability of the results, and the causal 
relationship between the sarcopenia index and the risk of 
diabetes mellitus could be better explored.

However, there are some limitations of this study. A 
major limitation of this study is that we only measured 
the sarcopenia index at baseline, which cannot cap-
ture the dynamic changes during the follow-up period. 
Although serum creatinine and cystatin C are relatively 
stable biomarkers in healthy adults [25], they may be 
influenced by various factors, such as dietary habits, 
infections, and physical activity levels [26, 27]. Previous 
studies have shown that both muscle mass and function 
can change over time, particularly in older adults [28]. 
Leenders et  al. demonstrated that patients with type 2 
diabetes showed a greater decline in muscle mass and 
strength with aging compared to non-diabetic controls 
[7]. In addition, sarcopenic status could be modified 
by various lifestyle factors including diet and physical 

Fig. 2  Spline models of the association between the sarcopenia index and incidence diabetes mellitus. The HR from the multivariate Cox 
proportional risk models were adjusted for the variables of model 4 in Table 2. The duck red lines indicate the adjusted hazard ratio, and light red 
shade indicate the 95% confidence interval
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activity patterns [29]. Therefore, repeated measurements 
of the sarcopenia index during follow-up would provide 
more comprehensive information about the temporal 
relationship between changes in muscle mass and dia-
betes risk. Future studies incorporating multiple assess-
ments of the sarcopenia index are needed to better 
understand this dynamic relationship.

Second, although we adjusted for confounding factors 
as much as possible, there are still some residual con-
founders that may arise from unmeasured factors, such 
as dietary habits, which can significantly influence both 
muscle mass and diabetes risk [30–32], were not meas-
ured in CHARLS cohort. In addition, physical activity 
variables were not included in this study due to their high 
number of missing variables. These unmeasured con-
founding factors may have affected the observed associa-
tion between sarcopenia index and diabetes risk. Third, 
this study was conducted only in the Chinese population, 
and further research is needed to verify whether it can 
be generalized to other regions or ethnic groups. Fourth, 
although the sarcopenia index is correlated with muscle 
mass and functional indices, there is no consensus on its 
diagnostic threshold in this population, and further stud-
ies are needed.

Future direction
Several important directions should be considered for 
future research. First, longitudinal studies with repeated 
measurements of sarcopenia index are needed to better 
understand the dynamic relationship between changes in 
muscle mass and diabetes risk. Such studies would help 
clarify whether the rate of muscle mass decline, rather 
than a single baseline measurement, better predicts dia-
betes development. Second, more comprehensive assess-
ment of potential confounding factors, including detailed 
dietary patterns, physical activity levels, and inflamma-
tory markers, would provide deeper insights into the 
underlying mechanisms. Third, studies investigating 
the optimal cutoff points of sarcopenia index for differ-
ent populations are warranted, as diagnostic thresholds 
may vary by age, gender, and ethnicity. Fourth, interven-
tion studies are needed to determine whether strategies 
targeting muscle mass preservation through exercise 
programs or nutritional supplementation could effec-
tively prevent diabetes in high-risk populations. Fifth, 
future research should explore the potential interaction 
between sarcopenia index and other established risk fac-
tors for diabetes, such as obesity, metabolic syndrome, 
and genetic predisposition. Finally, studies incorporating 
both sarcopenia index and traditional muscle mass meas-
urement methods (e.g., DXA or BIA) would help validate 
this simple biomarker’s utility in large-scale diabetes risk 
screening and prevention programs.

Conclusion
In conclusion, this large prospective study provides pre-
liminary evidence that sarcopenia index, based on serum 
creatinine and cystatin C levels, may be associated with 
incident diabetes risk in middle-aged and older Chinese 
adults. While our findings suggest potential utility of this 
easily accessible marker for diabetes risk assessment, future 
studies with repeated measurements are needed to validate 
these results and better understand the temporal relation-
ship between changes in sarcopenia index and diabetes 
development.
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