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Purpose: The prevalence of chronic kidney disease (CKD) in ethnic minority areas of southern China is outdated. The
association between fat-to-muscle ratio (FMR) and CKD in these populations remains unclear. This study aims to investigate
the prevalence of CKD and the relationship between FMR and CKD and to evaluate the potential utility of FMR in CKD risk
assessment.

Patients and Methods: A cross-sectional study was conducted using data from the 2020-2021 China Cardiovascular Disease and
Risk Factors Surveillance in Guangxi. CKD is defined as estimated glomerular filtration rate (¢GFR) <60 mL/min/1.73 m? or urine
albumin-to-creatinine ratio (UACR) >30 mg/g. Data from questionnaires, physical exams, and laboratory tests were used to estimate
CKD prevalence. Fat and muscle mass were assessed via bioelectrical impedance analysis. The association between FMR and CKD
was examined using multivariable logistic regression.

Results: Among 8940 participants (median age 50; 41.9% male, 42.0% Zhuang), crude CKD prevalence was 13.8% (awareness: 1.4%),
with ethnic disparity (Zhuang: 12.9% vs non-Zhuang: 14.5%, P=0.025). The overall age- and sex-adjusted CKD prevalence was 10.9%;
corresponding figures were 9.6% for Zhuang and 17.1% for non-Zhuang participants after further adjustment for ethnicity. FMR was
independently associated with CKD (OR=1.03 per 0.1-unit, P<0.05), even after adjusting for demographic, lifestyle, and comorbidities.
Interactions were observed between FMR and ethnicity, hypertension, and diabetes (P-interaction<0.05). FMR increased progressively
with CKD stage and albuminuria grade (P<0.001 for trend). A threshold effect was observed at FMR >0.84, with a higher prevalence of
CKD (16.7% vs 11.1%), albuminuria (12.5% vs 7.9%), and impaired kidney function (6.0% vs 4.4%) (all P<0.001).

Conclusion: The relatively high prevalence but extremely low awareness of CKD in Guangxi highlights a critical detection and
prevention gap. Incorporating FMR measurement into population-based screening may help identify individuals at high risk of CKD
and guide targeted integrated prevention strategies.
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Introduction
Chronic kidney disease (CKD) is a major global public health challenge due to its high prevalence, adverse

outcomes, and considerable healthcare burden. In China, the adult CKD prevalence was 10.8% in 2012 and declined
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to 8.2% by 2018-2019."> However, awareness remains extremely low, and disparities persist across regions and
ethnic groups.

The Zhuang ethnic group, numbering over 16 million people, is the largest minority population in China and is
predominantly concentrated in Guangxi Zhuang Autonomous Region.® Guangxi, located on China’s southern coast, is a multi-
ethnic and economically underdeveloped region characterized by unique socio-cultural and dietary practices, including higher
intake of rice noodles and fermented foods, as well as a high burden of cardiometabolic risk factors.* Limited healthcare access
and quality further compound these challenges. Such factors may contribute to a distinct profile of non-communicable
diseases, including chronic kidney disease (CKD). Prior studies have suggested health disparities in this population; for
example, our earlier survey in 2012 reported an elevated prevalence of CKD among the Zhuang.” However, up-to-date and
comprehensive epidemiological evidence on CKD in this setting remains lacking, leaving a critical knowledge gap.

Obesity is a well-established risk factor for CKD, but traditional measures such as body mass index (BMI)
cannot distinguish between fat and lean mass. Fat-to-muscle ratio (FMR), reflecting the proportion of adiposity
relative to skeletal muscle, has emerged as a sensitive indicator of cardiometabolic risk,® with elevated FMR
linked to type 2 diabetes,” hypertension,® and metabolic syndrome.” Critically, a high FMR signifies not only
obesity but also a relative loss of muscle mass, which is itself a risk factor for metabolic dysregulation and
adverse health outcomes. A Korean prospective cohort study demonstrated that a higher proportion of muscle
relative to fat is associated with a reduced risk of CKD development.'® In China, recent evidence suggests that
elevated FMR is independently associated with hyperuricemia and estimated glomerular filtration rate (eGFR)
decline.'' However, data on the association between FMR and CKD in Chinese populations are lacking.

To address these gaps, we conducted a population-based cross-sectional study using data from the 2020-2021 China
Cardiovascular Disease and Risk Factor Surveillance to estimate the prevalence of CKD in Guangxi and to explore the
association between FMR and CKD.

Materials and Methods

Study Design

This study employed a cross-sectional design using data collected between July 2020 and February 2021 from the China
Cardiovascular Disease and Risk Factor Surveillance, focusing on the Guangxi region.

Study Subjects and Sampling Method

Study Subjects

The study included residents aged 18 years and older from Guangxi Zhuang Autonomous Region. All participants provided
informed consent, and the study was approved by the Ethics Committee of the First Affiliated Hospital of Guangxi Medical
University (Approval No. 2024-E706-01). The study was conducted in accordance with the Declaration of Helsinki.

Sampling Method

The nationwide survey employed stratified multi-stage random sampling to select 262 representative districts/counties
from 31 provinces, autonomous regions, and municipalities, covering approximately 300,000 residents.'? In Guangxi,
nine counties (or urban districts) were randomly selected, followed by a random selection of two townships in each
county and three village committees within each township. Individuals aged 18 and above were stratified by decade, with
the corresponding number of individuals randomly selected in each stratum. The final sample size for Guangxi was 9600
residents, based on simple random sampling calculations.

Data Collection and Assessment Methods

Questionnaire Survey

The questionnaire collected participants’ demographic information, lifestyle habits, and medical history. Physical
inactivity was defined as less than 150 minutes of moderate-intensity physical activity per week in the past month.'?
Dietary intake was assessed based on a recall of the past month’s diet, with classification criteria referring to the Dietary
Guidelines for Chinese Residents (2022)."*
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Physical Examination and Laboratory Tests
The physical examination included measurements of height, weight, waist circumference, and blood pressure. Blood
pressure was measured three times, with the average value used for analysis. Body weight, fat mass, and muscle mass
were measured using bioelectrical impedance analysis (BIA) with an InBody H20B device (InBody Co., Ltd. Seoul,
South Korea). The FMR was calculated as fat mass (kg) divided by muscle mass (kg). Body mass index (BMI) was
determined by dividing weight (kg) by the square of height (m?).

Fasting blood samples were used to measure glucose, glycated hemoglobin (HbA 1c), lipids, creatinine, and uric acid.
Morning urine was analyzed for creatinine and microalbumin. Specimens were cold-chain transported to Guangzhou
Kingmed Diagnostics for testing.

Diagnostic Criteria
Chronic kidney disease (CKD) was defined as the presence of impaired kidney function (estimated glomerular filtration
rate < 60 mL/min/1.73 m?) or albuminuria (urine albumin-to-creatinine ratio > 30 mg/g).">'® Diagnostic criteria for other

? overweight/obesity,?’ hyperuricemia,' and cardio-

comorbidities—including diabetes,'” hypertension,'® dyslipidemia,’'
vascular disease—were based on well-established Chinese and international guidelines. Detailed definitions for all

conditions are provided in Supplementary Table 1.

Statistical Analysis

The age- and sex-standardized prevalence of CKD, albuminuria, and impaired kidney function were calculated using the
direct standardization method, with the age and sex structure of the Guangxi population from the 2020 Seventh National
Population Census as the standard population. Missing data were handled by complete case analysis. The proportion of
missing values was low (<5%) for all variables included in the models. Continuous variables with non-normal distribu-
tion were presented as median (interquartile range) and analyzed using Kruskal-Wallis or Jonckheere-Terpstra tests for
trend analysis. Categorical variables were expressed as frequencies (%) and compared via chi-square tests. Univariate
logistic regression was used to identify factors associated with CKD, albuminuria, and impaired kidney function (P <
0.05 for entry). Multivariable logistic regression models were then constructed to assess the association between FMR
and renal outcomes. FMR was analyzed both as a continuous variable (per 0.1-unit increment) and as quartiles (Q1-Q4)
to evaluate dose—response relationships. Interactions between FMR and selected covariates were assessed in stratified
models. Nonlinear associations were examined using restricted cubic splines with three knots. All analyses were
performed in R version 4.4.3, and a two-sided P value <0.05 was considered statistically significant.

Results

General Information
After excluding participants with missing or invalid serum creatinine, urine albumin, or urine creatinine data, 8940
individuals were eligible for CKD prevalence estimation (Supplementary Figure 1). Of these, 8716 (97.5%) had complete

bioelectrical impedance data for FMR assessments, and 8506 (95.1%) with complete covariate data were included in
multivariable logistic regression analyses.

The study consisted of 3748 males (41.9%) and 5192 females (58.1%). Participants’ ages ranged from 18 to 99 years,
with a median age of 50 years (IQR: 36-63). Among them, 3751 were Zhuang individuals (42.0%) and 5189 were non-
Zhuang individuals (58.0%), including 4952 Han and 237 individuals from other ethnic groups such as Jing, Maonan,
Mulao, and Shui. The characteristics of the study participants are summarized in Table 1 (by CKD status) and
Supplementary Table 2 (by ethnicity).

Prevalence of CKD

A total of 1235 CKD patients were identified, resulting in a crude prevalence rate of 13.8% (1235/8940). The prevalence
was 13.6% in females (708/5192) and 14.1% in males (527/3748) (p = 0.566). The prevalence of albuminuria was 10.1%
(906/8940), while that of impaired renal function was 5.1% (460/8940). The awareness rate of CKD was 1.4% (17/1235).
Among the CKD patients, 367 were in stage 1, 408 in stage 2, 427 in stage 3, 24 in stage 4, and 9 in stage 5. There was
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Table I The Characteristics of Participants by CKD Status

Characteristic Total (n = 8940) | Non-CKD Group (n=7705) | CKD Group (n=1235) | p value
Sex, Male 3748 (41.9) 3221 (41.8) 527 (42.7) 0.566
Age, y <0.001
18-24 762 (8.5) 731 (9.5) 31 (2.5)
25-34 1239 (13.9) 1182 (15.3) 57 (4.6)
35-44 I511 (16.9) 1417 (18.4) 94 (7.6)
45-54 1803 (20.2) 1616 (21.0) 187 (15.1)
55-64 1562 (17.5) 1326 (17.2) 236 (19.1)
65-74 1240 (13.9) 968 (12.6) 272 (22.0)
275 823 (9.2) 465 (6.0) 358 (29.0)
Ethnicity, Zhuang 3751 (42.0) 3269 (42.4) 482 (39.0) 0.025
Educational Level <0.001
No schooling 776 (8.7) 585 (7.6) 191 (15.5)
Primary school 2443 (27.3) 1976 (25.7) 467 (37.8)
Secondary school 4054 (45.3) 3576 (46.4) 478 (38.7)
College/University 1667 (18.6) 1568 (20.4) 99 (8.0)
Urban-Rural, Rural 2961 (33.1) 2530 (32.8) 431 (34.9) 0.153
Per capita income (last year, 10,000 CNY) <0.001
<2 2316 (25.9) 1925 (25.0) 391 (31.7)
2-<3 2045 (22.9) 1747 (22.7) 298 (24.1)
3-<5 2286 (25.6) 1984 (25.8) 302 (24.5)
25 2293 (25.6) 2049 (26.6) 244 (19.8)
Smoking 1632 (18.4) 1419 (18.6) 213 (17.4) 0.323
Drinking 1779 (20.0) 1559 (20.4) 220 (17.9) 0.048
Vegetable intake <300 g/d 5574 (62.8) 4827 (63.1) 747 (60.9) 0.143
Fruit intake <200 g/d 6258 (70.5) 5362 (70.1) 896 (73.1) 0.033
Red meat intake >200 g/d 3364 (37.9) 2879 (37.6) 485 (39.6) 0.198
Aquatic product intake <40 g/d 5268 (59.4) 4487 (58.7) 781 (63.7) <0.001
Physical inactivity 2006 (22.7) 1710 (22.5) 296 (24.3) 0.158
BMI, kg/m? <0.001
18.5-<24 521 (6.0) 3693 (49.4) 530 (44.3)
<185 4223 (48.6) 458 (6.1) 63 (5.3)
24-<28 2882 (33.2) 2453 (32.8) 429 (35.8)
228 1055 (12.2) 880 (11.8) 175 (14.6)

(Continued)
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Table | (Continued).

Characteristic Total (n = 8940) | Non-CKD Group (n=7705) | CKD Group (n=1235) | p value
FMR (median [IQR]) 0.83 (0.61, 1.05) 0.82 (0.60, 1.04) 0.91 (0.70, 1.14) <0.001
Hypertension <0.001
No hypertension 5386 (60.6) 5005 (65.4) 381 (31.0)

Newly diagnosed 2169 (24.4) 1778 (23.2) 391 (31.8)

Previously diagnosed 1334 (15.0) 875 (11.4) 459 (37.3)

Diabetes <0.001
No diabetes 4774 (53.4) 4373 (56.8) 401 (32.5)

Prediabetes 3089 (34.6) 2576 (33.4) 513 (41.5)

Newly diagnosed 775 (8.7) 568 (7.4) 207 (16.8)

Previously diagnosed 302 (3.4) 188 (2.4) 114 (9.2)

Dyslipidemia 2935 (32.9) 2405 (31.3) 530 (43.2) <0.001
Hyperuricemia 2078 (23.3) 1626 (21.2) 452 (36.8) <0.001
CVD 141 (1.6) 100 (1.3) 41 (3.4) <0.001

Notes: Values are presented as number (% of column total), except for FMR, which is expressed as median (interquartile range). Categorical variables were
compared using the y*test, and FMR was analyzed using the Mann—Whitney U-test (Z statistic reported). Denominators reflect complete cases. Missing data for all
covariates were <3%.

Abbreviations: CKD, chronic kidney disease; BMI, body mass index; CVD, cardiovascular disease; FMR, fat-to-muscle ratio.

a significant difference in CKD prevalence between the Zhuang and non-Zhuang populations, with rates of 12.9% (482/
3751) and 14.5% (753/5189) respectively (x> = 5.05, p = 0.025). The prevalence of CKD, albuminuria, and impaired
renal function significantly increased with age (P for trend < 0.001 for all; Supplementary Figure 2). After adjusting for

sex and age based on the 2020 Seventh National Population Census data, the prevalence rates were 10.9% for CKD,
8.2% for albuminuria, and 3.7% for impaired renal function. Adjusting for ethnic distribution, the prevalence of CKD
was 9.6% in the Zhuang population and 17.1% in the non-Zhuang population.

Among CKD patients, 513 were pre-diabetic, 321 had diabetes (114 previously diagnosed), and 850 had hypertension
(459 previously diagnosed).

Analysis of Factors Influencing CKD

In multivariable models incorporating FMR and traditional risk factors (Table 2), significant associations with CKD
included: age (45-54 years, OR 1.77, 95% CI 1.16-2.80, P=0.011; 55-64 years, OR 2.1, 1.37-3.33, P=0.001; 65-74
years, OR 2.8, 1.81-4.46, P<0.001; 75 years and above, OR 7.61, 4.92-12.2, P<0.001), non-Zhuang ethnicity (OR 1.15,
1.00-1.33, P=0.049), aquatic products intake less than 40 g/day (OR 1.23, 1.06-1.43, P=0.007), hypertension (newly
diagnosed OR 1.76, 1.48-2.09, P<0.001; previously diagnosed OR 3.13, 2.60-3.77, P<0.001), diabetes (prediabetes OR
1.18, 1.00-1.38, P=0.049; newly diagnosed OR 2.02, 1.62-2.51, P<0.001; previously diagnosed OR 2.54, 1.89-3.39,
P<0.001), dyslipidemia (OR 1.22, 1.06-1.41, P=0.007), and hyperuricemia (OR 1.95, 1.68-2.27, P<0.001). Notably,
FMR showed an independent association (OR=1.03 per 0.1-unit, 95% CI 1.01-1.06, P=0.016), whereas traditional
adiposity measures like BMI demonstrated no significant effect in either FMR-integrated or BMI-only models (all
P >0.05, see Supplementary Table 3).

Supplementary Tables 4 and 5 present multivariable-adjusted associations for albuminuria and impaired kidney

function, respectively. Key factors associated with albuminuria included age >75 years, Non-Zhuang ethnicity, higher
FMR, hypertension, diabetes status (prediabetes, newly and previously diagnosed), dyslipidemia, and hyperuricemia (all
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Table 2 Multivariable Logistic Regression Analysis of Factors Associated with

CKD
Characteristic OR (95% CI) p value
Age, y
18-24 1.00 (Reference)
25-34 .11 (0.69-1.83) 0.7
35-44 1.38 (0.89-2.21) 0.2
45-54 1.77 (1.16-2.80) 0.011
55-64 2.10 (1.37-3.33) 0.001
65-74 2.80 (1.81-4.46) <0.001
275 7.61 (4.92-12.20) <0.001
Ethnicity
Zhuang 1.00 (Reference)
Non-Zhuang 1.15 (1.00-1.33) 0.049
Educational Level
No schooling 1.00 (Reference)
Primary school 1.00 (0.81-1.25) >0.9
Secondary school 1.01 (0.80-1.26) >0.9
College/University 0.76 (0.55-1.06) 0.11
Per capita income (last year; 10,000 CNY)
<2 1.00 (Reference)
2-<3 0.94 (0.78-1.13) 0.5
3-<5 1.07 (0.88-1.30) 0.5
25 0.88 (0.71-1.08) 0.2
Drinking
No 1.00 (Reference)
Yes 0.91 (0.75-1.09) 0.3
Fruit intake <200 g/d
No 1.00 (Reference)
Yes 1.05 (0.90-1.23) 0.5
Aquatic product intake <40 g/d
No 1.00 (Reference)
Yes 1.23 (1.06-1.43) 0.007
FMR per 0.1-unit 1.03 (1.01-1.06) 0.016
BMI, kg/m?
18.5- <24 1.00 (Reference)

(Continued)
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Characteristic OR (95% CI) p value
<185 1.32 (0.95-1.81) 0.093
24-<28 0.87 (0.74-1.02) 0.088
228 0.82 (0.65—-1.04) 0.1
Hypertension

No hypertension 1.00 (Reference)

Newly diagnosed 1.76 (1.48-2.09) <0.001
Previously diagnosed 3.13 (2.60-3.77) <0.001
Diabetes

No diabetes 1.00 (Reference)

Prediabetes 1.18 (1.00-1.38) 0.049
Newly diagnosed 2.02 (1.62-2.51) <0.001
Previously diagnosed 2.54 (1.89-3.39) <0.001
Dyslipidemia

No 1.00 (Reference)

Yes 1.22 (1.06—1.41) 0.007
Hyperuricemia

No 1.00 (Reference)

Yes 1.95 (1.68-2.27) <0.001
CVD

No 1.00 (Reference)

Yes .11 (0.73-1.67) 0.6

Notes: FMR was analyzed as a continuous variable per 0.-unit increment (ie, original value x10).
Abbreviations: ORs, odds ratios; Cl, confidence interval; BMI, body mass index; FMR, fat-
to-muscle ratio; CVD, cardiovascular disease.

P<0.05). For impaired kidney function, significant associations were observed with male sex, age >45 years, low aquatic
product intake (<40 g/d), and previously diagnosed hypertension, dyslipidemia, and hyperuricemia. (all P<0.05).
All VIFs were <2, suggesting no evidence of problematic multicollinearity, including between BMI and FMR.

The Association Between FMR and CKD

Primary Associations

Table 3 presents the association between FMR (per 0.1-unit increase) and kidney outcomes across sequentially adjusted
models. In unadjusted models (Model 1), higher FMR was significantly associated with CKD, albuminuria, and impaired
kidney function (all P<0.001). In fully adjusted models (Model 5), which included demographic factors, lifestyle factors,
BMI (for CKD and albuminuria), and cardiometabolic comorbidities, FMR remained significantly associated with CKD
(OR 1.03, 95% CI 1.00-1.06, P<0.05) and albuminuria (OR 1.04, 95% CI 1.02-1.07, P<0.01), but not with impaired
kidney function (OR 1.01, 95% CI 0.97-1.05, P>0.05).

International Journal of General Medicine 2025:18 heeps: 6715



Li et al

Table 3 FMR and Kidney Outcomes Across Sequential Models (per 0.1-Unit Increase)

Outcome Model | Model 2 Model 3 Model 4 Model 5

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
CKD 1.10 (1.08—1.12)¥** | 1.05 (1.03—1.07)*** | 1.06 (1.03—1.08)*** | 1.04 (1.02-1.07)*** | 1.03 (1.01-1.06)*
Albuminuria 1.09 (1.07—1.12)¥** | 1.06 (1.03—1.08)*** | 1.06 (1.03—1.08)*** | 1.05 (1.02—1.08)*** | 1.04 (1.02—1.07)**
Impaired Kidney Function | 1.09 (1.06—1.12)* | .07 (1.03—I.11)** | 1.07 (1.03—I.11)** | — 1.01 (0.97-1.05)

Notes: Covariates were selected based on significance in univariate analysis for each outcome. Model |: Unadjusted; Model 2: Adjusted for significant demographic
factors (eg, age, sex, ethnicity, education, income, urban/rural); Model 3: Model 2 + lifestyle factors (eg, fruit, red meat, aquatic products, physical inactivity, drinking);
Model 4: Model 3 + BMI (not included for impaired kidney function due to non-significance in univariate analysis); Model 5: Model 4 + cardiometabolic comorbidities
(hypertension, diabetes, dyslipidemia, cardiovascular disease, hyperuricemia). *P < 0.05; **P < 0.01, ***P < 0.001.

Abbreviations: FMR, fat-to-muscle ratio; ORs, odds ratios; Cl, confidence interval; CKD, chronic kidney disease; BMI, body mass index.

To further elucidate the association, participants were categorized into quartiles based on their FMR values (Ql:
lowest, Q4: highest). In the fully adjusted model, compared to the lowest quartile (Q1), participants in the highest quartile
(Q4) had a significantly higher risk of CKD (OR: 1.61, 95% CI: 1.27-2.04) and albuminuria (OR: 1.90, 95% CI:
1.48-2.45). A significant dose-response relationship was observed for both outcomes (P for trend <0.001). The
association with impaired kidney function remained non-significant across all quartiles (Table 4).

To address potential confounding by antihypertensive treatment status, we re-categorized hypertension as no
hypertension, untreated hypertension, and treated hypertension. In these models, the association between FMR and

Table 4 Association Between FMR Quartiles and Kidney Outcomes in Fully Adjusted

Models
Outcome FMR Quartiles | OR (95% CI) p value | p for trend
CKD Ql 1.00 (Reference) <0.001
Q2 1.42 (1.14-1.77) | 0.002
Q3 1.33 (1.06-1.67) | 0.013
Q4 1.61 (1.27-2.04) | <0.001
Albuminuria Ql 1.00 (Reference) <0.001
Q2 1.52 (1.19-1.95) | <0.001
Q3 1.48 (1.15-1.90) | 0.002
Q4 1.90 (1.48-2.45) | <0.001
Impaired Kidney Function | QI 1.00 (Reference) 0.986
Q2 1.02 (0.72-1.44) | >0.9
Q3 0.95 (0.67-1.36) | 0.8
Q4 1.02 (0.70-1.49) | >0.9

Notes: Participants were categorized into quartiles (Q) based on FMR values, with cutpoints: QI (<0.61), Q2
(0.61-<0.83), Q3 (0.83—<1.05), Q4 (21.05). QI was the reference group. Models were adjusted for demographic
factors (age, sex, ethnicity, education, income, urban/rural), lifestyle factors (fruit, red meat, aquatic products,
physical inactivity, drinking), BMI (for CKD and albuminuria), and cardiometabolic comorbidities (hypertension,
diabetes, dyslipidemia, cardiovascular disease, hyperuricemia).

Abbreviations: BMI, body mass index; Cl, confidence interval; CKD, chronic kidney disease; FMR, fat-to-muscle
ratio; OR, odds ratio; Q, quartile.
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CKD remained robust (per 0.1-unit increase: OR 1.03, 95% CI 1.01-1.06; P=0.016). Detailed results are provided in
Supplementary Table 6.

Subgroup Analyses
In the subgroup analyses, a per 0.1-unit increase in fat-to-muscle ratio (FMR) was significantly associated with higher
odds of CKD in males (OR=1.09, 95% CI:1.03—1.15, P=0.003), the Zhuang population (OR=1.05, 95% CI:1.00-1.09,
P=0.043), individuals with overweight (OR=1.05, 95% CI:1.01-1.10, P=0.024) or obesity (OR=1.08, 95% CI:1.01-1.14,
P=0.017), and those with newly diagnosed hypertension (OR=1.08, 95% CI:1.04-1.13, P<0.001), or prediabetes
(OR=1.06, 95% CI:1.02—-1.11, P=0.002). Significant interactions were observed for hypertension status
(P-interaction=0.004), ethnicity (P-interaction=0.046), and diabetes status (P-interaction=0.034) (details in Figure 1).
For albuminuria, associations paralleled CKD findings in males, the Zhuang population, individuals with over-
weight or obesity, those with newly diagnosed hypertension, or those with prediabetes. An inverse association was
observed in participants with previously diagnosed diabetes (OR=0.89, 95% CI: 0.80—1.00, P=0.043). Significant
interactions emerged for hypertension (P-interaction=0.028) and diabetes (P-interaction=0.015) (details in
Supplementary Figure 3).

Nonlinear Association and Threshold Validation

Restricted cubic spline analysis showed a significant linear association between FMR and the odds of CKD (P for overall
association = 0.013; P for nonlinearity = 0.603) and identified a threshold at FMR = 0.84 (Figure 2). Above this
threshold, CKD prevalence increased from 11.1% to 16.7%, albuminuria from 7.9% to 12.5%, and impaired kidney
function from 4.4% to 6.0% (all P < 0.001) (Supplementary Table 7).

Fat-to-Muscle Ratio Across CKD Stages and Albuminuria Categories

Among 8716 participants with valid FMR measurements, significant positive trends were observed across advancing
CKD stages (Z=9.76, P<0.001) and albuminuria grades (Z=8.63, P<0.001), indicating progressively higher adiposity
relative to muscle mass with disease severity (Supplementary Table 8).
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Zhuang 3595 | --------- @------- | 1.05 (1.00-1.09) 0.043

Non-Zhuang 4911 [- e o@renne- | 1.02 (0.99-1.06) 0.164
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Figure | Association Between FMR (per 0.1-Unit Increase) and CKD Across Subgroups.
Abbreviations: FMR, fat-to-muscle ratio; CKD, chronic kidney disease; BMI, body mass index; OR, odds ratio; Cl, confidence interval.
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Figure 2 FMR and the odds ratio of CKD: Restricted cubic splines analysis.

Notes: RCS model with 3 knots, selected based on minimal BIC, was used to assess the association between FMR and CKD risk. Model was adjusted for age, ethnicity, BMI,
aquatic product consumption, hypertension, diabetes, dyslipidemia and hyperuricemia. Odds ratios correspond to |-unit FMR increases. Shaded area represents 95%
confidence interval. The blue dashed line indicates the critical FMR threshold (0.84) where OR=1.0 (black reference line).

Abbreviations: FMR, fat-to-muscle ratio; CKD, chronic kidney disease; OR, odds ratio; Cl, confidence interval; BMI, body mass index.

Discussion

This cross-sectional study utilized data from the 2020 China Cardiovascular Disease and Risk Factors Surveillance to
investigate CKD epidemiology among adults in the Guangxi Zhuang Autonomous Region, a minority area in southern
China. Among 8940 participants (93.1% completion rate), the age- and sex-adjusted prevalence of CKD, albuminuria,
and impaired kidney function was 10.9%, 8.2%, and 3.7%, respectively. Notably, our study found that the FMR was
independently associated with CKD, with each 0.1-unit increase linked to 3% higher odds (adjusted OR = 1.03, 95% CI
1.01-1.06) after controlling for traditional metabolic risk factors. A dose-response relationship was evident, with FMR
increasing progressively across CKD stages and albuminuria grades (P-trend < 0.001). A critical risk threshold was
identified at FMR > 0.84.

The global prevalence of CKD exceeds 10%, with substantial underdiagnosis worldwide.”? In Guangxi, the age-
adjusted CKD prevalence (10.9%) significantly surpassed national estimates (8.2%),> while awareness remained alar-
mingly low (1.4% vs 10% nationally). Importantly, 37.2% of CKD patients had Stage 3—5 disease, consistent with the
elevated burden observed in southern China where nearly half of CKD cases progress to advanced stages.” This disparity
likely reflects heightened regional cardiometabolic burdens: hypertension (39.7% vs 27.6%) and hyperuricemia (23.3%
vs 14.1%) prevalence markedly exceeded national averages, while diabetes prevalence aligned (12.0% vs 12.4%).
Notably, 34.6% of participants had prediabetes, indicating a reservoir for future CKD progression given the 5—15-year
latency of diabetic nephropathy.?® Similarly, among CKD patients, hypertension (69.0% vs 60.5% nationally) and
hyperuricemia (36.8% vs 21.5%) were disproportionately prevalent. These findings align with global trends where
cardiometabolic comorbidities drive CKD progression.”> Collectively, these data reveal critical gaps in early CKD
detection and underscore the imperative for integrated management of metabolic risks in Guangxi.

We found CKD prevalence rose sharply after age 45, mirroring global aging trends.* This inflection likely reflects
cumulative nephron loss compounded by sarcopenia, which can artifactually elevate creatinine-based eGFR and mask
early decline.® Concurrently, diminished renal reserve in older adults further predisposes to overt disease. Together,
these findings underscore the critical role of body composition, and not age alone, in CKD risk.
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Similar to racial disparities observed in the United States, ethnic disparities in CKD prevalence persisted in our
study even after multivariable adjustment, with non-Zhuang individuals exhibiting 15% higher odds of CKD than
Zhuang counterparts (aOR=1.15). This may be linked to the Zhuang’s lower hypertension rates and ethnic genetic
factors. Compared with a survey conducted a decade ago among 7588 rural Zhuang adults in Guangxi,” our findings
indicate a substantial epidemiological shift. In that study, the age- and sex-adjusted prevalence of CKD was 4.9%
(excluding hematuria), and only 3.6% of patients were aware of their condition. Hypertension and advancing age were
the primary risk factors, while diabetes and dyslipidemia were uncommon and not associated with CKD. In contrast, our
study revealed a markedly higher CKD prevalence in the Zhuang population (9.6%) and an even lower awareness rate
(1.4%). The burden of cardiometabolic comorbidities has risen sharply, with hypertension, diabetes, hyperuricemia,
dyslipidemia, and obesity increasing from 14.7%, 3.4%, 13.4%, 15.9%, and 3.3% to 37.5%, 12.8%, 23.4%, 32.6%, and
12.5%, respectively. These conditions now represent major independent drivers of CKD. Moreover, novel risk factors,
such as low seafood intake and unfavorable FMR emerged, underscoring the influence of shifting dietary and lifestyle
patterns.

The accumulating evidence underscores that the relationship between body composition and CKD extends beyond
mere adiposity, hinging critically on the balance between fat and muscle mass. Our study reinforces this paradigm by
demonstrating a strong, independent association between a higher FMR and the prevalence of CKD and albuminuria in
a multi-ethnic population from Southern China. This finding consolidates observations from diverse populations,
including a large Korean cohort where a higher muscle-to-fat ratio (the inverse of FMR) was protective against CKD
incidence,' and a recent Chinese study linking elevated FMR to reduced eGFR exclusively in middle-aged men.'' The
mechanistic underpinnings of this association are multifactorial and synergistic. Our findings, along with existing
literature, underscore that the pathological link between high FMR and CKD likely transcends simple obesity metrics
and is rooted in a dual pathology of ectopic lipid deposition and loss of metabolically active muscle mass.>® This body
composition imbalance creates a pro-inflammatory and pro-fibrotic milieu. On one hand, visceral and ectopic fat (eg,
perirenal fat) secretes adipokines that drive systemic inflammation, oxidative stress, and RAAS activation, directly
promoting glomerular hypertension and renal injury.”” The detrimental role of ectopic fat is further highlighted in
advanced CKD, where the accumulation of intermuscular adipose tissue has been independently linked to heightened
inflammation and functional decline.?® On the other hand, concurrent muscle wasting, or sarcopenia, diminishes the
secretion of protective myokines and exacerbates insulin resistance, further impairing renal microvascular health.?*-*
This synergistic “double hit” from both excess fat and deficient muscle may explain why FMR is a more potent risk
indicator than BMI alone.

In our study, a higher FMR was independently associated with increased odds of both CKD (adjusted OR=1.03 per
0.1-unit, 95% CI 1.01-1.06) and albuminuria (OR=1.04, 95% CI 1.02-1.07). Participants in the highest FMR quartile had
1.61-fold and 1.90-fold higher odds of CKD and albuminuria, respectively, compared to those in the lowest quartile.
However, we found no significant association between FMR and impaired kidney function (eGFR <60 mL/min/1.73 m?).
By contrast, He et al reported that higher FMR predicted reduced eGFR (<90 mL/min/1.73 m?) in a large Chinese adult
cohort."" Two key factors may underlie these discrepant results: first, differing eGFR thresholds—our threshold (eGFR
<60) excludes mild dysfunction cases (60-89), which He et al included, potentially capturing early FMR-related
decline; second, disease stage and population characteristics—at advanced impairment (¢GFR <60), other pathophysio-
logical drivers (eg, long-standing hypertension or diabetes) may predominate, attenuating FMR’s effect. These metho-
dological and clinical distinctions likely explain the divergent associations with reduced kidney function. Furthermore,
the attenuation of FMR’s effect in Model 5 may reflect statistical overadjustment, since hypertension, dyslipidemia, and
hyperuricemia could plausibly lie on the pathway linking FMR with CKD rather than acting as independent confounders.
Notably, BMI showed no independent association with CKD regardless of FMR inclusion, suggesting FMR’s greater
sensitivity to pathological fat-muscle imbalances than conventional adiposity metrics, as supported by recent evidence.*'

Subgroup analyses showed significant interactions between FMR and ethnicity, hypertension status, and glucose
metabolism (all P-interaction <0.05). Each 0.1-unit increase in FMR was associated with higher odds of CKD in Zhuang
individuals (OR 1.05 vs non-Zhuang 1.02), newly diagnosed hypertensives (OR 1.08), and those with prediabetes (OR
1.06), but not in diabetes or established hypertension. Similar patterns emerged for albuminuria (OR 1.10 in new

International Journal of General Medicine 2025:18 heeps: 6719



Li et al

hypertensives; OR 1.07 in prediabetes). These results imply that FMR exerts its greatest renal harm during the incipient
phases of cardiometabolic dysregulation.>® In new-onset hypertension, excess visceral fat may amplify hemodynamic
stress via sympathetic overactivity and renin-angiotensin-aldosterone system (RAAS) activation.”® In prediabetes, the
dual pathology of muscle loss and adiposity likely exacerbates insulin resistance and low-grade inflammation, directly
impairing renal function.>* Conversely, in diabetes and established hypertension, advanced vascular injury may over-
shadow the influence of body composition, and lifestyle or pharmacologic interventions may further attenuate FMR’s
effect on CKD odds.>>~*® Nevertheless, the association between FMR and CKD remained robust in sensitivity analyses
that further adjusted for antihypertensive treatment status, reinforcing that this link is independent of disease management
practices. An unexpected inverse trend of FMR with albuminuria in the small subgroup of previously diagnosed diabetics
warrants cautious interpretation—it could reflect residual confounding (eg, renoprotective medications) or limited power.
Although the interaction between FMR and BMI was not statistically significant, the stratified analysis suggested
a stronger association between FMR and CKD in overweight and obese individuals, indicating a potential trend worthy
of further investigation.?’

Although the FMR—CKD association appeared stronger in males, no significant interaction was detected (P=0.069),
suggesting similar utility across sexes. Therefore, we identified an FMR threshold of 0.84 in the overall population,
beyond which CKD risk increased significantly. This may represent a biological tipping point where adiposity surpasses
renal compensatory capacity,”’ independent of BMI-defined obesity. The identified FMR threshold (0.84), derived from
routine bioimpedance analysis, offers a low-cost and practical tool for early CKD risk stratification in high-risk
subpopulations. These findings challenge the traditional reliance on BMI and highlight FMR as a novel anthropometric
marker with dose-dependent risk and a clinically actionable cut-off.

Finally, besides body composition, low consumption of aquatic products was also significantly associated with CKD.
Participants consuming less than 40 g of aquatic products daily had 23% higher odds of CKD (OR 1.23; 95% CI
1.06-1.43), possibly due to reduced intake of anti-inflammatory n-3 PUFAs found in these products.”®

This study has several limitations. First, as a cross-sectional analysis, causality between FMR and CKD cannot be
established. Second, CKD was defined based on a single measurement of eGFR and UACR, whereas guidelines
recommend persistent abnormalities for at least 3 months; this may lead to misclassification and biased prevalence
estimates. Third, although BIA provides a convenient and noninvasive assessment of fat and muscle mass, it cannot
differentiate visceral from subcutaneous fat, and our FMR reflects overall rather than regional adiposity. Fourth, our
sample had a higher proportion of female participants. Although we adjusted for sex in multivariate analyses and
standardized prevalence estimates to the Guangxi population structure, this imbalance may still limit the generalizability
of our absolute prevalence estimates. Fifth, the interpretation of hypertension-related subgroups is complicated by
potential confounding by indication. We observed a higher adjusted odds ratio for CKD in participants taking anti-
hypertensive medication compared to those with untreated hypertension. This likely does not indicate a harmful effect of
treatment, but rather that treatment status acts as a marker for more severe or longer-standing disease, which is itself
a strong risk factor for CKD. Our cross-sectional design and lack of data on specific medication classes, treatment
duration, and adherence preclude further causal interpretation of this finding. Future longitudinal studies with repeated
measurements and imaging-based body composition assessments are needed to confirm these findings and further clarify

underlying mechanisms.

Conclusion

This cross-sectional study updates the CKD epidemiological profile in southern China’s ethnic minority populations,
revealing a persistently high disease burden with low awareness. Our findings suggest that FMR may serve as a novel,
dose-dependent predictor of CKD risk (threshold: FMR >0.84), potentially offering advantages over BMI in capturing
adiposity-muscle imbalance. FMR shows potential as a practical anthropometric index for early risk stratification in
community settings. Future studies should validate its prognostic value and explore targeted interventions.

6720 https: International Journal of General Medicine 2025:18



Li et al

Funding

This work was supported by the National Natural Science Foundation of China (Grant No. 82360092), Guangxi Key
Research and Development Program (Grant No. 2023AB3004), Guangxi Medical and Health Appropriate Technology
Development and Application Project (Grant No. S2024026), and Guangxi Traditional Chinese Medicine Appropriate
Technology Development and Promotion Project (Grant No. GZSY2024057).

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

References

—_

. Zhang L, Wang F, Wang L, et al. Prevalence of chronic kidney disease in China: a cross-sectional survey. Lancet. 2012;379(9818):815-822.
doi:10.1016/S0140-6736(12)60033-6
2. Wang L, Xu X, Zhang M, et al. Prevalence of chronic kidney disease in China: results from the sixth china chronic disease and risk factor
surveillance. JAMA Intern Med. 2023;183(4):298-310. doi:10.1001/jamainternmed.2022.6817
. Guo F, LiJ, Wei T, Ye Q, Chen Z. Genetic variation of 17 autosomal STR loci in the Zhuang ethnic minority from Guangxi Zhuang Autonomous
Region in the south of China. Forensic Sci Int Genet. 2017;28:e51-e52. doi:10.1016/j.fsigen.2017.03.015
4. Mai LX, Liu Y, Wen H, Zeng ZY. The correlation between healthy lifestyle habits and all-cause and cardiovascular mortality in Guangxi. BMC
Public Health. 2024;24(1):2226. doi:10.1186/s12889-024-19718-w
5.Pan L, Ma R, Wu Y, et al. Prevalence and risk factors associated with chronic kidney disease in a Zhuang ethnic minority area in China.
Nephrology. 2015;20(11):807-813. doi:10.1111/nep.12510
6. Lu Z, Hu'Y, Chen X, et al. Sex-specific associations between total and regional fat-to-muscle mass ratio and cardiometabolic risk: findings from the
China National Health Survey. Nutr J. 2024;23(1):104. doi:10.1186/512937-024-01007-2
7. Wang N, Sun Y, Zhang H, et al. Total and regional fat-to-muscle mass ratio measured by bioelectrical impedance and risk of incident type 2
diabetes. J Cachexia, Sarcopenia Muscle. 2021;12(6):2154-2162. doi:10.1002/jcsm.12822
Chen Z, Guo D, Xiao L, Su H, Chen Y. Association of fat-to-muscle ratio with hypertension: a cross-sectional study in China. J Hum Hypertens.
2025;39(4):301-307. doi:10.1038/s41371-025-00992-z
9. Seo YG, Song HJ, Song YR. Fat-to-muscle ratio as a predictor of insulin resistance and metabolic syndrome in Korean adults. J Cachexia,
Sarcopenia Muscle. 2020;11(3):710-725. doi:10.1002/jcsm.12548
10. Jhee JH, Joo YS, Han SH, Yoo TH, Kang SW, Park JT. High muscle-to-fat ratio is associated with lower risk of chronic kidney disease
development. J Cachexia, Sarcopenia Muscle. 2020;11(3):726—734. doi:10.1002/jcsm.12549
11. He H, Pan L, Wang D, et al. Fat-to-muscle ratio is independently associated with hyperuricemia and a reduced estimated glomerular filtration rate in
Chinese adults: the China national health survey. Nutrients. 2022;14(19):4193. doi:10.3390/nu14194193
12. Center For Cardiovascular Diseases The Writing Committee Of The Report On Cardiovascular H, Diseases In China N. Report on cardiovascular
health and diseases in China 2023: an updated summary. Biomed Environ Sci. 2024;37(9):949-992. do0i:10.3967/bes2024.162
13. Bull FC, Al-Ansari SS, Biddle S, et al. World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br J Sports Med.
2020;54(24):1451-1462. doi:10.1136/bjsports-2020-102955
14. Society CN. Dietary Guidelines for Chinese Residents: 2022. People’s Medical Publishing House; 2022.
15. Kidney Disease: Improving Global Outcomes CKDWG. KDIGO 2024 clinical practice guideline for the evaluation and management of chronic
kidney disease. Kidney Int. 2024;105(4S):S117-S314. doi:10.1016/j.kint.2023.10.018
16. Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular filtration rate. Ann Intern Med. 2009;150(9):604-612.
doi:10.7326/0003-4819-150-9-200905050-00006
17. Practice C, Aleppo G, Bannuru RR, American Diabetes Association Professional. 2. diagnosis and classification of diabetes: standards of care in
Diabetes—2024. Diabetes Care. 2024;47(Suppl 1):S20-S42. doi:10.2337/dc24-S002
18. Kreutz R, Brunstrom M, Burnier M, et al. 2024 European society of hypertension clinical practice guidelines for the management of arterial
hypertension. Eur J Intern Med. 2024;126:1-15. doi:10.1016/j.ejim.2024.05.033
19. Li JJ, Zhao SP, Zhao D, et al. 2023 Chinese guideline for lipid management. Front Pharmacol. 2023;14:1190934. doi:10.3389/fphar.2023.1190934
20. Zeng Q, Li N, Pan XF, Chen L, Pan A. Clinical management and treatment of obesity in China. Lancet Diabetes Endocrinol. 2021;9(6):393-405.
doi:10.1016/S2213-8587(21)00047-4
. Borghi C, Domienik-Karlowicz J, Tykarski A, et al. Expert consensus for the diagnosis and treatment of patients with hyperuricemia and high
cardiovascular risk: 2023 update. Cardiol J. 2024;31(1):1-14. doi:10.5603/cj.98254
22. Francis A, Harhay MN, Ong ACM, et al. Chronic kidney disease and the global public health agenda: an international consensus. Nat Rev Nephrol.
2024;20(7):473—485. doi:10.1038/s41581-024-00820-6
23. Natesan V, Kim SJ. Diabetic nephropathy - a review of risk factors, progression, mechanism, and dietary management. Biomol Ther. 2021;29
(4):365-372. doi:10.4062/biomolther.2020.204
24. Qin K, Qing J, Wang Q, Li Y. Epidemiological shifts in chronic kidney disease: a 30-year global and regional assessment. BMC Public Health.
2024;24(1):3519. doi:10.1186/s12889-024-21065-9
25. Kovesdy CP. Epidemiology of chronic kidney disease: an update 2022. Kidney Int Suppl. 2022;12(1):7-11. doi:10.1016/j.kisu.2021.11.003
26. Jiang Z, Wang Y, Zhao X, et al. Obesity and chronic kidney disease. Am J Physiol Endocrinol Metab. 2023;324(1):E24—e41. doi:10.1152/
ajpendo.00179.2022
27.Xu W, Zhu Y, Wang S, Liu J, Li H. From adipose to ailing kidneys: the role of lipid metabolism in obesity-related chronic kidney disease.
Antioxidants. 2024;13(12):1540. doi:10.3390/antiox 13121540

w2

o

2

—_

International Journal of General Medicine 2025:18 heeps: 6721


https://doi.org/10.1016/S0140-6736(12)60033-6
https://doi.org/10.1001/jamainternmed.2022.6817
https://doi.org/10.1016/j.fsigen.2017.03.015
https://doi.org/10.1186/s12889-024-19718-w
https://doi.org/10.1111/nep.12510
https://doi.org/10.1186/s12937-024-01007-2
https://doi.org/10.1002/jcsm.12822
https://doi.org/10.1038/s41371-025-00992-z
https://doi.org/10.1002/jcsm.12548
https://doi.org/10.1002/jcsm.12549
https://doi.org/10.3390/nu14194193
https://doi.org/10.3967/bes2024.162
https://doi.org/10.1136/bjsports-2020-102955
https://doi.org/10.1016/j.kint.2023.10.018
https://doi.org/10.7326/0003-4819-150-9-200905050-00006
https://doi.org/10.2337/dc24-S002
https://doi.org/10.1016/j.ejim.2024.05.033
https://doi.org/10.3389/fphar.2023.1190934
https://doi.org/10.1016/S2213-8587(21)00047-4
https://doi.org/10.5603/cj.98254
https://doi.org/10.1038/s41581-024-00820-6
https://doi.org/10.4062/biomolther.2020.204
https://doi.org/10.1186/s12889-024-21065-9
https://doi.org/10.1016/j.kisu.2021.11.003
https://doi.org/10.1152/ajpendo.00179.2022
https://doi.org/10.1152/ajpendo.00179.2022
https://doi.org/10.3390/antiox13121540

Li et al

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.
38.

Dilaver RG, Demirci M, Crescenzi R, et al. Intermuscular Adipose Tissue and Muscle Function in Patients on Maintenance Hemodialysis. medRxiv.
2025. doi:10.1101/2025.01.31.25321429

Heitman K, Alexander MS, Faul C. Skeletal muscle injury in chronic kidney disease-from histologic changes to molecular mechanisms and to
novel therapies. Int J Mol Sci. 2024;25(10). doi:10.3390/ijms25105117

Huang F, Ji X, Wang Z, et al. Fat-to-muscle ratio is associated with insulin resistance and cardiometabolic disorders in adults with type 1 diabetes
mellitus. Diabetes Obes Metab. 2023;25(11):3181-3191. doi:10.1111/dom.15212

Kim B, Park H, Kim G, Isobe T, Sakae T, Oh S. Relationships of fat and muscle mass with chronic kidney disease in older adults: a cross-sectional
pilot study. /nt J Environ Res Public Health. 2020;17(23):9124. doi:10.3390/ijerph17239124

Hall JE, Mouton AJ, da Silva AA, et al. Obesity, kidney dysfunction, and inflammation: interactions in hypertension. Cardiovasc Res. 2021;117
(8):1859-1876. doi:10.1093/cvr/cvaa336

Sun JY, Su Z, Yang J, Sun W, Kong X. The potential mechanisms underlying the modulating effect of perirenal adipose tissue on hypertension:
physical compression, paracrine, and neurogenic regulation. Life Sci. 2024;342:122511. doi:10.1016/j.1f5.2024.122511

Wong BWX, Tan DYZ, Li LJ, Yong EL. Individual and combined effects of muscle strength and visceral adiposity on incident prediabetes and type
2 diabetes in a longitudinal cohort of midlife Asian women. Diabetes Obes Metab. 2025;27(1):155-164. doi:10.1111/dom.15995

Zu C, Liu M, Wang G, et al. Association between longitudinal changes in body composition and the risk of kidney outcomes in participants with
overweight/obesity and type 2 diabetes mellitus. Diabetes Obes Metab. 2024;26(9):3597-3605. doi:10.1111/dom.15699

Zeitler EM, Dabb K, Nadeem D, Still CD, Chang AR. Blockbuster medications for obesity: a primer for nephrologists. Am J Kidney Dis. 2023;82
(6):762—771. doi:10.1053/j.ajkd.2023.04.009

Friedman AN. Obesity in CKD: a promising path forward. Clin J Am Soc Nephrol. 2022;17(12):1817-1819. do0i:10.2215/cjn.09150822

Ong KL, Marklund M, Huang L, et al. Association of omega 3 polyunsaturated fatty acids with incident chronic kidney disease: pooled analysis of
19 cohorts. BMJ. 2023:380:¢072909. doi:10.1136/bm;j-2022-072909

International Journal of General Medicine Dovepress
Taylor & Francis Group

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 2025:18
6722 EFl X in O )


https://doi.org/10.1101/2025.01.31.25321429
https://doi.org/10.3390/ijms25105117
https://doi.org/10.1111/dom.15212
https://doi.org/10.3390/ijerph17239124
https://doi.org/10.1093/cvr/cvaa336
https://doi.org/10.1016/j.lfs.2024.122511
https://doi.org/10.1111/dom.15995
https://doi.org/10.1111/dom.15699
https://doi.org/10.1053/j.ajkd.2023.04.009
https://doi.org/10.2215/cjn.09150822
https://doi.org/10.1136/bmj-2022-072909
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 Design
	Study Subjects and Sampling Method
	Study Subjects
	Sampling Method

	Data Collection and Assessment Methods
	Questionnaire Survey
	Physical Examination and Laboratory Tests
	Diagnostic Criteria

	Statistical Analysis

	Results
	General Information
	Prevalence of CKD
	Analysis of Factors Influencing CKD
	The Association Between FMR and CKD
	Primary Associations
	Subgroup Analyses
	Nonlinear Association and Threshold Validation
	Fat-to-Muscle Ratio Across CKD Stages and Albuminuria Categories


	Discussion
	Conclusion
	Funding
	Disclosure

