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Abstract: Objective To investigate the relationship between the muscle-to-fat ratio  (MFR) and renal function impairment in
patients with type 2 diabetic kidney disease (DKD) , and to provide an objective basis for assessing the risk of DKD progression.
Methods A cross-sectional study was conducted, involving 277 hospitalized DKD patients at Wuxi People’s Hospital Affiliated
to Nanjing Medical University from May 2023 to May 2025. Body composition indicators, including body mass index (BMI)
MFR, and skeletal muscle mass index (SMMI) , were measured using bioelectrical impedance analysis (BIA) . Simultaneously,
serum creatinine (Scr) , blood urea nitrogen (BUN) , and urinary microalbumin-to-creatinine ratio (UACR) were detected, and
the estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formula. According to the CGA (cause-eGFR-albuminuria) staging system recommended by the Kidney Disease:
Improving Global Outcomes (KDIGO) 2022 guidelines, patients were stratified into risk groups based on combined eGFR and
UACR levels: Group G1-2A2 [eGFR=60 mL/ (min-1.73 m 2 ) and UACR 30~299 mg/g], Group G1-2A3[eGFR=60 mL/ (min-1.73
m’) and UACR= 300 mg/g], Group G3A2 [eGFR 30~59 mL/ (min-1.73 m’) and UACR 30~299 mg/g], Group G3A3[eGFR 30~59
mL/ (min-1.73 m*) and UACR=300 mg/g], and Group G4-5A2-3 [eGFR < 30 mL/ (min-1.73 m”) and UACR=30 mg/g].
Spearman correlation analysis was used to examine the relationship between body composition indicators and renal function
parameters. Binary logistic regression analysis was applied to identify independent influencing factors for renal
impairment[eGFR<60 mL/ (min-1.73 m*) ], and multivariate logistic regression was used to evaluate the predictive value of MFR
for DKD progression risk based on CGA staging. Receiver operating characteristic (ROC) curves were plotted to assess the
predictive efficacy of MFR for renal function decline. Results As renal function worsened (from the G1-2A2 group to the
G4-5A2-3 group) , MFR showed a decline trend (P<0.01) . MFR was positively correlated with eGFR (r=0.547, P<0.01) and
negatively correlated with Scr, BUN, and UACR (r=-0.341, -0.328, -0.136, P<0.05) . Multivariate logistic regression analysis
indicated that standardized MFR (ZMFR) was an independent protective factor for renal impairment ( OR=0.166, 95%C/
0.098-0.280, P<0.01) after adjusting for confounding factors. Additionally, ZMFR was identified as an independent protective
factor against the progression to high-risk DKD stages (OR=0.621, 95%C/ 0.426-0.904, P=0.013) . ROC analysis revealed that
the area under the curve (AUC) for MFR in predicting renal function decline[eGFR<60 mL/ (min-1.73 m®) Jwas 0.813 (P<0.01).
Conclusion A decrease in MFR is independently associated with renal function impairment in DKD patients. An increase in
MFR is an independent protective factor for renal impairment and the progression of CGA staging. Monitoring changes in MFR
may help identify high-risk patients early and provide new insights into muscle-fat metabolism interventions for DKD.
Keywords: Muscle-to-fat ratio; Diabetic kidney disease; Renal function impairment; Cross-sectional study; Bioelectrical
impedance analysis
Fund program: Youth Project of the National Natural Science Foundation of China (82000685)

Diabetic kidney disease (DKD) is the leading cause of
end-stage renal disease (ESRD) worldwide. Approximately
40% of patients with type 2 diabetes mellitus (T2DM) are
affected by DKD, and their risk of cardiovascular mortality
is significantly elevated [1]. The early pathological changes
of DKD are insidious. At present, the diagnosis of DKD
relies on the urinary microalbumin-to-creatinine ratio
(UACR) and estimated glomerular filtration rate (¢GFR).
However, both indicators exhibit obvious abnormalities
only when renal injury is relatively severe [2], resulting in
insufficient sensitivity for the detection of early renal
function impairment. Therefore, the development of more

effective risk warning tools and intervention targets has
become an urgent need for the current clinical management
and treatment of DKD.

Recent studies have revealed that the imbalance
between muscle and adipose metabolism is a key
pathological mechanism driving the progression of DKD.
Sarcopenia can activate inflammatory factor-mediated
protein catabolism, exacerbating insulin resistance, renal
microinflammation, and oxidative stress. In contrast,
visceral fat accumulation promotes lipid deposition in
nephrons through lipotoxic reactions, increasing the lipid
load of nephrons and forming a vicious cycle of the
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"muscle-kidney axis" [3-4]. Nevertheless, traditional body
composition indicators such as the skeletal muscle mass
index (SMMI) and visceral fat area only evaluate a single
tissue. They fail to quantify the interaction between muscle
and adipose tissue, are easily interfered with by edema and
body weight fluctuations, and thus cannot accurately assess
the comprehensive metabolic status of the body [5-6].

The muscle-to-fat mass ratio (MFR) is defined as the
ratio of total body skeletal muscle mass to fat mass. It can
simultaneously quantify muscle reserve and fat load, and
assess bidirectional metabolic processes. In addition, MFR
can identify and warn of "normal-weight obesity" and
quantify the synergistic effects of muscle gain and fat loss
[7]. Previous studies have reported the association between
MFR and cardiovascular diseases in diabetic patients,
suggesting that a low MFR is significantly correlated with
coronary artery calcification and cardiac function decline in
T2DM patients [8]. However, its specific predictive value
for renal function impairment and disease progression in
DKD remains unclear.

Accordingly, this cross-sectional study was designed
to investigate the association between MFR and renal
function impairment, as well as the comprehensive risk of
disease progression in DKD patients, in combination with
the Cause-eGFR-Albuminuria (CGA) staging system
recommended by the Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines. The study aims to provide
a new basis for DKD risk stratification and offer evidence
for metabolic interventions targeting the muscle-adipose
axis in the treatment of T2DM complications.

1 Participants and Methods
1.1 Study Population

This study adopted a cross-sectional design. A total of
277 DKD patients hospitalized in the Department of
Endocrinology, Wuxi People's Hospital Affiliated to
Nanjing Medical University, were enrolled between May
2023 and May 2025.

Inclusion criteria: (1) Meeting the World Health
Organization (WHO) diagnostic criteria for diabetes in
1999 [fasting blood glucose (FBG) > 7.0 mmol/L or 2-hour
plasma glucose during an oral glucose tolerance test > 11.1
mmol/L] [9]; (2) Meeting the diagnostic criteria for DKD
in the KDIGO guidelines [diabetes duration > 5 years, and
UACR > 30 mg/g and/or eGFR < 60 mL/(min-1.73 m?)]
[10].

Exclusion criteria: (1) Presence of factors interfering
with body composition measurement (e.g., edema,
pacemaker implantation, severe visual, auditory or
cognitive impairment); (2) Presence of severe systemic
diseases (hemoglobin < 90 g/L, alanine transaminase > 120
U/L, active tumors, severe infections, etc.); (3) Presence of
neuropsychiatric disorders (Parkinson's disease, epilepsy,
dementia, schizophrenia, etc.).

Among the 400 initially screened T2DM patients, 123
were excluded for the following reasons: thyroid
dysfunction (n = 12), anemia (n = 6), hepatic insufficiency
(n =7), tumors (n=8), failure to complete body composition

testing (n=52), neuropsychiatric disorders (n=2), dementia
(n =4), and missing evaluation data (n =32). Finally, 277
patients were included in the analysis. This study was
approved by the Ethics Committee of Wuxi People's
Hospital [No. (2023) 67].

1.2 Methods

1.2.1 Collection of Baseline Data

Baseline data of the patients were uniformly collected
from the hospital's electronic medical record system. (1)
Demographic characteristics, including gender, age, height,
body weight, waist circumference, hip circumference, and
diabetes duration; (2) Biochemical indicators, including
glycosylated hemoglobin (HbAlc), FBG, triglyceride (TG),
and low-density lipoprotein cholesterol (LDL-C); (3)
Calculated indices: body mass index (BMI) and
waist-to-hip ratio (WHR). All data were independently
entered by two researchers. Discrepant data were verified
and corrected by a third researcher against the original
records.

1.2.2 Measurement of Renal Function Indicators and
Grouping

Renal function was evaluated using standardized
testing procedures. Serum creatinine (Scr), urinary
creatinine, and blood urea nitrogen (BUN) were measured
via enzymatic methods using the Roche Cobas 8000
analyzer. Urinary microalbumin was measured via
immunoturbidimetry using the Siemens ADVIA 2400
analyzer. The UACR was calculated, and eGFR was
computed using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation [11]. DKD patients
were  stratified for risk  using the CGA
(Cause-eGFR-Albuminuria) staging system recommended
by the 2022 KDIGO guidelines [10]. Considering that all
enrolled patients were diagnosed with DKD and thus
classified into the moderate-to-high risk strata of the CGA
staging system, the patients were divided into 5 clinical
subgroups representing different stages of disease
progression based on the combination of eGFR stages (G
stages) and albuminuria stages (A stages). (1) G1-2A2
group (moderate risk): Normal renal function [eGFR>60
mL/(min-1.73 m?)] combined with microalbuminuria
(UACR 30-299 mg/g). (2) G1-2A3 group (high risk):
Normal renal function [¢GFR > 60 mL/(min-1.73 m?)]
combined with macroalbuminuria (UACR > 300 mg/g). (3)
G3A2 group (high risk): Reduced renal function [eGFR
30-59 mL/(min-1.73 m?)] combined with
microalbuminuria (UACR 30-299 mg/g). (4) G3A3 group
(very high risk): Reduced renal function [eGFR 30-59
mL/(min-1.73 m?)] combined with macroalbuminuria
(UACR = 300 mg/g). (5) G4-5A2-3 group (very high
risk/renal failure): Severe renal impairment or renal failure
[eGFR < 30 mL/(min-1.73 m?)] combined with
albuminuria (UACR > 30 mg/g).

1.2.3 Body Composition Measurement
Body composition was measured using a bioelectrical
impedance analysis (BIA) device (InBody 720,
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BIOSPACE) wunder standardized protocols. Before
measurement, patients were required to fast for 8 hours,
empty their bladders, wear light clothing, and remove all
metal objects. During measurement, patients stood barefoot
on the electrode plates, with both feet in close contact with
the foot electrodes, held the electrode handles with both
hands, and remained stationary for 5 minutes. The device
directly output body weight, fat mass (FM), and skeletal
muscle mass (SMM). Derived indices were calculated as
follows: SMMI = SMM (kg) / height? (m?); MFR = SMM /
FM.

1.3 Statistical Analysis

Statistical analyses were performed using SPSS 26.0
software. Measurement data conforming to a normal
distribution were expressed as x+s, while non-normally
distributed data were presented as median (interquartile
range, M (Q1, O3). Enumeration data were reported as cases
(percentage). One-way analysis of variance (ANOVA) was
used for comparisons among multiple groups if the data
were normally distributed and with homogeneity of
variance; otherwise, the Kruskal-Wallis H test was applied.
The chi-square test was used for comparisons of
categorical variables. Spearman's rank correlation was
employed to analyze the correlations between body
composition indicators and renal function parameters. To
eliminate the influence of dimensionality and compare
effect sizes, the MFR variable was standardized using the
Z-score method. Binary logistic regression analysis was
conducted to assess the independent effect of standardized
MFR (ZMFR) on renal function impairment. Multivariate
logistic regression models were applied to evaluate the
predictive value of ZMFR for the comprehensive
progression risk of DKD. Receiver operating characteristic
(ROC) curve analysis was performed to determine the
predictive efficacy of MFR for renal function decline

[eGFR < 60 mL/(min * 1.73 m?)], with the area under the
curve (AUC) and optimal cutoff value calculated. All
statistical tests were two-sided, and a P value < 0.05 was
considered statistically significant.

2 Results

2.1 Comparison of Baseline Characteristics

Among the 277 DKD patients, 144 were male and 133
were female. The number of patients in each subgroup was as
follows: 53 (19.13%) in the G1-2A2 group, 57 (20.58%) in
the G1-2A3 group, 49 (17.69%) in the G3A2 group, 63
(22.74%) in the G3A3 group, and 55 (19.86%) in the
G4-5A2-3 group. The comparisons of baseline characteristics
among the groups are presented in Table 1.

The median diabetes duration was the longest in the
G4-5A2-3 group [16.0 (13.0, 21.0) years]. With the
progression of renal dysfunction, Scr and BUN levels
gradually increased, while eGFR gradually decreased. Scr and
BUN levels were the highest, and eGFR was the lowest in the
G4-5A2-3 group, with statistically significant differences
among the groups (P < 0.01).

In terms of body composition, MFR showed a decreasing
trend with the decline of renal function (P < 0.01), dropping
from 0.77 (0.64, 0.98) in the G1-2A2 group to 0.61 (0.48, 0.66)
in the G4-5A2-3 group. BMI, WHR, and FM exhibited an
overall increasing trend (P < 0.01).

Regarding metabolic indicators, statistically significant
differences were observed in FBG levels among the five
groups (P =0.047). Specifically, FBG levels were significantly
lower in the G3A2 and G4-5A2-3 groups than in the G1-2A2
group, while they were significantly higher in the G3A3 group
than in the G1-2A2 and G1-2A3 groups (P < 0.01). No
statistically significant differences were found in HbAlc and
TG levels among the groups (P > 0.05).

Tab.1 Comparison of baseline characteristics among different patient groups [M (O1, 03) |
Indicators G1-2A2 (n=53) __ G1-2A3 (n=57) G3A2 (n=49) G3A3 (n=63) G4-5A2-3 (n=55) y*/H/F value P value
Male [case (%)] 30(56.60) 32(56.14) 22(44.90) 31(49.21) 29(52.73) 2.040 0.728
Age (years) 53.0 (45.5 57.0) 55.0 (46.5 63.5) 52.0 (44.558.5)  44.0(38.0 58.0) 2* 51.0 (45.0 58.0) 11.751 0.019
Diabetes duration
(years) 9.0 (6.5 12.0) 11.0 (7.5 14.5) 11.0 (7.0 14.5) 12.0 (7.0 15.0) 16.0 (13.021.0)%  48.867 <0.001
HbAlc (%, xis) 9.05+2.16 8.89 +£2.09 8.48 £2.01 9.55+1.97 9.08 £2.12 1.951 0.102
FBG (mmol/L,
xEs) 8.76+2.10 8.51+2.62 8.02£2.10° 9.27 +£2.46 82742250 2.449 0.047
TG (mmol/L) 2.39(1.264.57)  3.41(1.625.23) 2.19 (1.16 4.97) 2.24 (1.65 4.17) 3.08 (2.58 3.86) 5.645 0.227
LDL-C (mmol/L) 569 (2283.24)  3.10(2.58 3.55) 2.86(2.373.42)  3.15(2.603.68)®  3.27(2.733.75)® 15.984 0.003
Height (cm) 170 (163.0 174.0) 169 (164.0 175.0) 166 (157.5 175.5)* 163 (155.0 171.0)® 169 (158.0 173.0) 15.589 0.004
Weight (kg) 66 (56 73) 58 (52 64) 62 (53 74) 66 (59 71)® 65 (60 81)® 39.108 <0.001
BMI (kg/m?) 21.89 (19.44 26.39) 20.69 (17.94 22.30)* 22.89 (19.60 26.27) 24.28 (21.8527.73)® 23.81 (22.2128.63)®  39.108 <0.001
Waist
circumference (cm) 77.0 (72.086.5)  87.0 (80.593.0)*  87.0 (80.092.5)*  86.0(77.095.0)®  86.0(75.0 92.0) 18.425 0.001
Hip circumference
(cm) 89.0(86.095.0)  94.0(90.098.0)*  91.0(87.595.5)  92.0(88.097.0)®  90.0(85.0 95.0) 12.895 0.012
WHR 0.87(0.820.91)  0.90 (0.860.99)*  0.92 (0.89 1.01)*  0.91 (0.850.99)®  0.95 (0.87 1.00) ®«¢ 20297 <0.001
SMM (kg) 26.0(24427.6)  232(21.027.2)*  21.3(19.823.1)®  21.9(20.125.1)®  22.0(20.923.5)® 52.098 <0.001
SMMI (kg/m?) 8.8(8.49.7) 82(7.49.1) 7.7(7.18.7)° 8.3(7.59.0) 79(7.18.6)¢ 29.447 <0.001
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Indicators G1-2A2 (n=53)  G1-2A3 (n=57) G3A2 (n=49) G3A3 (n=63) G4-5A2-3 (n=55) y*H/F value P value
FM (kg) 33.6 (24.3 40.3) 27.0 (23.034.2) @ 33.6 (27.041.3)® 35.9(31.139.7) 36.9 (32.4 47.6) 37.141 <0.001
MFR (kg/kg) 0.77 (0.64 0.98) 0.88 (0.69 1.01) # 0.71 (0.500.79)®  0.66 (0.54 0.71) 2 0.61 (0.48 0.66) 2><d 64.019 <0.001
197.1 (143.1 269.8)
Scr (pumol/L) 83.4(75.595.9) 90.0 (80.5102.6)  109.2 (89.1 126.9)* 139.1 (124.6 153.2) * abed 166.65 <0.001
BUN (mmol/L) 5.61 (4.57 6.95) 5.85(4.86 7.12) 7.79 (5.989.27) * 8.48 (6.86 9.35)%®  9.39(7.30 10.91) 2<d 97.606 <0.001
593.0 (500.6 635.1)  386.3 (282.3 564.4)
UACR (mg/g) 76.5(57.3 122.9) 508.2 (406.8 681.4)* 163.2 (98.6 198.6) * abe abed 200.815 <0.001
eGFR
[mL/(min-1.73m?)] 85.0 (78.0 92.5) 84.0 (77.0 89.5) 50.0 (45.0 55.0)®®  43.0(39.0 48.0) ¢ 17.0 (14.0 21.0) ¢ 209.056 <0.001

Note: Compared with G1-2A2 group: *P<0.05; Compared with G1-2A3 group, °P<0.05; Compared with G3A2 group, °P<0.05; Compared with G3A3 group, ¢P<0.05

2.2 Correlation Analysis Between Body Composition
Indicators and Renal Function Parameters

Spearman's correlation analysis demonstrated that
MFR was positively correlated with eGFR (P < 0.01) and
negatively correlated with Scr, BUN, and UACR (P <
0.05). SMMI was positively correlated with eGFR (P =
0.020) and negatively correlated with BUN (P = 0.020),
but showed no correlation with Scr and UACR (P > 0.05).
WHR was negatively correlated with eGFR (P < 0.01) and
positively correlated with Scr, BUN, and UACR (P < 0.05).
BMI and FM were negatively correlated with eGFR (P <
0.01) and positively correlated with Scr and BUN (P <
0.01), but had no significant correlation with UACR (P =
0.267). The detailed results are shown in Table 2.

2.3 Multivariate Logistic Regression Analysis of
Factors Associated With Renal Function Impairment

Binary logistic regression analysis was performed
with the occurrence of renal function decline [eGFR < 60
mL/(min-1.73 m?)] as the dependent variable (0 = no, 1 =
yes). ZMFR, age, diabetes duration, standardized WHR
(ZWHR), HbAlc, TG, and LDL-C were included as
independent variables.

The results revealed that after adjusting for
confounding factors including age, diabetes duration, and
TG, elevated ZMFR was an independent protective factor
against renal function impairment (P<0.01). Each
1-standard deviation increase in ZMFR was associated
with an 83.4% reduction in the risk of renal function
impairment in patients. The detailed results are presented in
Table 3.

2.4 Multivariate Logistic Regression Analysis of
Factors Associated With DKD Progression

According to the CGA staging system of the 2022
KDIGO guidelines, patients were divided into a
moderate-risk  group (G1-2A2 group) and a
high-progression-risk group (G1-2A3 group and above).
Multivariate logistic regression models were constructed
with the comprehensive progression risk of DKD as the
dependent variable (0 =moderate risk, 1 = high progression
risk). Indicators directly related to staging definitions, such
as Scr and UACR, were excluded to avoid multicollinearity.
ZMFR, age, diabetes duration, HbAlc, TG, LDL-C, and
ZWHR were incorporated into the models.

The results indicated that elevated ZMFR was

independently associated with a reduced risk of
high-progression DKD (P=0.013). Each 1-standard
deviation increase in ZMFR was associated with a 37.9%
reduction in the risk of high-risk progression in DKD
patients. In addition, diabetes duration, LDL-C, and
ZWHR were independent influencing factors for DKD
progression (P < 0.05). The detailed results are shown in
Table 4.

2.5 Predictive Efficacy of MFR for Renal Function
Decline in DKD Patients

ROC curve analysis was conducted to evaluate the
predictive value of MFR for renal function decline [eGFR
< 60 mL/(min-1.73 m? )] in DKD patients. As shown in
Figure 1, the AUC of MFR for predicting renal function
decline was 0.813 (95% CI: 0.760-0.866, P < 0.01),
indicating that MFR had favorable predictive efficacy. The
optimal cutoff value determined by the Youden index was
0.534, with a corresponding sensitivity of 0.643 and
specificity of 0.891.

Tab.2 Correlation analysis between body composition

indicators and renal function indicators

Indicators MFR SMMI WHR BMI FM
rvalue 0547  0.139  -0.323 -0426 -0.396
eGFR
Pvalue  <0.001  0.020  <0.001 <0.001 <0.001
rvalue  -0.136  -0.082  0.153  0.064 0.067
UACR
Pvalue 0023  0.174 0011 0289 0267
sc rvalue 0341 -0.022 0215 0312 0284
r
Pvalue  <0.001 0711  <0.001 <0.001 <0.001
BUN rvalue 0328 -0.140  0.150  0.214 0238
Pvalue  <0.001  0.020 0012 <0.001 <0.001

Tab.3 Multivariate logistic regression analysis of renal
impairment in DKD patients

Wald 4
Factors B SE OR (95% CI)
x value

Age -0.043 0.015 7.002 0.008 0.958 (0.929-0.987)
Diabetes

0.098 0.030 9.586 0.002 1.103 (1.037-1.174)
duration
HbAlc 0.050 0.082 0.392 0.531 1.051(0.899-1.230)
TG 0.181 0.075 5.859 0.016 0.834 (0.720-0.966)
LDL-C -0.169 0.196 0.743  0.389  1.184 (0.807-1.738)
ZWHR 0310 0.218 2.029 0.154  1.364 (0.890-2.090)
ZMFR -1.798 0.269 44.823 <0.001 0.166 (0.098-0.280)
(Constant) -1.534 2.295 0.447  0.504 -
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Tab.4 Multivariate logistic regression analysis of high-risk DKD
progression based on CGA staging

Factors Wald P
p SE OR (95% CI)
x value
Age 0.002 0.016 0.016 0.892 1.002 (0.971-1.034)

Diabetes duration 0.085 0.036 5.550 0.018 1.089 (1.014-1.168)

HbAlc -0.034 0.084 0.167 0.670 0.966 (0.825-1.131)
TG -0.116 0.075 2.481 0.116 0.890 (0.770-1.029)
LDL-C 0.082 0.257 9.708 0.002 2.229 (1.346-3.691)
ZWHR 0.098 0.251 0.156 0.692 1.099 (1.088-1.768)
ZMFR -0.476 0.312 6.177 0.013  0.621 (0.426-0.904)
(Constant) -0.911 1.313 0.482 0488 -
1.0 1
0.8
=
=
-
= 06
=
a
W04
0.2
A J

0 0.2 04 0.6 0.8 1.0

1-Specitivity
Fig.1 ROC curve of MFR for predicting renal function
decline in patients with DKD
3 Discussion

The development of the MFR indicator aims to
address the limitations of traditional body composition
parameters (such as SMMI and visceral fat area) in
evaluating the dynamic relationship between muscle and
adipose tissue, as well as their sensitivity to edema [5]. By
simultaneously considering muscle mass and fat content,
this ratio reflects the metabolic advantages gained by the
body during muscle gain and fat loss, and is informative
for identifying individuals with normal body weight but
concurrent sarcopenia and excessive visceral fat [12].

It should be emphasized that the imbalance between
muscle and fat mass promotes DKD development through
two mechanisms: on the one hand, sarcopenia induces
inflammatory responses and stimulates renal fibrosis
pathways; on the other hand, excessive fat triggers
lipotoxicity, thereby damaging the structure and function of
podocytes [13]. Thus, MFR not only integrates
comprehensive information on muscle and adipose tissue
but also establishes a critical link between metabolic
disorders and renal damage.

The results of this study demonstrate that elevated
MEFR is an independent protective factor against renal
function impairment and disease progression in DKD

patients, which supports the hypothesis of the
muscle-adipose axis [14]. Previous studies by Heitman et
al. [15] also found that a lower MFR exacerbates renal
damage through nuclear factor- ¥ B-related inflammatory
responses and mitochondrial dysfunction, and the
conclusions of this study are consistent with these findings.

Different from previous research, this study employed
binary logistic regression models. After adjusting for
confounding factors such as age, diabetes duration, and TG,
it was found that each 1-standard deviation increase in
ZMFR was associated with an 83.4% reduction in the risk
of renal function impairment. Further analysis based on the
CGA staging system revealed that even after excluding Scr
and UACR, which are directly related to staging definitions
to avoid circular reasoning, elevated MFR still significantly
reduced the risk of DKD progression to high/very high-risk
stages. This finding suggests that MFR is not only
independently associated with eGFR levels but also has
early warning value for aggravated proteinuria and
comprehensive disease deterioration, thereby expanding
the application scope of this indicator from cardiovascular
risk assessment to renal prognosis evaluation. In addition,
through ROC curve analysis, this study further proposed an
MFR cutoff value for identifying renal function decline,
providing a basis for clinical hierarchical management.

From a practical application perspective, MFR can
play a role in the following three aspects: first, taking MFR
< 0.534 as the warning threshold for renal dysfunction
can facilitate early screening and risk stratification; second,
personalized intervention plans, such as resistance training
and controlled protein intake, can be formulated for
patients with low MFR to restore muscle-adipose balance
and delay DKD progression; third, a dynamic monitoring
and follow-up system can be established by combining
KDIGO staging with MFR values. Intensive management
should be implemented for patients in stages G1-2A2 and
G1-2A3 with MFR below 0.534 to restore muscle-adipose
balance and delay disease progression to stage G3 or
macroalbuminuria.

However, this study has several limitations. (1) As a
single-center cross-sectional study, it is difficult to infer the
causal relationship between MFR and DKD progression,
which needs to be verified by subsequent prospective
studies. (2) The study sample was derived from
hospitalized patients with relatively severe conditions, so
caution should be exercised when extrapolating the
conclusions to community-based DKD populations. More
primary care data should be included in future research. (3)
The BIA method has low measurement accuracy in patients
with severe edema, and cross-validation using dual-energy
X-ray absorptiometry and other methods can be conducted
in the future [16]. Intervention studies based on MFR
stratification are planned to be carried out next to explore
the impact of metabolic modulation on renal prognosis.

In conclusion, elevated MFR is an independent
protective factor against renal function impairment and
CGA staging progression in DKD patients, and its
underlying mechanism may be related to the dysregulation
of the muscle-adipose axis. In the future, long-term
follow-up and intervention trials are needed to integrate
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MFR into individualized DKD management strategies,
which is expected to provide new strategies and evidence
for the individualized precision treatment of DKD.
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Association of muscle-to-fat ratio with renal impairment in type 2 diabetic
nephropathy patients
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Abstract : Objective To investigate the relationship between the muscle-to-fat ratio ( MFR ) and renal function
impairment in patients with type 2 diabetic kidney disease (DKD), and to provide an objective hasis for assessing the risk
of DKD progression. Methods A cross -sectional study was conducted, involving 277 hospitalized DKD patients at
Wuxi People’s Hospital Affiliated to Nanjing Medical University from May 2023 to May 2025. Body composition
indicators, including body mass index (BMI), MFR, and skeletal muscle mass index (SMMI) , were measured using

bioelectrical impedance analysis (BIA). Simultaneously, serum creatinine (Scr) , blood urea nitrogen (BUN) , and
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urinary microalbumin-to-creatinine ratio (UACR) were detected, and the estimated glomerular filtration rate (eGFR)
was calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula. According to the CGA
(cause-eGFR-albuminuria) staging system recommended by the Kidney Disease: Improving Global Outcomes (KDIGO)
2022 guidelines, patients were stratified into risk groups based on combined eGFR and UACR levels: Group G1-2A2
[eGFR=60 mL/(min-1.73 m”) and UACR 30~299 mg/g], Group G1-2A3 [eGFR=60 mL/(min-1.73 m*) and UACR=
300 mg/g], Group G3A2 [eGFR 30~59 mL/(min-1.73 m>) and UACR 30~299 mg/g], Group G3A3 [eGFR 30~59 mlL/
(min-1.73 m*) and UACR=300 mg/g] , and Group G4-5A2-3 [eGFR <30 mL/(min-1.73 m*) and UACR=30 mg/g].
Spearman correlation analysis was used to examine the relationship between body composition indicators and renal
function parameters. Binary logistic regression analysis was applied to identify independent influencing factors for renal
impairment [eGFR<60 mL/(min-1.73 m?) |, and multivariate logistic regression was used to evaluate the predictive
value of MFR for DKD progression risk based on CGA staging. Receiver operating characteristic (ROC) curves were
plotted to assess the predictive efficacy of MFR for renal function decline. Results As renal function worsened (from the
G1-2A2 group to the G4-5A2-3 group) , MFR showed a decline trend (P<0.01). MFR was positively correlated with
eGFR (r=0.547, P<0.01) and negatively correlated with Ser, BUN, and UACR (r=-0.341,-0.328,-0.136, P<0.05).
Multivariate logistic regression analysis indicated that standardized MFR (ZMFR) was an independent protective factor
for renal impairment (OR=0.166, 95%CI: 0.098-0.280, P<0.01) after adjusting for confounding factors. Additionally,
ZMFR was identified as an independent protective factor against the progression to high-risk DKD stages (OR=0.621,
95%CI: 0.426-0.904, P=0.013). ROC analysis revealed that the area under the curve (AUC) for MFR in predicting
renal function decline [eGFR<60 mL/(min + 1.73 m®) | was 0.813 (P<0.01). Conclusion A decrease in MFR is
independently associated with renal function impairment in DKD patients. An increase in MFR is an independent
protective factor for renal impairment and the progression of CGA staging. Monitoring changes in MFR may help identify
high-risk patients early and provide new insights into muscle-fat metabolism interventions for DKD.

Keywords : Muscle-to-fat ratio ; Diabetic kidney disease ; Renal function impairment ; Cross-sectional study ;
Bioelectrical impedance analysis
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R SHEFRELRETRILE [(M(01,0:)]

Tab.1 Comparison of baseline characteristics among different patient groups  [M(Q1, Q) ]
LD G1-2A241(n=53) G1-2A341(n=57)  G3A241(n=49) G3A34 (n=63)  G4-5A2-341(n=55) x/HIF{i P14
BHEL61(%) ] 30(56.60) 32(56.14) 22(44.90) 31(49.21) 29(52.73) 2.040 0.728
AR (S) 53.0(45.5,57.0)  55.0(46.5,63.5)  52.0(44.5,58.5)  44.0(38.0,58.0)" 51.0(45.0,58.0) 11.751  0.019
T (4F) 9.0(6.5,12.0) 11.0(7.5,14.5) 11.0(7.0,14.5) 12.0(7.0,15.0) 16.0(13.0,21.0)"™  48.867 <0.001
HbAlc(%,x+s) 9.05+2.16 8.89+2.09 8.48+2.01 9.55+1.97 9.08+2.12 1.951 0.102
FBG(mmol/L,x+s) 8.76+2.10 8.51£2.62 8.02+2.10° 9.27+2.46" 8.27+2.25" 2449  0.047
TG (mmol/L) 2.39(1.26,4.57)  3.41(1.62,5.23)  2.19(1.16,4.97) 2.24(1.65,4.17) 3.08(2.58,3.86) 5.645 0.227
LDL-C(mmol/L) 2.69(2.28,3.24)  3.10(2.58,3.55)  2.86(2.37,3.42) 3.15(2.60,3.68)" 3.27(2.73,3.75)" 15.984 0.003
B (em) 170(163.0,174.0)  169(164.0,175.0)  166(157.5,175.5)*  163(155.0,171.0)"  169(158.0,173.0)  15.589 0.004
A (kg) 66(56,73) 58(52,64)" 62(53,74) 66(59,71)" 65(60,81)" 39.108 <0.001
BMI(kg/m?) 21.89(19.44,26.39) 20.69(17.94,22.30)* 22.89(19.60,26.27) 24.28(21.85,27.73)* 23.81(22.21,28.63)"  39.108 <0.001
Tl (em) 77.0(72.0,86.5)  87.0(80.5,93.0)*  87.0(80.0,92.5)  86.0(77.0,95.0)" 86.0(75.0,92.0)" 18.425 0.001
B (em) 89.0(86.0,95.0)  94.0(90.0,98.0)°  91.0(87.5,95.5) 92.0(88.0,97.0)" 90.0(85.0,95.0)" 12.895 0.012
WHR 0.87(0.82,0.91)  0.90(0.86,0.99)"  0.92(0.89,1.01)"  0.91(0.85,0.99)"  0.95(0.87,1.00)™  20.297 <0.001
SMM (kg) 26.0(24.4,27.6)  23.2(21.0,27.2)*  21.3(19.8,23.1)"  21.9(20.1,25.1)" 22.0(20.9,23.5)*  52.098 <0.001
SMMI(kg/m’) 8.8(8.4,9.7) 8.2(7.4,9.1) 7.7(7.1,8.7)" 8.3(7.5,9.0) 7.9(7.1,8.6)° 29.447 <0.001
FM(kg) 33.6(24.3,40.3)  27.0(23.0,34.2)*  33.6(27.0,41.3)"  35.9(31.1,39.7)" 36.9(32.4,47.6)*  37.141 <0.001
MFR 0.77(0.64,0.98)  0.88(0.69,1.01)*  0.71(0.50,0.79)*  0.66(0.54,0.71)*  0.61(0.48,0.66)™"  64.019 <0.001
Ser(wmol/L) 83.4(75.5,95.9)  90.0(80.5,102.6)  109.2(89.1,126.9)" 139.1(124.6,153.2)" 197.1(143.1,269.8)™" 166.65 <0.001
BUN(mmol/L) 5.61(4.57,6.95)  5.85(4.86,7.12)  7.79(5.98,9.27)"  8.48(6.86,9.35)"  9.39(7.30,10.91)*"  97.606 <0.001
UACR (mg/g) 76.5(57.3,122.9)  508.2(406.8,681.4)" 163.2(98.6,198.6)" 593.0(500.6,635.1)" 386.3(282.3,564.4)"" 200.815 <0.001
eGFR[mL/(min-1.73m*)]  85.0(78.0,92.5)  84.0(77.0,89.5)  50.0(45.0,55.0)"  43.0(39.0,48.0)"™  17.0(14.0,21.0)*  209.056 <0.001

5 G1-2A2 40 AR ,°P<0.05 5 5 G1-2A3 21 4, "P<0.05; 5 G3A2 41 b4, 'P<0.05; 5 G3A3 2 [ #5¢,'P<0.05,
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Tab.2 Correlation analysis between body composition indicators

and renal function indicators

FabR MFR SMMI WHR BMI FM

eGFR  rff 0.547 0.139 -0323 -0426 -0.396
PfH  <0.001 0.020  <0.001  <0.001  <0.001
UACR rfi -0.136  -0.082 0.153 0.064 0.067
P 0.023 0.174 0.011 0.289 0.267
Ser M -0341  -0.022 0.215 0.312 0.284
P <0.001 0.711  <0.001  <0.001  <0.001
BUN M -0328  -0.140 0.150 0.214 0.238

PfH  <0.001 0.020 0.012 <0.001 <0.001

F3 DKD EH B IIaeZ 1 2 H 2 logistic [H1JH 747
Tab.3 Multivariate logistic regression analysis of renal

impairment in DKD patients

[K % B FRUERE Wald ¥ PIE OR(95%CI)

A -0.043  0.015 7.702 0.006 0.958(0.929~0.987)
St 0.098  0.032 9.586  0.002 1.103(1.037~1.174)
HbAle  0.050  0.080 0.392  0.531 1.051(0.899~1.230)
TG -0.181  0.075 5859  0.016 0.834(0.720~0.966)
LDL-C  0.169  0.196 0.743 0.389 1.184(0.807~1.738)
ZWHR 0310 0218 2029  0.154 1.364(0.890~2.090)
ZMFR  -1.798 0269  44.823  <0.001 0.166(0.098~0.280)
(W) -1.534 2295 0447  0.504

£4 T CCAZM IR DKD 5 G kB IXUS Y 22 1K K logistic
534
Tab.4 Multivariate logistic regression analysis of high-risk
DKD progression based on CGA staging
[E B PR Waldy® P OR(95%CI)
AR 0.002  0.016 0.018 0.892 1.002(0.971~1.034)
e 0.085 0.036 5.550 0.018 1.089(1.014~1.168)

HbAle -0.034  0.080 0.181 0.670 0.966(0.825~1.131)
TG -0.116 0.074 2.467 0.116 0.890(0.770~1.029)
LDL-C 0.802 0.257 9.708 0.002 2.229(1.346~3.691)
ZWHR 1.098 0.281 15220  <0.001 2.998(1.727~5.025)

ZMFR  -0.476 0.192 6.177 0.013 0.621(0.426~0.904)
(Fik)  -0911 1.313 0.482 0.488
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Bl MFR I DKD B B R T A ROC ik
Fig.1 ROC curve of MFR for predicting renal function
decline in patients with DKD
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