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Purpose: The fat-to-muscle mass ratio (FMR) is an innovative metric that integrates fat and muscle constituents. The aim of this 
study was to examine the efficacy of FMR in predicting non-alcoholic fatty liver disease (NAFLD) in individuals with T2DM.
Methods: This cross-sectional study enrolled 307 hospitalized patients aged 50 years and older with T2DM. NAFLD was identified 
during ultrasound examination. Fat mass and muscle mass were quantified using dual-energy X-ray absorptiometry (DXA), with FMR 
calculated as fat mass (kg) divided by muscle mass (kg).
Results: FMR was markedly elevated in the NAFLD patient group compared to the healthy control group (p<0.001). Sex-specific 
analysis demonstrated notable sex differences in the diagnostic efficacy of this indicator for fatty liver: the area under the curve (AUC) 
of the subject’s work characteristics was significantly greater in females compared to males (0.860 vs 0.805), and the optimal threshold 
was also significantly elevated in females relative to males (0.563 vs 0.363). FMR was established as an independent predictor of fatty 
liver through multifactorial regression modeling, revealing a risk ratio of 28.171 (95% CI 7.008–113.248, p<0.001) in males, while the 
risk ratio for females was 3.259 (95% CI 1.221–8.700, p=0.018), indicating higher predictive value in males.
Conclusions: FMR was significantly and independently linked to an increased risk of NAFLD in middle-aged and elderly individuals 
with T2DM, a discovery that underpins the rationale for enhancing targeted interventions and prognostic management for patients with 
diabetes mellitus and fatty liver disease.
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Introduction
Non-alcoholic fatty liver disease (NAFLD), a highly common hepatic condition, impacts more than 30% of the global 
population.1 The frequency of NAFLD is higher in overweight and obese populations (approximately 40–60%), 
especially if metabolic health is impaired,2 and the global prevalence of NAFLD is highest in patients with diabetes 
mellitus (approximately 55–70%).3 Recent reports indicate a reciprocal association between NAFLD and Type 2 diabetes 
mellitus (T2DM).3,4 T2DM significantly elevates the risk of mortality from end-stage liver disease by 5–14 times due to 
the combined impacts of metabolic disorders and chronic inflammation, and it also directly facilitates the irreversible 
progression of hepatic fibrosis to cirrhosis.5 NAFLD adversely influences the incidence of T2DM and its related 
complications. In a meta-analysis involving 501,022 adults, NAFLD was linked to a two-fold higher risk of type 2 
diabetes after controlling for age, sex, obesity metrics, and other traditional metabolic risk variables.6 Therefore, an early- 
identified NAFLD population, especially in patients with T2DM, is essential to postpone the onset of fatty liver and liver- 
related progression.
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In adults over 60 with T2DM, obesity is not only widespread but also functions as an independent contributor to 
disease development.7 A primary attribute of NAFLD and a contributing cause to its onset is obesity.8 Sarcopenia has 
garnered a lot of attention lately, not just in those with T2DM, but also because it is strongly linked to the occurrence and 
advancement of NAFLD.9 Furthermore, sarcopenic obesity, which is defined as a rise in fat mass and a fall in muscle 
mass, may raise the risk of insulin resistance (IR). Decreased muscle mass and increased fat mass cause anomalies in 
glucose oxidation and lipid consumption, which exacerbate IR and mediate the emergence and advancement of 
NAFLD.10 However, the complex changes in body composition in the T2DM population are challenging for two 
indicators—skeletal muscle mass and body fat—to properly capture. Combining the two anthropometric measurements, 
the fat-to-muscle ratio (FMR) has become a cutting-edge substitute for evaluating fat and muscle imbalances.11

In recent years, FMR as an indicator of body composition reflecting the relative proportion of fat to muscle, has been 
increasingly utilized in the risk assessment of metabolic diseases. Research indicates that FMR is significantly linked to 
metabolic abnormalities, metabolic syndrome, and insulin resistance in individuals with T2DM,12,13 and has been shown 
to be an independent predictor of NAFLD.14 However, existing research has primarily focused on the general population 
or individuals with isolated metabolic abnormalities, while systematic investigations into the relationship between FMR 
and NAFLD in middle-aged and elderly individuals with T2DM—a high-risk group—remain limited. Therefore, the 
present study aims to elucidate the association between FMR and NAFLD in middle-aged and elderly patients with 
T2DM and to determine sex-specific cutoff values to enhance early identification of NAFLD. Moreover, existing studies 
have suggested that improvements in body composition are associated with the resolution of hepatic steatosis, and FMR 
may guide clinical interventions.15

Research Design and Methods
Research Participants: This cross-sectional observational study included 307 patients aged 50 years or older with T2DM, 
all of whom were diagnosed and treated at the Department of Endocrinology at the Second People’s Hospital of Hefei 
City between December 2023 and October 2024.

Inclusion and Exclusion Criteria
Inclusion criteria: (1) Adherence to the 1999 World Health Organization (WHO) diagnostic guidelines for diabetes 
mellitus, (2) age ≥50 years, (3) refinement of body composition measurements.

Exclusion criteria: (1) severe heart, brain, and kidney disease and acute complications of diabetes (2) exclusion of 
chronic medical history such as hyperthyroidism or history of adrenal disease (3) medications that may affect the 
metabolism of bones or soft tissues, such as anti-osteoporosis medications or medications to control body weight; and (4) 
exclusion of liver damage due to problems such as large amounts of alcohol, viral infections, medication damage, and 
autoimmunity.

Anthropometric and Biochemical Indicators
A trained physician physically examined each participant, measuring their waist circumference, height, and weight. Body 
mass index (BMI) was determined using the formula: BMI = weight (kg) / height² (m²). Measurements were taken by 
a licensed and trained technician using a whole-body DXA. Data from the DXA includes values for body fat and muscle 
mass for the entire body and extremities. The FMR was calculated as body fat (kg) divided by muscle mass (kg).

A nurse from the Department of Endocrinology collected venous blood samples from the patients the following 
morning, after a fasting period of at least 8 hours. Laboratory analyses encompassed quantitative assessments across 
three physiological domains: (1) glycemic regulation markers including fasting plasma glucose, hemoglobin A1c levels, 
fasting serum insulin concentrations, and basal C-peptide measurements; (2) hepatic function parameters represented by 
serum transaminase activities (ALT and AST); (3) lipid metabolic profiles comprising triglyceride levels, total cholesterol 
concentration, along with lipoprotein subfractions (HDL and LDL cholesterol). The homeostasis model assessment 
(HOMA) formula is utilized to determine the insulin resistance (IR) index (HOMA2-IR): HOMA2-IR = fasting insulin 
(µIU/mL) × fasting blood glucose (mmol/L)/22.5. Experienced ophthalmologists and electromyographers conducted 
fundus examinations and electromyography at our hospital.

https://doi.org/10.2147/DMSO.S526335                                                                                                                                                                                                                                                                                                                                                                                                                                  Diabetes, Metabolic Syndrome and Obesity 2025:18 2068

Zhang et al                                                                                                                                                                           

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



Definition of NAFLD
The diagnostic criteria for NAFLD include: (1) enhanced diffuse echoes of the liver in the near field, characterized as 
a “bright liver”, which are stronger than renal echoes; (2) unclear ductal morphology and structures within the liver; and 
(3) a tendency for echoes in the liver to diminish in the far field. The diagnosis is established when two of the specified 
criteria are fulfilled.

Statistical Analysis
Based on the normality test results, continuous baseline characteristics were shown as mean ± standard deviation or 
median (interquartile range). Categorical variables, on the other hand, were shown as absolute counts and percentages. 
Differences between groups for normally distributed data were assessed using Student’s t-test, while the Mann–Whitney 
U-test was utilized for non-normally distributed data. We employed the chi-square test to analyze categorical data. 
Receiver operating characteristic (ROC) curves were generated to assess the ability of FMR to identify NAFLD, 
considering the gender differences between men and women. We then used the Youden index maximization principle 
to find the best FMR threshold. After that, we put the patients into groups based on the FMR thresholds and compared the 
biochemical and anthropometric parameters within each group. We conducted a Spearman correlation analysis to 
examine the relationships between FMR and various other variables. We used logistic regression modeling to look 
into the significant links between FMR (based on threshold division) and NAFLD after taking into account confounding 
variables such as age, diabetes history, BMI, waist circumference, HbA1c, HOMA2-IR, ALT, AST, high blood pressure, 
high cholesterol, and cardiovascular disease (CVD). The risk associated with the presence of NAFLD was evaluated 
using the odds ratio (OR) and its corresponding 95% confidence interval (CI). Statistical analyses were conducted using 
SPSS software version 25.0 (IBM Corporation, Armonk, NY, USA). Bar graphs were generated using GraphPad Prism 
V8.0 software (San Diego, CA, USA). Statistical significance was established at a p-value threshold of less than 0.05.

Results
The study included 307 patients with T2DM aged over 50 years, comprising 47.6% (n = 146) men and 52.4% (n = 161) 
women. Table 1 presents the features of participants categorized by fatty liver status. Patients with NAFLD exhibited 
a higher likelihood of dyslipidemia and hypertension compared to those without NAFLD, although the prevalence of 
cardiovascular disease did not differ significantly between the two groups. Patients with NAFLD exhibited increased 

Table 1 Baseline Characteristics of Patients with Type 2 Diabetes with or 
Without NAFLD

Variables NO-NAFLD (n=160) NAFLD (n=147) P value

Age (years) 64.5(59.0,72.0) 63.0(58.0,71.0) 0.131
Male (n, %) 86(53.8) 60(41.1) 0.023

Diabetes duration (years) 10.0(5.0,15.8) 9.0(4.0,13.0) 0.190

BMI (kg/m2) 22.55(20.81,23.90) 25.00(23.40,26.91) <0.001
BFP (%) 28.85±5.91 35.49±5.59 <0.001

WC (cm) 83.76±7.84 91.56±6.98 <0.001

Fat Mass (Kg) 16.60(13.93,19.13) 22.17(19.73,25.95) <0.001
Muscle Mass (kg) 40.10(34.06,47.06) 40.37(36.95,45.68) 0.276

FMR 0.42±0.12 0.56±0.13 <0.001

FCP (mmol/L) 1.33(0.83,1.86) 1.75(1.19,2.61) <0.001
FINS (uIU/mL) 30.52(14.94,54.64) 55.12(23.84,76.56) <0.001

HbA1c (%) 8.10(6.63,9.88) 8.70(7.70,10.10) 0.018

FBG (mmol/L) 6.36(5.46,8.05) 7.60(6.44,9.26) <0.001
HOMA2-IR 9.04(4.91,16.98) 17.19(7.63,27.18) <0.001

ALT (U/L) 14.85(11.00,20.93) 18.00(13.00,29.50) <0.001

(Continued)
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lipid accumulation, characterized by elevated BMI, PBF, WC, TC, TG, and FBG, and decreased HDL-C levels. Patients 
with NAFLD exhibit elevated ALT and AST levels, suggesting a degree of liver function impairment. The FMR of 
NAFLD patients was significantly elevated compared to that of non-NAFLD patients (p < 0.001).

Figure 1 illustrates this point. FMR was markedly elevated in NAFLD compared to non-NAFLD in both sexes 
(0.445 ± 0.083 vs 0.344 ± 0.082, p < 0.001 for men; 0.646 ± 0.097 vs 0.500 ± 0.091, p < 0.001 for women).

Figure 2 presents the ROC curves for FMR in identifying NAFLD in T2DM, categorized by gender. The optimal 
cutoff point for FMR, determined by the maximum Yordon index, was greater in females than in males (0.563 vs 0.363). 
The AUC was 0.860 for women (sensitivity 81.6%, specificity 73.0%) and 0.805 for men (sensitivity 91.7%, specificity 
64.0%), with both results being statistically significant (p < 0.001).

The patient population was categorized into high and low FMR groups based on the identified FMR cutoff values. 
Table 2 provides an overview of the fundamental characteristics of T2DM patients categorized according to sex-specific 

Figure 1 Comparison of fat-to-muscle ratio in T2DM patients with and without NAFLD. The symbol “***” represents “statistically significant difference (p < 0.001)”.

Table 1 (Continued). 

Variables NO-NAFLD (n=160) NAFLD (n=147) P value

AST (U/L) 17.05(14.00,21.00) 18.00(14.00,25.00) 0.128

TG (mmol/L) 1.01(0.74,1.46) 1.52(1.12,2.11) <0.001
TC (mmol/L) 4.22(3.34,5.08) 4.43(3.74,5.16) 0.086

HDL-C (mmol/L) 1.34(1.11,1.58) 1.27(1.09,1.42) 0.026

LDL-C (mmol/L) 2.37±1.11 2.51±0.88 0.228
SBP (mmHg) 128.0(116.0,142.5) 134.0(121.0,148.0) 0.026

DBP (mmHg) 77.34±10.32 80.66±10.45 0.006

DPN (n, %) 155(96.9) 136(92.5) 0.086
DR (n, %) 53(33.1) 32(21.8) 0.026

DN (n, %) 29(18.1) 30(20.4) 0.612

Hypertension (n, %) 87(54.4) 91(61.9) 0.182
Dyslipidemia (n, %) 32(20.0) 53(36.1) 0.002

CVD (n, %) 119(74.4) 106(72.1) 0.654

Abbreviations: BFP, body fat percentage; BMI, body mass index; WC, waist circumference; HbA1c, 
glycosylated hemoglobin; FCP, fasting C peptide; FINS, Fasting serum insulin; FBG, fasting blood 
glucose; HOMA2-IR, homeostasis model assessment 2-insulin resistance;ALT, alanine transaminase; 
AST, aspartate aminotransferase TG, triglycerides; TC, total cholesterol; HDL, high-density lipopro
tein; LDL, low-density lipoprotein; SBP: systolic blood pressure; DBP: diastolic blood pressure; DR, 
diabetes retinopathy; DN, diabetes nephropathy; DPN, diabetic peripheral neuropathy; CVD, cardio
vascular disease.
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FMR thresholds. Significant differences were observed in anthropometric parameters, ALT, TG, HDL-C, and HOMA2- 
IR (all p < 0.05). In contrast, no significant differences were observed in age, gender, muscle mass, AST, TC, and LDL-C 
(all p > 0.05). A comparative analysis of study participants revealed markedly distinct patterns in hepatic steatosis 

Figure 2 Fat-to-muscle ratio predicts ROC curves for NAFLD in men and women.

Table 2 Baseline Characteristics of Sex-Specific Thresholds 
According to Adipomuscular Ratio

Low-FMR Group 
(n=130)

High-FMR Group 
(n=177)

P value

Age (years) 62.0(58.0,71.0) 64.0(59.0,71.0) 0.427
Male (n, %) 60(46.2) 86(48.6) 0.673

BMI (Kg/m2) 22.1(20.6,23.7) 24.7(23.1,26.7) <0.001

PBF (%) 27.68±5.68 35.23±5.35 <0.001
WC (cm) 82.41±7.24 91.22±7.14 <0.001

Fat Mass (Kg) 15.73(13.20,17.69) 21.78(19.73,25.54) <0.001
Muscle Mass (Kg) 39.21(34.05,46.68) 41.52(36.76,46.68) 0.054

ALT (U/L) 14.0(11.0,20.0) 18.0(13.0,27.0) <0.001

AST (U/L) 17.0(14.0,21.0) 18.5(14.0,24.2) 0.178
TG (mmol/L) 1.02(0.71,1.46) 1.38(1.02,1.95) <0.001

TC (mmol/L) 4.33(3.39,5.18) 4.32(3.66,5.08) 0.903

HDL-C (mmol/L) 1.36(1.19,1.60) 1.25(1.09,1.42) 0.001
LDL-C (mmol/L) 2.38±1.06 2.48±0.97 0.379

HOMA2-IR 8.56(4.47,16.85) 15.09(6.71,25.67) <0.001

Hypertension 
(n, %)

69 (53.1) 109(61.6) 0.136

Dyslipidemia 

(n, %)

29(22.3) 56(31.6) 0.071

CVD (n, %) 93(71.5) 132(74.6) 0.552

NAFLD (n, %) 21 (16.2) 126 (71.2) <0.001

Notes: Thresholds for fat-to-muscle ratios were derived from ROC analyses, where FMR 
> 0.363 for men or > 0.563 for women were categorized as high FMR. 
Abbreviations: BFP, body fat percentage; BMI, body mass index;WC, waist circumfer
ence;HbA1c, glycosylated hemoglobin; HOMA2-IR, homeostasis model assessment 
2-insulin resistance;ALT, alanine transaminase; AST, aspartate aminotransferase TG, trigly
cerides; TC, total cholesterol; HDL-C, High density lipoprotein cholesterol; LDL, low- 
density lipoprotein cholesterol; CVD, cardiovascular disease; NAFLD, Non-alcoholic fatty 
liver disease.
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incidence between different fat-to-muscle ratio cohorts. Among subjects demonstrating elevated FMR values, the 
occurrence rate of non-alcoholic fatty liver disease reached 71.2% - nearly fourfold higher than the 16.2% prevalence 
observed in the low FMR population group. Statistical analysis confirmed this substantial disparity between cohorts 
(p<0.001). The prevalence of hypertension, dyslipidemia, and cardiovascular disease did not exhibit significant differ
ences in the high FMR group (p > 0.05).

Analysis of metabolic parameters by Spearman’s rank correlation test revealed that FMR showed significant positive 
associations with a number of metabolic indices (p < 0.05). Specifically, variables such as waist size, BMI, TG, and 
HOMA2-IR showed a strong correlation with FMR. A negative correlation between FMR and HDL-C was observed 
exclusively in women (r = −0.265, p = 0.001). Furthermore, FMR and HbA1c were not assessed in relation to the 
duration of diabetes for both men and women (Table 3).

Table 4 presents the correlation between FMR, determined by cut-off value, and NAFLD in patients with T2DM. In 
logistic regression analysis, with the low FMR group serving as the reference, the high FMR group was found to have 
a relative risk for NAFLD of 19.516 (95% CI 7.067–53.897, p < 0.001) in men and 11.981 (95% CI 5.679–25.278, p < 
0.001) in women. After adjusting for potential confounders such as age, duration of diabetes, waist circumference, BMI, 
HbA1c, HOMA2-IR, ALT, and AST, FMR continued to show a significant association with NAFLD. The relative risk of 
NAFLD was 28.171 (95% CI 7.008–113.248, p < 0.001) for males and 3.259 (95% CI 1.221–8.700, p = 0.018) in model 
3 (Table 4).

Table 3 Correlation Analysis of Fat Mass Ratio with 
Other Variables

Variables Male Female

r P value r P value

Age 0.158 0.057 0.043 0.585

Diabetes duration −0.151 0.069 0.005 0.952

HbA1c 0.017 0.838 0.139 0.079
BMI 0.442 <0.001 0.704 <0.001

WC 0.579 <0.001 0.660 <0.001

TG 0.362 <0.001 0.223 0.004
TC 0.115 0.168 −0.043 0.585

HDL-C −0.123 0.140 −0.265 0.001

LDL-C 0.160 0.053 0.029 0.712
HOMA2-IR 0.311 <0.001 0.311 <0.001

Abbreviations: HbA1c, glycosylated hemoglobin; BMI, body mass index; 
WC, waist circumference; TG, triglycerides; TC, total cholesterol; HDL, 
high-density lipoprotein; LDL, low-density lipoprotein; HOMA2-IR, home
ostasis model assessment 2-insulin resistance.

Table 4 Association Between Fat to Weight Ratio (by Critical Level) and 
NAFLD Analyzed by Logistic Regression by Gender

Male Female

OR (95% CI) P OR (95% CI) P

Model 1 19.516(7.067–53.897) <0.001 11.981(5.679–25.278) <0.001
Model 2 20.099(5.891–68.575) <0.001 3.407(1.366–8.500) 0.009

Model 3 28.171(7.008–113.248) <0.001 3.259(1.221–8.700) 0.018

Notes: Data are presented as odds ratios (95% confidence interval). Model 1: unadjusted. 
Model 2: adjustment for age, Diabetes duration, BMI and waist circumference. Model 3:Model 
2+ adjustment for HbA1c, HOMA2-IR, ALT, AST, Hypertension, Dyslipidemia and CVD.
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Discussion
In the present study, the fat-to-muscle ratio (FMR) was significantly higher in the NAFLD group compared to the non- 
NAFLD group among patients with type 2 diabetes mellitus (T2DM). After adjusting for potential confounding factors, 
FMR remained independently and positively associated with the presence of NAFLD. Notably, males in the high FMR 
group had a 28.2-fold higher risk of NAFLD compared to those in the low FMR group, while the corresponding risk in 
females was 3.3-fold. To the best of our knowledge, this is the first study to investigate the association between FMR and 
NAFLD specifically in middle-aged and elderly patients with T2DM. The results are consistent with previous studies, 
indicating that the coexistence of high fat mass and low skeletal muscle mass is positively associated with the 
development of NAFLD.16,17 This phenomenon has been consistently observed across various Chinese populations. 
For instance, a study in Chinese patients with T2DM reported that low muscle mass combined with high visceral 
adiposity was closely linked to a higher prevalence of lean NAFLD.18 Furthermore, another study involving middle-aged 
and elderly Chinese individuals identified FMR as an independent risk factor for NAFLD.14 In addition, Guo et al 
concluded that individuals with higher muscle mass and lower fat levels were associated with a reduced risk of 
NAFLD.19 Several mechanisms may explain the combined impact of increased fat mass and reduced muscle mass on 
the risk of NAFLD. Skeletal muscle is a primary target tissue for glucose metabolism, accounting for approximately 70% 
of insulin-mediated glucose uptake.20 A decline in muscle mass can markedly reduce insulin sensitivity, leading to IR,21 

and in our study, FMR was positively correlated with HOMA2-IR. In the context of IR, hepatic uptake of free fatty acids 
(FFA) increases, gluconeogenesis is enhanced, and hepatic lipid accumulation is aggravated. Moreover, excessive 
expansion of visceral adipose tissue results in the release of large quantities of FFA, which are transported to the liver 
via the portal vein, contributing to lipotoxicity. Dysfunctional adipose tissue further impairs FFA reutilization, thereby 
promoting NAFLD progression.22 Meanwhile, reduced muscle mass combined with increased adipose tissue is often 
accompanied by an imbalance in inflammatory regulation,23 characterized by the upregulation of pro-inflammatory 
cytokines such as TNF-α and IL-6. This inflammatory milieu can activate Kupffer cells, thereby promoting the 
progression of NAFLD toward a more inflammatory phenotype.24 Therefore, FMR may be linked to NAFLD in patients 
with T2DM through mechanisms involving insulin resistance, dysregulated lipid metabolism, and chronic inflammation.

T2DM is often accompanied by increased fat accumulation and reduced muscle mass, a phenotype commonly 
referred to as sarcopenic obesity.25,26 As an integrated indicator reflecting the relative proportion of adipose tissue and 
skeletal muscle, FMR has been shown to partially reflect metabolic alterations in body composition. A previous study 
based on a general hospitalized population identified FMR cutoff values for detecting NAFLD as 0.3244 in males and 
0.5583 in females.14 In contrast, our study found higher FMR thresholds for identifying NAFLD in patients with T2DM 
—0.363 in males and 0.563 in females—suggesting more pronounced body composition abnormalities under diabetic 
conditions. This finding is consistent with previous reports indicating significant differences in body composition 
between diabetic and non-diabetic populations.27,28 Moreover, obesity is considered a major risk factor for the develop
ment of NAFLD.29 Our study further demonstrated that FMR is positively correlated with both body mass index (BMI) 
and waist circumference (WC) in T2DM patients. However, BMI is limited in its ability to accurately reflect visceral fat 
accumulation,30 and WC is subject to variability and lower reproducibility.31 Therefore, this study employed FMR as 
a more reliable index for body composition assessment to investigate its potential impact on NAFLD.

In the present study, the prevalence of NAFLD among female patients with T2DM) was 59.1%, notably higher than 
the 40.8% observed in male patients. Moreover, female patients with NAFLD exhibited significantly higher FMR levels 
compared to their male counterparts. While it is generally believed that NAFLD prevalence is higher in men than in 
premenopausal women, this sex difference tends to diminish or disappear after menopause.32,33 Given that the study 
population consisted of middle-aged and elderly individuals, the majority of female participants were likely postmeno
pausal, which may account for the discrepancy from previously reported findings. Sex-related differences in fat 
distribution are a key factor influencing the association between FMR and NAFLD. Men are more prone to accumulating 
visceral fat, whereas women predominantly store subcutaneous fat.34,35 Visceral adipose tissue is metabolically active 
and releases a greater amount of free fatty acids (FFAs) into the portal circulation, thereby inducing insulin resistance and 
exacerbating hepatic lipid accumulation.36,37 In addition, estrogen exerts a protective effect on the liver by improving 
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insulin sensitivity through the activation of estrogen receptor alpha (ERα) in insulin-responsive tissues.38 Post- 
menopause, the reduction in estrogen levels facilitates the migration of adipose tissue to the visceral area, heightening 
insulin resistance and vulnerability to NAFLD.39

This study demonstrates that FMR is not only an effective indicator for assessing the risk of NAFLD, but also 
provides a basis for individualized management strategies. Individuals with elevated FMR, typically characterized by 
predominant fat accumulation, may benefit from energy intake restriction and increased aerobic exercise to reduce fat 
mass. In contrast, those with low FMR accompanied by reduced muscle mass require interventions focused on resistance 
training, protein supplementation, and nutritional support to enhance muscle quality.40 FMR-based stratified interventions 
may help improve metabolic profiles and slow the progression of NAFLD, highlighting the potential clinical utility of 
FMR in the management of T2DM patients with concurrent NAFLD.

Despite the above findings, several limitations of our study should be acknowledged. First, due to its cross-sectional 
design, causal relationships between FMR and NAFLD cannot be established. Prospective cohort studies are warranted to 
validate our results. Second, the subjects of this study are single-center middle-aged and elderly hospitalized patients 
with T2DM, which may represent patients with more severe metabolic disorders, and the applicability of the results to 
a wider range or different populations needs to be carefully extrapolated. Third, NAFLD was diagnosed using abdominal 
ultrasonography, which, although highly specific, has limited sensitivity for detecting mild steatosis and does not provide 
information on the degree of hepatic fibrosis,41 potentially introducing misclassification bias. Fourth, this study did not 
further explore the association between FMR and different stages of NAFLD (eg NASH, hepatic fibrosis) due to data 
limitations, preventing more detailed analysis. Additionally, potential confounding factors such as genetic predisposition 
and gut microbiota were not included, constrained by the current study design and data availability. Finally, the relatively 
small sample size may have introduced unavoidable bias. These limitations should be addressed in future research.

Conclusion
In this cross-sectional study, high FMR was significantly associated with the risk of combined NAFLD in middle-aged 
and elderly T2DM patients, suggesting FMR may be a potential indicator of metabolic imbalance. If further validated, 
FMR is expected to be used for risk stratification and to provide a reference for individualized lifestyle interventions for 
people at high risk of T2DM combined with NAFLD.
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