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Objective: To analyze the relationship between leg skeletal muscle mass index (LSMI) and non-alcoholic fatty liver disease
(NAFLD) in patients with type 2 diabetes mellitus (T2DM) and the ability of LSMI to predict NAFLD.

Methods: Two hundred patients with T2DM and NAFLD treated at Changzhou Second People’s Hospital Affiliated with Nanjing
Medical University and the National Metabolic Management Center from June 2022 to June 2023 were divided into four LSMI quartiles.
The clinical information from the four patient groups was compared, and the relationship between type 2 diabetes and LSMI and NAFLD
was examined. We used receiver operating characteristic curves to determine how well the LSMI predicts NAFLD in T2DM.
Results: The lowest quartile (Q1) had a higher prevalence of NAFLD than group Q4 (P < 0.05). LSMI was negatively associated with
body mass index, LS, CAP, and other markers (P < 0.05). Receiver operating characteristic curve analysis LSMI predicted NAFLD
with an ideal critical value of 0.64 and an area under the curve of 70.9%. The combined predictive value of the LSMI and the
appendicular skeletal muscle mass index was more significant.

Conclusion: Reduced LSMI is associated with NAFLD.
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Introduction
The excessive buildup of triglycerides in the liver that does not result from heavy alcohol consumption or other underlying
conditions is known as non-alcoholic fatty liver disease (NAFLD) and can develop non-alcoholic steatohepatitis, liver
fibrosis, cirrhosis, poor liver function, and ultimately hepatocellular cancer." Patients with NAFLD have an increased risk of
death as well as a twofold increased risk of acquiring type 2 diabetes mellitus (T2DM) compared to non-NAFLD patient.*
Around 25% of the world’s population has NAFLD; this proportion is increasing quickly due to a rise in the prevalence of
metabolic syndrome, obesity, T2DM, and other conditions. NAFLD prevalence in China is 29.2%, making it a significant
public health concern.* The causes of NAFLD are not fully understood but are strongly linked to metabolic diseases like
metabolic syndrome. T2DM is a separate risk factor for NAFLD development and progression.™

T2DM is characterized by high blood sugar, dysfunctional pancreatic islet cells, and insulin resistance. The major
pathophysiological mechanism of NAFLD is insulin resistance, and there are reciprocal connections between T2DM,
NAFLD, and IR”- The main organ regulating glucose homeostasis is skeletal muscle. NAFLD is independently associated
with loss of muscle mass, one of the primary consequences of T2DM,® which raises the risk of NAFLD 1.5-fold.” The
loss of lower limb muscle mass and function increases the risk of dying from all causes by 84% within ten years.'’
However, there are few investigations on the relationship between NAFLD and decreased leg skeletal muscle mass in
type 2 diabetic patients.
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Therefore, the goal of the present study was to analyze skeletal muscle distribution characteristics of patients with
T2DM with NAFLD, the correlation between the leg skeletal muscle mass index (LSMI) and NAFLD in T2DM patients,
and the ability of LSMI to predict NAFLD.

Methods

Research Objects

Two hundred T2DM patients (122 men and 78 women) were treated between June 2022 and June 2023 at the National
Metabolic Management Center (MMC) and the Department of Endocrinology and Metabolism at Changzhou Second
People’s Hospital Affiliated to Nanjing Medical University. All met the diagnostic criteria of the 2020 China Diabetes
Prevention and Treatment Guidelines, with an average age of 53.194+10.20 years. Exclusion criteria were (1) serum
indicators for the hepatitis B virus, (2) Hepatitis C virus infection, cirrhosis, or hepatocellular cancer have a history, (3)
weekly alcohol consumption for men and women >140 g and >70 g, respectively. All research participants provided
written informed consent, and the hospital ethics committee evaluated and approved the study.

Research methods

Collection of General Information

Including the patient’s age, gender, height, weight, body mass index (BMI), systolic blood pressure(SBP), diastolic blood
pressure(DBP), and duration of diabetes, etc. Before taking hypoglycemic medications, fasting blood samples and
morning urine samples were taken from all patients who had fasted for longer than eight hours. These samples were
used to measure several blood and urine biomarkers, including fasting blood glucose (FBG), insulin 0 minutes (0’INS),
glycosylated hemoglobin (HbAlc), alanine aminotransferase (ALT), aspartate aminotransferase (AST), y- glutamyl
transpeptidase (y- GT), serum uric acid (UA), serum high-density lipoprotein (HDL-C), serum low-density lipoprotein
(LDL-C), urine microalbumin/creatinine ratio (UA/CR), etc.

HOMA — IR =(FINS x FPG)/22.5.

Analysis of Body Composition

A bioelectrical impedance analyzer, the Inbody520 body composition tester (Biospace, South Korea), was used to measure the
appendicular skeletal muscle mass (ASM), leg skeletal muscle mass (LSM), and body fat percentage (BFP). The same technician
performed on each subject. LSMI = LSM/BMI, and ASMI= ASM/BML"" From low to high, the LSMI was divided into
quartiles: Q1 group (LSMI<0.50), Q2 group (0.50<LSMI<0.60), Q3 group (0.60<LSMI<0.70), and Q4 group (LSMI>0.70).

Diagnosis of NAFLD

We measured these variables using a FibroTouch (Wuxi Heiskell Company, model: Pro 3800X). To measure the liver
stiffness measurement (LS) (in units of kPa) and controlled attenuation parameter (CAP) (in units of dB/m), the patient
must lie down when fasting. The probe must then be placed on the right intercostal space. We used an LSM > 9.7 kPa to
identify liver fibrosis and CAP > 240 dB/m to identify liver steatosis.

Measuring Visceral Fat Area and Abdominal Subcutaneous Fat Area
The visceral fat area (VFA) and abdominal subcutaneous fat area (ASFA) were measured using Omron HDS-2000
equipment. Visceral obesity is defined as VFA >100 cm?.

Statistical Analysis

SPSS 26.0 software was used for statistical analysis. One-way analysis of variance was used to compare normally
distributed measurement data, which were reported as mean standard deviation (¥ = s). The Kruskal-Wallis H-test was
used to compare non-normally distributed measurement data, expressed as the median (lower quartile, higher quartile)
M(P5s, P75). The chi-square test was used to compare count data expressed as composition ratio or rate (%). Determine
the incidence rate for various NAFLD groups. Receiver operating characteristic (ROC) curves were used to determine the
diagnostic value of LSMI for NAFLD and the ideal diagnostic cutoff value using the maximal Youden index. Spearman
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correlation analysis was used to determine correlations between LSMI and NAFLD. Linear regression analysis was used
to identify factors influencing NAFLD. Differences where P < 0.05 were regarded as statistically significant.

Results
Baseline Characteristics of NAFLD and Non-NAFLD Patients Among Patients with

T2DM

Two hundred T2DM patients were enrolled, of whom 160 were in the NAFLD group, and 40 were in the non-NAFLD
group. The NAFLD group had lower LSMI and ASMI, higher BMI, BFP, VFA, more severe insulin resistance, and
higher levels of CAP, LS, ALT, and AST than the non-NAFLD group. The differences between the groups were
statistically significant (P < 0.05) for weight, BMI, BFP, ASMI, LSMI, VFA, ASFA, duration of diabetes, 0’INS,
HOMA-IR, ALT, AST, y-GT, UA, TG, HDL-c, UA/CR, LS, and CAP. We shall then do group statistics using LSMI
quartiles (Table 1).

Table | Baseline Characteristics of NALFD and Non-NAFLD

NAFLD Non-NAFLD P
n(Male/Female) 160(96/64) 40(26/14)
Age(years) 52.61(50.94,54.27) 55.50(53.03,57.97) 0.098
Weight(kg) 71.43£12.53 58.137.46 <0.001
High(cm) 164.63(162.12,167.13) 164.58(162.28,166.87) 0.698
BMI(kg/m?) 25.82+3.32 20.87+2.01 <0.001
BFP(%) 30.17(28.13,31.22) 20.37(18.37,22.37) <0.001
ASMI 1.07(1.04,1.11) 1.22(1.16,1.28) <0.001
LSMI 0.58(0.56,0.60) 0.68(0.64,0.72) <0.001
SBP(mmHg) 129.06(126.41,131.70) 130.63(1123.46,137.79) 0.886
DBP(mmHg) 78.30(76.64,79.96) 78.25(74.42,82.08) 0.779
VFA(cm?) 108.09(102.03, 1 14.15) 63.69(54.47,72.92) <0.001
ASFA(cm?) 201.56+59.48 124.18427.53 <0.001
Duration of diabetes(months) 83.60(71.28,95.92) 121.88(95.855,147.90) 0.004
FBG(mmol/L) 8.36(7.86,8.86) 8.01(6.56,9.47) 0.085
O'INS(uU/mL) 8.23+7.83 430£3.93 0.022
HOMA-IR 2.88(2.21,3.56) 1.48(0.86,2.09) 0.047
HbA (%) 9.22(8.90,9.55) 9.80(8.95,10.67) 0.301
ALT(U/L) 27.85£23.49 12.45+5.85 <0.001
AST(UIL) 23.12+17.08 14.56+5.08 0.002
y-GT(U/L) 41.78+45.07 18.80+9.62 0.002
UA(umol/l) 323.04(308.53,337.54) 292.73(263.41,322.04) 0015
TG(umol/l) 3.36(3.05,3.68) 3.41(1.82,4.99) 0.050
TC(umolll) 3.79(3.39,4.19) 3.38(2.59,4.17) 0.104
HDL-c(umol/l) 0.95+0.21 1.13+0.33 <0.001
LDL-c(umol/l) 2.85(2.70,2.99) 2.62(2.39,2.86) 0.287
UA/CR(mglg) 25.63(23.77,47.50) 39.78(18.13,61.44) 0.043
RbaPWV 1561.55(1515.03,1608.06) | 1607.21(1484.78,1729.64) |  0.520
LbaPWV 1559.78(1511.94,1607.63) | 1617.15(1488.48,1745.81) | 0.387
LSM(Kpa) 7.79(6.61,8.98) 5.53(5.02,6.03) <0.001
CAP(dB/m) 286.56(282.46,290.66) 220.62(217.19,224.05) <0.001

Notes: Continuous values consistent with normal distribution are shown as mean * standard deviation. Categorical
values are shown as frequency.

Abbreviations: BMI, body mass index; BFP, Body fat percentage; SBP, Systolic blood pressure; DBP, Diastolic blood
pressure; CFA, visceral fat area; ASFA, Abdominal subcutaneous fat area; FBG, glucose 0 minutes; O’INS, insulin 0
minutes; HbAlc, glycosylated hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; y- GT, y-
Glutamyl transpeptidase; UA, serum uric acid; HDL-C, serum high-density lipoprotein; LDL-C, serum low-density
lipoprotein; UA/CR, urine microalbumin/creatinine ratio; LS, liver stiffness measurement; CAP, controlled attenuation
parameter.
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Comeparison of General Information and Biochemical Indicators Among Each LSMI
Quartile Group

The patients were separated into quartiles, with 51 patients in Q1, 50 in Q2, 51 in Q3, and 48 in Q4. The CAP and liver
stiffness measurement become more problematic as LSM decreases. The Q1 group differed from the Q4 group in that it
had lower levels of ASM and LSM, higher levels of BMI, BFP, visceral fat, and HOMA-IR, and greater levels of the
indicators of liver damage ALT, AST, LSM, and CAP. There were statistically significant differences in gender, weight,
BMI, ASM, BFP, VFA, ASFA, HOMA-IR, AST, y-GT, LS, and CAP among the quartiles (P < 0.05). There were no
differences in TG, TC, HDL-c, or LDL-c among the four groups (Table 2).

LSMI is Negatively Correlated with the Risk of NAFLD
The prevalence of NAFLD was 90.20% in Q1, 86.00% in Q2, 84.31% in Q3, and 58.33% in Q4. Q1 had the highest
incidence of NAFLD, and Q4 group had the lowest incidence (P < 0.05) (Figure 1).

Correlation Analysis Between LSMI and NAFLD
There was a negative association between LSMI, ASMI, gender, age, BMI, BFP, ASFA, AST, ALT, LS, and CAP (P <0.05)
(Table 3).

Multivariate Logistic Regression Analysis s of Odds Ratios of the Risk of NAFLD in
T2DM

According to multivariate logistic regression analysis, LSMI, ASMI were independent protective factors for NAFLD in
T2DM. BMI, BFP, VFA, ASFA, HOMA-IR, ALT, AST, CAP were independent risk factors for NAFLD (Table 4).

Table 2 Comparison of General Information and Laboratory Parameters Between Quartile Groups of LSMI

Quartiles of LSMI P
Q1:<0.50 Q2:0.50-0.60 Q3: 0.60-0.70 Q4: >0.70

n(Male/Female) 51(3/48) 50(23/27) 51(50/1) 48(46/2) <0.001
Age(years) 53.4849.17 50.431£9.72 49.04+10.43 50.14£10.81 0.002
Weight(kg) 64.00(55.90,72.15) 58.00(53.20,73.00) 71.60(62.05,80.90) 69.80(65.10,74.60) <0.001
High(cm) 158.00(152.00,166.50) | 163.00(160.25,172.75) | 166.00(161.00,171.25) | 173.00(163.50,177.00) <0.001
BMI(kg/m?) 26.60(23.20,29.10) 24.60(21.88,26.75) 25.30(23.20,28.00) 22.40(20.10,24.35) <0.001
BFP(%) 37.50(32.90,40.50) 28.40(23.40,33.50) 26.00(22.70,28.50) 22.30(18.30,24.35) 0.004
ASM(kg) 21.70(19.65,24.35) 22.90(22.10,26.00) 29.20(25.90,33.15) 31.40(27.90,32.55) <0.001
LSM(kg) 11.40(10.20,12.96) 12.65(11.64,14.66) 15.75(14.59,17.66) 17.52(15.79,18.53) <0.001
VFA(cm?) 101.04+27.01 96.95+52.95 106.20+43.18 85.29429.18 0.006
ASFA(cm?) 207.00(151.50,261.00) | 170.00(127.00,230.00) | 167.00(138.00,232.00) | 156.00(125.50,146.50) 0.040
HOMA-IR 4.21+5.55 2.16£1.49 2.07+1.48 2.01£1.90 0.047
ALT(U/L) 22.20(14.60,34.55) 16.60(10.25,32.20) 15.50(10.25,43.50) 15.90(11.10,18.35) 0.055
AST(U/L) 17.00+20.96 17.40+17.89 14.00+14.29 14.00+6.39 0.016
y-GT(U/L) 31.44£26.20 47.86169.30 59.08+59.27 25.86+15.47 0.029
TG(umol/l) 2.81(1.80,4.43) 3.47(2.01,4.42) 3.15(1.65,4.62) 2.11(1.30,4.52) 0.083
TC(umoll/l) 3.61(2.35,4.84) 4.92(2.01,5.70) 3.78(2.71,5.70) 3.36(2.17,4.01) 0.130
HDL-c(umol/l) 0.96(0.82,1.14) 0.96(0.87,1.19) 0.85(0.74,1.01) 0.95(0.81,1.08) 0.126
LDL-c(umol/l) 2.90(2.11,3.48) 3.19(2.67,3.72) 2.49(1.98,3.17) 2.85(2.10,3.26) 0311

LSM(Kpa) 6.70(5.99,8.84) 6.17(5.04,7.16) 6.24(5.08,7.73) 5.00(4.49,6.73) 0.004
CAP(dB/m) 294.67(270.87,305.74) | 265.05(249.27,302.74) | 272.19(246.40,300.72) | 253.00(232.78,288.18) <0.001

Abbreviations: BMI|, body mass index; HbAlc, glycosylated hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; y- GT, y-

Glutamyl transpeptidase; TC, total cholesterol; TG, triglyceride; HDL-C, serum high-density lipoprotein; LDL-C, serum low-density lipoprotein.
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Figure | Prevalence of nonalcoholic fatty liver disease (NAFLD) across quartile groups of LSMI.
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ROC Curve Analysis of the Diagnostic Value of LSMI for NAFLD
We performed a ROC analysis to determine the ability of LSMI to predict NAFLD. LSMI and LSMI both predicted
NAFLD. The areas under the curve were both 70.9% (P < 0.05). The cutoff value of LSMI for diagnosing NAFLD was

Table 3 Spearman Correlation Between LSMI and SMI and NAFLD

Item Gender | Age BMI BFP VFA | ASFA | ALT AST CAP LSM
LSMI
r —0.741 —0.193 | —0.369 | —0.774 | —0.108 | —0.222 | —0.163 | —0.224 | —0.142 | —0.273
P <0.001 0.006 | <0.001 | <0.001 | 0.148 0.003 0.023 0.001 0.044 | <0.001
ASMI
r —0.738 | —0.193 | —0.349 | —0.8I18 | —0.094 | —0.226 | 0.178 | —0.238 | —0.142 | —0.27
P <0.001 0.006 | <0.001 | <0.001 0.21 0.003 0.012 | <0.00l | 0.044 | <0.001

Table 4 Odds Ratios of the Risk for NAFLD in Type 2
Diabetes Mellitus

Variables B OR(95% CI) P

Age ~0.029 | 0.971(0.937.1.007) | 0.110
BMI 0737 | 2.090(1.638,2.668) | <0.001
BFP 0244 | 1277(1.176,1.386) | <0.001
VFA 0.042 | 1.043(1.027,1.060) | <0.001
ASFA 0.046 | 1.048(1.030,1.065) | <0.001
HOMA-IR | 0477 | 1.612(1.0782411) | 0.020
ALT 0.159 | 1.173(1.090,1.262) | <0.001
AST 0.150 | 1.161(1.067,1.264) | <0.001
LSMI ~5.900 | 0.003(0.000,0.053) | <0.001
ASMI ~3.860 | 0.021(0.003,0.147) | <0.001
CAP 0428 | 1.534(1.195,1.971) | <0.001
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0.64, the sensitivity was 73.1%, and the specificity was 67.5%, according to the maximum Youden index. The cutoff
value for ASMI was 1.18, the sensitivity was 71.9%, and the specificity was 67.5%. The combined predictive value of
LSMI and ASMI was greater, with a sensitivity of 76.9%, a specificity of 65.0%, and an area under the curve of 71.2%
(Figure 2).

Linear Regression Analysis of Influencing Factors of NAFLD

With CAP as the dependent variable and LSMI as the independent variable, linear regression analysis was carried out to
further investigate the effect of LSMI on NAFLD according to various genders. The findings demonstrated that LSMI
was a risk factor for NAFLD in all subjects (P<0.001) (Table 5).

Discussion

According to recent studies, NAFLD and severe liver fibrosis are common in individuals with reduced skeletal muscle
mass.'?> Additionally, there is a direct correlation between the distribution of fat and muscles in the lower limbs and
a higher risk of IR and NAFLD."? Few research have examined the relationship between lower leg muscles and NAFLD
in T2DM patients and so far. In this investigation, LSMI (LSM/BMI) was utilized to assess patient condition. The current
results indicated that lower LSMI was associated with an increased risk of NAFLD in those with T2DM and may have
some predictive value for the development of the illness.

Other complications of T2DM, such as Sarcopenia, have gained increased attention in addition to microvascular and
macrovascular issues. Age, malnutrition, insulin resistance, and other variables all have a strong correlation with low
muscle mass and sarcopenia. According to earlier research, 40% of T2DM patients under the age of 80 exhibit
sarcopenia.'* Our statistical findings support the findings of other studies in that the Q1 group was older than the Q4
group. In addition, HOMA-IR was greater in Q1 than Q4. According to published reports, insulin resistance mostly
contributes to muscle loss in skeletal muscle by activating the ubiquitin-proteasome proteolytic pathway.'> Inadequate
insulin secretion occurs in T2DM due to reduced pancreatic islet function. Furthermore, inadequate insulin secretion
occurs in T2DM due to reduced pancreatic islet function. Insulin can accelerate protein synthesis, and its breakdown can
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Figure 2 (A) LSMI, SMI predicts ROC curve for NAFLD. (B) LSMI combined with SMI predicts ROC curve NAFLD.
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Table 5 Linear Regression Analysis of Factors Influencing Indicators of

NAFLD

Variable p SE P t 95% CI P
Male(n=122)

LSMI —1.628 | 0.319 | —0.422 | —5.099 | —0.996~-2.260 | <0.00I
Female(n=78)

LSMI —1.543 | 0414 | —0.393 | —3.723 | —0.717~-2.368 | <0.00I

be stopped. Decreased protein synthesis caused by impaired pancreatic islet function results in decreased muscle mass
and sarcopenia'® possibly explaining this outcome.

The loss of muscle mass reduces exercise tolerance, which can result in obesity (particularly the buildup of visceral
fat),'” and increase the risk of NAFLD.'® By altering the metabolism of fat muscles and IR, loss of muscle mass and
obesity primarily encourage lipotoxic effects and have a negative impact on NAFLD onset and progression.'® Sarcopenia
and obesity increase the risk of NAFLD?® and all-cause mortality compared to obesity alone.?' In the present study, the
NAFLD group had greater BMI and VFA and lower ASMI and LSMI than the non-NAFLD group. The LSMI decreased
with the increase in CAP and LS, the incidence of NAFLD, the increase in the liver damage index AST, the accumulation
of visceral fat, and the worsening of insulin resistance. These findings suggest that, while reducing visceral fat, attention
should be paid to increasing lower limb muscles to delay NAFLD progression.

Approximately 60% of T2DM patients have NAFLD,** and T2DM with NAFLD exacerbates ASM loss.'' In T2DM,
IR reduces the anti-lipolytic action and induces Wat to break down, releasing a significant quantity of free fatty acid.*
Excess fatty acids are stored in the liver in the form of triglycerides, forming ectopic lipid deposition, which can develop
into NAFLD, NASH, cirrhosis, liver cancer, and even death. In the present study, the NAFLD group had lower ASMI
and LSMI and greater HOMA-IR than the non-NAFLD group. Multivariate logistic regression analysis and Spearman
correlation analysis confirmed that LSMI was independent risk factor for NAFLD and was negatively associated with
BMI, BFP, VFA, and other conditions in T2DM. According to the ROC curve data, LSMI had a cutoff value of 0.64,
a sensitivity of 73.1%, a specificity of 67.5%, and a greater predictive value when paired with ASMI. Sarcopenia is
defined as LSMI (ASM/BMI) < 0.789 for males and <0.512 for women,?* In the present study, it was challenging to
diagnose sarcopenia due to our limited sample size. There was a variable course and severity of the disease among the
subjects. As a result, our cutoff value of 0.64 can be used as an evaluation indicator for early NAFLD.

Calf circumference is significantly linked to a higher risk of NAFLD.'? However, lower limb edema, varicose veins,
muscle atrophy, diabetic peripheral neuropathy, osteoarthritis, and others can influence calf circumference measurement.
These limitations are circumvented by the Inbody520 body composition analyzer, allowing us to determine the subject’s
muscle content precisely. In practice, the lowering of ASM, especially LSM, brought on by T2DM is frequently
disregarded, and the diagnosis and treatment strategy is inadequate. For these reasons, research must identify the factors
that need to be assessed, what cutoff values are helpful for diagnosis and treatment, and the best methods for assessing
the effects of treatment and outcomes.

Our findings suggest that the clinical traits of people with T2DM and NAFLD—increased visceral fat and reduced
LSM, are comparable to those of obese sarcopenia. Research on the consequences of muscle loss and visceral obesity on
the liver in T2DM is currently lacking. We demonstrated a link between LSMI and NAFLD. Unlike previous studies, this
study showed that LSMI (LSM/BMI) can predict the development of NAFLD in people with T2DM. We computed the
cutoff value to improve early diagnosis and simplify outcomes assessments following therapeutic interventions. This
value will significantly impact the prevention and treatment of NAFLD and the decrease of LSM in T2DM patients.

There are also certain restrictions on this study. First of all, muscle mass and function are evaluated as part of the
sarcopenia assessment. However, we did not examine muscular function, we merely examined muscle mass. In further
experimental research, the identification and statistical analysis of muscle function should be added. Second, the study
only had a small number of samples, which could have influenced how the cutoff value of the LSMI for diagnosing
NAFLD was determined. Finally, this study did not divide respondents into groups of male and female participants for
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statistical analysis due to variances in body composition analyses between men and women. Therefore, a larger sample
size is required for additional validation.

In conclusion, LSMI is significantly decreased in patients with T2DM and NAFLD. LSMI can predict NAFLD and is
expected to become a screening indicator for NAFLD.
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