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Gender differences in the association between muscle - to - fat ratio and metabolic
dysfunction - associated fatty liver disease in patients with type 2 diabetes mellitus: a
retrospective study
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[Abstract] Objective: To investigate the association between the muscle-to-fat ratio (MFR) and metabolic dysfunction-associated
fatty liver disease (MAFLD) in patients with type 2 diabetes mellitus (T2DM) , and to evaluate its gender differences and diagnostic
performance. Methods: A retrospective study was conducted on T2DM patients hospitalized in the Department of Endocrinology at the
First Affiliated Hospital of Nanjing Medical University from September 2023 to August 2024. Clinical data were collected from the

electronic medical record system. Body composition was measured by bioelectrical impedance analysis, and MFR was calculated as
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total skeletal muscle mass (kg)/total fat mass (kg). We measured controlled attenuation parameter (CAP) and liver stiffness
measurement (LSM) wvia FibroScan. Patients were divided into the non-MAFLD and MAFLD groups a ccording to whether they had
MAFLD. MFR was stratified into gender-specific tertiles. Its association with MAFLD was analyzed using logistic regression and trend
tests, with diagnostic performance evaluated via receiver operating characteristic (ROC) curve analysis. Results: A total of 2 056
T2DM patients were screened, of whom 448 met the inclusion criteria and were enrolled. The mean age was 55.33 + 12.00 years, and
the mean body mass index (BMI) was 25.13 = 3.51 kg/m’. The overall prevalence of MAFLD was 62.5% (280/448). The prevalence
was lower in males(59.9%, 187/312)than in females (68.4%,93/136). The MFR was significantly lower in the MAFLD group (n=280)
than in the non-MAFLD group (n=168)[1.01(0.77, 1.24) 5. 1.29(0.96, 1.74), P < 0.001]. MFR tertile analysis showed a decreasing
prevalence of MAFLD with increasing MFR (P < 0.001). Multivariable logistic regression revealed gender - specific associations.
Compared to the highest MFR tertile, males in the lowest and middle tertiles had a significantly higher risk of MAFLD[OR (95% CD):
3.36(1.49-7.57)and 2.03(1.02-4.03) , respectively |, with a significant linear trend (P for trend = 0.001). In contrast, among females,
only the middle tertile showed a significantly increased risk LOR (95% CI) : 3.53 (1.05-11.88) 1, with no linear trend (P for trend =
0.699). Additionally, mediation analysis demonstrated a statistically significant indirect effect of BMI in females (effect=—3.59,
Bootstrap 95% CI: =7.23-—1.09). The area under the ROC curve of MFR for diagnosing MAFLD was 0.766 (cut-off value: 1.22)in
males and 0.711 Ccut-off value: 0.78 )in females. Correlation analysis indicated that MFR was negatively correlated with obesity indices ,
homeostatic model assessment of insulin resistance, CAP, and LSM in both genders. However, age was negatively correlated with MFR
only in females, whereas blood lipids, uric acid, and liver enzymes showed inverse correlations only in males. Conclusion: MFR is
independently associated with MAFLD risk in patients with T2DM, and this association exhibits distinct gender-specific patterns,
highlighting the importance of considering gender in clinical management.

[Key words] muscle-to-fat ratio; metabolic dysfunction-associated fatty liver disease; type 2 diabetes mellitus; bioelectrical imped-
ance analysis; gender differences
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W T2DM ™ s 2 B CACBTAR 5C CHETRAR 14D 1 g 1 JH
TR TE R (2024 FERRO Y ST MAFLD™, HEBRARE -
B HWE PRI SRR BRI IR B D REA
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IR=FPG (mmol/L)XFINS(uU/mL)/22.5",
123 ARmay M E

K H AE W) HE B T 43 #T (bioelectrical impedance

analysis, BIA){X (Seca mBCAS515, 1 [ED I E A4 5% 77
PREA S B BT = (skeletal muscle mass, SMM) 4=
L Hig 7 53 & (fat mass, FMD , U & PR i 5 THT AR (vis-
ceral fat area, VFA) . MFR=SMM (kg)/FM(kg) o
1.2.4 MAFLD &9 17

H 20 3 5 I AR b N G A8 ) I s AR R
45 (FibroScan PRO, Echosens A 7] , 74 [E ) &6 Il 52 %
% ik 2 U (controlled attenuation parameter, CAP) 5
JHF 1 P2 AR (liver stiffness measurement, LSM) , #R 4
CAP A VPG IR 7 321, #5 CAP = 238 dB/m 7€ X
REW e FE A |, iR 4R MAFLD 12 Wibr
HE KB FO6 R 5 T2DM 4 3 MAFLD 41(MAFLD
415 T2DM A& Jf MAFLD 2H (Non-MAFLD 41) .
1.2.5 A& AR IR I KR 6975 B

B PR 993 & 6| 4 22 995 2% (diabetic peripheral neu-
ropathy, DPN) 15 % bR 75 #1L X I8 955 42 (diabetic retino-
pathy, DR) 2 I i 44k (v [ 2 U8 PR 15 6 45 7
(2020 FFREO N H A AR HEREAT -
1.2.6 &k 69451

e ML 12 WA 4l b 1 e M B R e R
(2024 FAETT O R AE AR HEEAT -
1.3 %its 7k

K H SPSS 26.0 FAFHEAT B s b o X it &
TORL, 5 A IEA A6 LA B bRt 2 (2 + ) ROR,
A1) EL IR R ST A ¢ Rar 56 (RS 28D B BR R 3R 7 22
M (D s ARFE LA 70 A 1 LA AL 2 (Y 7347
HOLM(Pas, Prs) 1327, 1] LK F Mann-Whitney
U K56 (P9 28 8% Kruskal-Wallis H 36 (£ 41 . 1
R A CE 2 b [n (%) 138K, 21 18] B8R
X 056 B Fisher ¥ HAME A5 . 2 IR ELAL, Gn#E4k
For 56 ¥ 25, W3R AT =5 )5 P A BB, K F Bonferroni
ERIE . K Spearman AH <73 4T PEAl MFR 5 4F 1%
AR AR R AH S . >R — G Logistic [A119 f i
ALK 53 BT MFR 5 MAFLD 1 G I J e M a3
K PROCESS ZFE 3 AT FH A RN ) Ao Jl 32
R # L AE % {F (receiver operating characteristic,
ROC) i Z& 14l MFR %} MAFLD [/ 2 Wi 8 fe . P <
0.05 NZEFRA G Lo

2 # R

2.1 AAEENE R

AW FEHgh N 448 5] T2DM i3, MAFLD f) i
N 62.5%(280/448) , Horp B M B % (59.9%,
187/312) {& T 21 (68.4%,93/136). 5 Non-MAFLD



*1190- [

S NI -

546 55 8 1A
20268 A
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0.05), SRV 5 2o MFR FidH9%(P < 0.05, % 4).
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Table 1 Comparison of clinical characteristics between the two groups

Variable Total (n=448) Non-MAFLD(n=168) MAFLD(n=280) Xz P
Male[n(%) ] 312(69.6) 125(74.4) 187(66.8) 2.883 0.090
Age(years, X + 5) 55.33 + 12.00 56.41  11.21 54.69 + 12.43 1.474 0.141
Duration[ years, M(Pss, Pss) ] 8.0(2.0,15.0) 10.0(3.3,15.0) 7.0(2.0,14.8) -2.064 0.039
BMI(kg/m?, % + s) 25.13 £3.51 23.24 +2.85 26.26 + 3.38 9.708  <0.001
WC(m,x +5) 0.91 +0.10 0.87 = 0.09 0.94 +0.09 -8.497  <0.001
VFA[em?®, M(Pas, Pys) ] 87.0(64.0, 114.0) 69.0(43.0,93.0) 95.5(73.3,122.0) 7.694  <0.001
FM(kg,x + ) 21.44 +7.05 17.22 +5.58 23.97 + 6.62 -11.07  <0.001
SMM (kg x + 5) 22.85 +5.53 22.05 +5.08 23.34 £5.75 -2.477 0.014
MFR[M(Ps, P+5) ] 1.10€0.83,1.37) 1.29€0.96,1.74) 1.01€0.77,1.24) -7.082  <0.001
HbA1¢(%,x + ) 8.73 +2.07 8.81 +2.22 8.68 + 1.97 0.674 0.501
HOMA-IR[M (Pas, P35> ] 1.60(0.83,2.82) 1.14€0.53,1.83) 2.12(1.13,3.41) 7.010  <0.001
TC(mmol/L, % + ) 4.63 £1.23 438 +1.10 4778 +1.28 -3.483 0.001
TG mmol/L, M(Pss, P ] 1.36(0.95,2.11) 1.06€0.77,1.59) 1.54(1.11,2.53) 7.110  <0.001
HDL-C(mmol/L,x + s) 1.18 +0.27 1.25+0.31 1.14 £ 0.23 3.832  <0.001
LDL-C(mmol/L,x + 5) 2.88 +0.87 2.70 +0.79 3.00 + 0.90 -3.557  <0.001
ALT[U/L, M(Pss, P35) ] 19.25(13.80,29.30) 16.00(11.93,21.75) 23.20(16.00,38.70) 7.552  <0.001
AST[U/L, M(Pss, P+ ] 20.00(16.93,25.28) 18.40(16.00,21.00) 21.60(17.83,30.23) 5982  <0.001
UA(pmol/L,x £ 5) 327.88 + 86.05 304.02 + 74.34 342.20 + 89.49 -4.870  <0.001
eGFR[mL/(min/1.73 m*) ] 97.76 + 16.30 97.48 + 14.89 97.93 + 17.11 -0.296 0.767
UACRLmg/mmoL, M(Pss, Py) ] 1.07€0.61,2.28) 1.05(0.59,2.21) 1.07(0.63,2.30) 0.263 0.793
Alcohol drinking[n(%)] 80(17.9) 33(19.6) 47(16.8) 0.584 0.445
Smoking[n(%) ] 151(33.7) 68(40.5) 83(29.6) 5.515 0.019
DPN[n(%)] 344(76.8) 139(82.7) 205(73.2) 5.343 0.021
DR[n(%)] 57C12.7) 26(15.5) 31111 1.835 0.176
Hypertension[ n(%) ] 200(44.6) 60(35.7) 140(50.0) 8.671 0.003
GLP-1RA[n(%)] 44(9.8) 8(4.8) 36(12.9) 7.769 0.005
DPP-4i[n(%) ] 77(17.2) 32(19.0) 45(16.1) 0.653 0.419
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Table 2 Multivariable logistic regression analysis of risk factors for MAFLD
Variable B SE Wald y* OR(95% CDD P
MFR -1.768 0.479 13.645 0.17€0.07-0.44) <0.001
BMI 0.182 0.056 10.409 1.20(1.07-1.34) 0.001
ALT 0.063 0.013 22.295 1.07(1.04-1.09) <0.001
TG 0.281 0.134 4.433 1.33(1.02-1.72) 0.035
R3 AR T2DM BE RS LA
Table 3 Comparison of body composition between female and male patients with T2DM

Variable Female(n=136) Male(n=312) i/z P
BMI(kg/m®, x + 5) 24.75 £ 3.75 25.29 £3.39 -1.487 0.138
WC(m,x ) 0.87 +0.09 0.93 £0.10 -6.136 <0.001
VFA(em®, x £ 5) 77.94 £ 32.64 94.40 + 39.68 -4.587 <0.001
FM(kg,x +s) 23.87 £6.58 20.38 +£7.00 4.944 <0.001
SMM (kg,x £ ) 16.68 £2.91 25.55+4.05 -26.179 <0.001
MFR[M (P25, P+s) ] 0.72(0.62,0.83) 1.25(1.06, 1.53) ~15.704 <0.001

&4 MFRSEREASHERRIEXRME
Table 4  Correlations of MFR with age and metabolic
paramelers

Male(n=312)

Female(n=136)

Variable

r P r P
Age -0.045 0.433 -0.253 0.003
BMI -0.631 <0.001 -0.652 <0.001
WC -0.668 <0.001 -0.556 <0.001
VFA -0.641 <0.001 -0.487 <0.001
HbAle -0.019 0.734 0.068 0.434
HOMA-IR -0.338 <0.001 -0.223 0.009
TC -0.125 0.027 0.026 0.764
TG -0.336 <0.001 -0.038 0.659
HDL-C 0.086 0.128 0.152 0.078
LDL-C -0.133 0.019 -0.046 0.597
UA -0.223 <0.001 -0.083 0.338
ALT -0.260 <0.001 -0.077 0.372
AST -0.224 <0.001 -0.040 0.640
CAP -0.485 <0.001 -0.178 0.038
LSM -0.241 <0.001 -0.187 0.029

2.5 B HEEMFR =023 04 b i
55 1 BB % MFR = 43 52 509 N T1 (MFR<
1.13,2=102).T2(1.13<MFR<1.40,n=102) .T3(MFR=
1.40, n=108)3 41 . 3 418 MAFLD & i % [ CAP.
BMI.WC.VFA.FM.TG.ALT. AST % 7 ¥4 4t it 2
B (P)<0.05); 5 T3 41 t, T2 41 HDL-C 21
(P <0.05),T1 2H HOMA-TR\UA . LSM J /& IfiL & 2955
HREE (PY)< 0.05) 5 3 A4 BE R 95 72 - SMM

HbA1e . TC.LDL-C Z 7 ¥4t it 7 s L (P 4> 0.05,
5. AN, 3 LA PGB  UACR. DR AT DPN
SRR, DL T B2 R B R 25 Al F R 22 5
TGt 2EE X (P> 0.05) .
2.6 M EEMFR =M 800 R b i

W LM B A7 I MFR =232 8090 N T1 (MFR<
0.65, n=45) . T2 (0.65<MFR<0.80, n=44) . T3 (MFR=
0.80, n=47)3 4. 5 T3 A tk, T1 M T2 4K
MAFLD 295 % .BMI.WC. VFA . FM % &5, DPP-4i fif
M ZER, 276 g8 L(PH<0.05); 5 T3
HAHLE, T1 2H4F 3 K HOMA-IR ¥ 5 (P < 0.05),
T2 40 AST.CAP {5 5 55 (P < 0.05) . 3 48] B J% 96 I
& .SMM.HbA1c.TC.TG.HDL-C.LDL-C.ALT.UA.
LSM K &y Il £808 Z2 1 22 S 3 e g ik 2 = X (P 3>
0.05,%£6). 534h, 3 A AIRAH P UACR . DPN 1
DR U 3, DL K B DPP-4i A oAt 4 6% 24 ) A [ i
ZYME R E R TS E L (P> 0.05) .
2.7 MFR 5 MAFLD X [% 49 % Bx

PLJ& 75 & IF MAFLD 4R AF &, MFR = 73 4%
S (T3 H NSO AR E, 1=V 77 2347 — T
Logistic [ 9734 &R i (R Do £S5 M,
BRI R M7 278, MFR 5 MAFLD KU 5 25 #H 5% 76
K IEAERE CBMI G BEF 1), SRR B3 s 3 — D
IEHE FRIE R FE HbA 1e TC. TG HDL-CLDL-C. 5 IfiL.
JE B PR N 29 G O e (AL 2), 5
T3 AR, T1 R T2 408 4 MAFLD F XU S22 358
LOR(95%CD) 4 5] A 3.36 (1.49~7.57) F12.03 (1.02~
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Table 5 Characteristics of male patients stratified by MFR tertiles
Variable Total (n=312) T1(n=102) T2(n=102) T3(n=108) P

Age(years,x +5) 54.30 +12.35 54.75 + 14.19 54.17 £ 11.17 54.0+11.13 0.913
Duration[years, M(Pss, Ps5) ] 8.0(2.0,15.0) 6.5(2.0,12.5) 8.0(2.8,15.0) 9.0(3.3,15.00 0.577
BMI(kg/m’, x + 5) 25.29 £3.39 27.51 +3.507 25.56 +2.48" 2293 +2.39 <0.001
WC(m,x +5) 0.93 +£0.10 1.00 £ 0.10™ 0.94 + 0.06™ 0.86 +0.07 <0.001
VFA(em®,x £ ) 94.40 +39.68 121.33 +37.28" 98.86 + 27.37" 64.76 = 30.97 <0.001
FM(kg,x +5) 20.38 +7.00 26.75+6.15" 20.81 +3.47" 13.96 + 3.84 <0.001
SMM (kg,x £ s) 25.55 +4.05 25.92 +4.56 25.81 +3.75 2494 +3.76 0.144
HbAlc(%,x +5) 8.65 £ 2.06 8.71 £ 1.86 8.60 + 2.05 8.63 £2.26 0.935
HOMA-IR[M (P, Pss) ] 1.53(0.80,2.82) 2.34(1.22,3.85)" 1.54€0.79,2.71) 1.23€0.61,1.98) <0.001
TC(mmol/L,x £ s) 4.51+1.20 4.69 + 1.34 449 +1.12 436+ 1.11 0.129
TGLmmol/L, M(Pss, P35) ] 1.37€0.95,2.10) 1.59(1.11,2.78)" 1.48(1.10,2.200" 1.070.80, 1.59) <0.001
HDL-C(mmol/L,x + s) 1.14 £ 0.24 1.13+£0.21 1.09 £ 0.22" 1.19 £ 0.28 0.007
LDL-C(mmol/L, x = 5) 2.83 £0.86 2.95+0.93 2.83+0.79 2.72 +0.84 0.141
ALTLU/L, M(Pas, Py5) ] 20.4(14.0,30.4) 23.5(16.0,37.1D" 21.7(16.4,33.7)" 17.5(12.0,24.8) <0.001
ASTLU/L, M(Pss, P35) ] 20.1(17.0,25.4) 21.2(18.0,27.6)" 21.0(17.0,29.3)" 19.0(16.0,23.0) <0.001
UA(pmol/L, x £ 5) 344.96 + 85.78 365.32 + 88.76" 347.38 + 84.45 323.45 £ 79.69 0.002
Hypertension[ n(%) ] 141(45.2) 55(53.9)° 48(47.1) 38(35.2) 0.022
GLP-1RA[n(%) ] 26(8.3) 14(13.7) 6(5.9) 6(5.6) 0.056
DPP-4i[n(%) ] 58(18.6) 17C16.7) 16(15.7) 25(23.1) 0.317
CAP(dB/m,x = 5) 254.08 + 52.31 278.49 £ 52.84" 257.46 £ 45.05" 227.84 +46.14 <0.001
LSM[kPa, M(Pss, P:5) ] 5.10(4.30,6.10) 5.60(4.68,6.50)" 5.00(4.18,6.30) 4.85(4.13,5.58) <0.001
MAFLD[n(%) ] 187(59.9) 83(81.4)" 67(65.7)" 37(34.3) <0.001

Compared with the T3 group, P < 0.05 and “P < 0.01.

4.03) 1, HAF{E 281 # %5 (P trend=0.001) . {F 21t
o, B R K 0 T s, MFR 5 MAFLD XU 2 35 AH
K, (HAER IE AR W BML 5 BEAY 1), iZ KB AS i 2
= 3 P ROERE R P FE . HbA1e. TC. TG HDL-C
LDL-C. i Ifil & 8895 2 B4 08 A % i 24 1 A5 O )
(R 2), AN T2 20 & 4= MAFLD F) X & 2 T+ &
(OR=3.53,95%CI: 1.05~11.88), T1 41 5 T3 4L [A] fr] X
& 2 R LG E L (P=0.896) . FF PRI A $7
INERPE S (P trend=0.699) . /£ &P, LA MAFLD
NIRAR &, MFR N H A8 &, BMIFIAERS A A 45 &
BEAT A b, 25 SR EoR, BMLI A RS EAA G
T % B RN =— 3.59, Bootstrap 95% Cl:
—7.23~=1.09) ; 4F & 1) A1 RS TG 8 1 2 s LRk
¥ {E =—0.24, Bootstrap 95%Cl: —1.19~0.54)
2.8 MFR 3t MAFLD #9754 A%

ik ROC Hi £ PP MFR XF MAFLD [ W3
(FD. g3 ExR, B ROC £ R 1H 2 (area
under the curve, AUC) 4 0.766(95%Cl: 0.713~0.820;
P <0.000), FAE#BIE A 1.22, REE R4 75 4

ANT9.2%F61.5%. LR AUC 4 0.711(95%Cl:
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Table 6 Characteristics of female patients stratified by MFR tertiles

Variable Total (n=136) T1(n=45) T2(n=44) T3(n=47) P
Age(years,x + 5) 57.71 £ 10.83 60.16 + 10.54 58.48 + 10.60 54.64 + 10.83 0.042
Duration [years, M(Pss, Ps) ] 8.0(3.0,16.0) 8.0(2.5,18.5) 8.0(4.0,12.0) 7.0(1.0,19.0) 0.888
BMI(kg/m*, x +s) 24.75 +3.75 27.74 +3.66™ 24.32 +2.79" 22.30 +£2.47 <0.001
WC(m,x ) 0.87 +0.09 0.93 +0.09” 0.87 £ 0.08” 0.82 £ 0.07 <0.001
VFA(em®, x £ 5) 77.94 + 32.64 97.67 + 36.66™ 76.05 +26.76° 60.83 +22.10 <0.001
FM(kg,x +s) 23.87 + 6.58 30.20 + 5.80” 2297 £4.117 18.66 + 3.35 <0.001
SMM (kg,x £ ) 16.68 +2.91 16.79 +3.22 16.51 +2.79 16.73 £2.75 0.895
HbAlce(%) 8.91 +£2.08 8.67 £2.02 8.81 £2.02 9.24 +2.18 0.385
HOMA-IR[M(Pss, P35)] 1.71(0.85,2.86) 2.18(0.93,4.40)™ 1.66(1.16,3.10) 1.33€0.53,2.26) 0.009
TC(mmol/L,x £ s) 490 = 1.26 4.88 +1.21 4.94 + 1.46 4.89 +1.14 0.975
TGLmmol/L, M(Pss, P35) ] 1.33€0.95,2.12) 1.27€0.97,1.72) 1.66(1.04,2.25) 1.27€0.79,2.10) 0.284
HDL-C(mmol/L,x £ s) 1.29 £ 0.29 1.23+0.23 1.27 £ 0.29 1.35+0.34 0.163
LDL-C(mmol/L,x % 5) 3.01 £0.89 3.09 £0.92 2.99 +0.98 2.97 +0.80 0.775
ALTLU/L, M(Pss, P35 ] 18.0€12.7,27.0) 17.9(11.1,28.0) 20.4(13.2,38.1) 16.6(12.0,21.0) 0.070
ASTLU/L, M(Pss, P55) ] 19.2(16.5,24.8) 18.0(14.1,23.00 21.0(18.1,30.8)" 18.0(16.4,21.8) 0.010
UA(pumol/L,x £ ) 288.70 + 73.13 284.31 +61.14 307.86 + 70.26 274.96 + 83.32 0.088
Hypertension[ n(%) ] 59(43.3) 24(53.3) 19(43.2) 16(34.0) 0.175
GLP-1RA[n(%) ] 18(13.2) 8(17.8) 6(13.6) 4(8.5) 0.421
DPP-4i[n(%) ] 19(14.00 4(8.9) 3(6.8)" 12(25.5) 0.018
CAP(dB/m,x + 5) 260.88 + 51.03 264.38 + 37.28 273.20 £ 43.57 246.00 + 61.02 0.032
LSM[kPa, M(Pss, P:5) ] 5.20(4.10,6.20) 5.40(4.35,7.05) 5.20(4.15,6.10) 4.60(3.70,6.20) 0.105
MAFLD[n(%) ] 93(68.4) 36(80.00° 35(79.5)" 22(46.8) <0.001

Compared with the T3 group, P < 0.05, "P < 0.01.
RT MFR 5 MAFLD KB Logistic [])3 5347
Table 7 Logistic regression analysis of the correlation of MFR with MAFLD
Unadjusted Model 1 Model 2

Sex MIR OR(95%CD) P OR(95%CD) P OR(95%CD) P
Male T1 8.38(4.43-15.86) <0.001 3.29(1.54-7.05) 0.002 3.36(1.49-7.57) 0.003
T2 3.67(2.08-6.50) <0.001 2.02(1.07-3.83) 0.031 2.03(1.02-4.03) 0.043

T3 1.00(reference) - 1.00(reference) - 1.00(reference) -

P for trend <0.001 0.002 0.001

Female T1 4.55(1.80-11.50) 0.001 1.06(0.30-3.68) 0.930 1.10€0.26-4.63) 0.896
T2 4.42(1.74-11.20) 0.002 2.70€0.98-7.42) 0.055 3.53(1.05-11.83) 0.041

T3 1.00(reference ) - 1.00(reference) - 1.00(reference) -

P for trend 0.001 0.688 0.699

Model 1: adjusted for age and BMI; Model 2: additionally adjusted for duration, HbAlc, TC, TG, HDL-C, LDL-C, hypertension, and use of antidia-

betic and hypolipidemic drugs.
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Figure 1 ROC curve of MFR for diagnosing MAFLD
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