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[Abstract] Objective To investigate the correlation between ferroptosis—related indicators and metabolic-associated
fatty liver disease (MAFLD) in type 2 diabetes mellitus (T2DM). Methods A total of 167 T2DM patients admitted to the
Department of Endocrinology of the Second Affiliated Hospital of Baotou Medical College from January 2023 to April 2024
were selected. Based on abdominal ultrasound results, they were divided into a T2DM group (44 cases) and a T2DM-MAFLD
group (123 cases). According to the fatty liver index (FLI), T2DM-MAFLD patients were further divided into a low-risk sub—
group (37 cases, FLI < 30), a medium-risk subgroup (46 cases, 30 < FLI < 60), and a high-risk subgroup (40 cases, FLI =



* 130 - 2026 2 25 2 Chin J Diffic and Compl Cas February 2026 Vol.25 No.2

60). Enzyme-inked immunosorbent assay was used to detect the levels of ferroptosis—related indicators including ferritin (FE),
glutathione peroxidase 4 (GPX4), reactive oxygen species (ROS), acyl-CoA synthase long-chain family member 4 (ACSL4),
glutathione (GSH), and superoxide dismutase (SOD). Pearson and Spearman correlation analyses were used to investigate the
correlation between ferroptosis—related indicators and clinical parameters in T2DM-MAFLD patients. Multivariate logistic re—
gression analysis was performed to identify influencing factors for MAFLD in T2DM patients. Results Serum levels of FE,
ROS, and ACSL4 showed an increasing trend: T2DM group < low-risk subgroup < medium-risk subgroup < high-risk sub—
group (F/P =112.240/<0.001, 42.118/<0.001, 22.607/<0.001). Serum levels of GPX4, GSH, and SOD showed a decreasing
trend: T2DM group > low-risk subgroup > medium-risk subgroup > high-risk subgroup /P =40.784/<0.001, 11.040/<0.001,
17.371/<0.001). BMI, FPG, HbA,_, TG, TC, GGT, and HOMAHR levels showed an increasing trend: T2DM group < low-risk
subgroup < medium-risk subgroup < high-risk subgroup ¢/H/P =5.904/0.001, 25.409/<0.001, 26.011/<0.001, 16.694/<0.001,
6.633/<0.001, 91.146/<0.001, 44.600/<0.001). LDL-C levels showed: T2DM group < low-risk subgroup < medium-risk sub—
group /P =7.215/<0.001). HDL-C levels showed: T2DM group > low-risk subgroup > medium-risk subgroup > high-risk
subgroup (F/P =6.894/<0.001). Ferroptosis—related indicators FE, ROS, and ACSL4 were positively correlated with clinical in—
dicators BMI, FPG, HbA,_, TG, TC, CPS, HOMAHR, and GGT in T2DM-MAFLD patients (all P<0.05). FE and ROS were
negatively correlated with HDL-C (/P =-0.255/0.001, —0.160/0.039). GPX4, GSH, and SOD were negatively correlated with
BMI, FPG, HbA,,, TG, TC, CPS, HOMAHR, and GGT (all P <0.05). Multivariate logistic regression analysis showed that high
BMI, high FE, high ROS, high ACSL4, high FPG, high HbA,_, high TG, high GGT, and high HOMA-R were independent
risk factors for MAFLD in T2DM patients OR (95%CI)=1.182 (1.003-1.392), 1.044 (1.009-1.080), 1.552 (1.512-1.592),
1.008 (1.002-1.014), 1.879 (1.051-3.360), 1.760 (1.114-2.782), 1.209 (1.007-1.453), 1.072 (1.025-1.121), 1.482 (1.152—
1.906) , while high GPX4 was an independent protective factor OR (95%CT) = 0.951 (0.912-0.993) . Conclusion Fer—
roptosis is associated with the progression of metabolic-associated fatty liver disease in type 2 diabetes mellitus.
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1.3.2 T2DM-MAFLD M(Q, Q)
AU=2700 ( FPG) . Kruskal-Wallis H
( HbA,,) . ( TG) . Mann-Whitney U ; Pearson  Spearman
(TC) . ( HDL-C) . T2DM-MAFLD
LDL-C) . ( GGT) . Logistic T2DM
( FINS) . C (CPS) o MAFLD . P<0.05
1.3.3 FLI : BMI = ( kg) / 0
(m) > ( HOMAHR) = FPG( mmol /L) x
FINS( mU/L) /22.5 ( ) FLI = 2.1 FE.ROS.ACSIA4
0:093% In( TC) +0.139x BMI+0.718x In( GGT) +0.053x WC-15745 /| 4 T2DM < < <
0.093 In(TG) +0.139% BMI*0.718x In( GGT) +0.053x WC-15745 o 1(5) ; GPX4.GSH.SOD ™2DM >
T2DM-MAFLD 37 (FLI<30) . > > ( P<0.01) 1.
46  ( FLI 30~<60) . 40 2.2 T2DM-MAFLD BMI.
(FLI=60) " . FPG.HbA, .TG.TC.GGT.HOMA-R T2DM
1.4 SPSS 26.0 < < < ( P<0.01);
o (%) LDL-C T2DM < <
X2 ; xts ( P<0.01) ( P>0.05) ; HDL-C
2 ¢ ™7DbM > >
ANOVA SNK X ( P<0.01) 2,
1 T2DM T2DM-MAFLD (xxs)
Tab.1 Comparison of ferroptosis—related indexes in T2DM group and T2DM-MAFLD subgroups
FE( pe/L) GPX4( ng/L) ROS( pg/L) ACSLA( ng/L) GSH( ng/L) SOD( ng/L)
T2DM 44 150.05+16.39 663.79+35.70 10.72+0.88 514.97+388.54 60.46+25.63 117.10+35.70
T2DM-MAFLD 123
37 168.57+24.39* 630.66+63.40° 12.24+1.27° 868.65+408.58" 45.41+£21.87* 91.18+19.63*
46 213.63+28.96% 572.67£60.52% 13.98+1.29* 1 030.71+448.80" 40.17+25.64° 86.36+17.08"
40 236.87+25.79° 547.18+53.66"" 15.55+3.74% 1 267.28+479.30"" 30.76+23.58" 76.15£32.17%
F 112.240 40.784 42.118 22.607 11.040 17.371
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
T2DM “P<0.05; bP<0.05; “P<0.05,
2 T2DM T2DM-MAFLD T2DM-MAFLD (xxs)
Tab.2 Comparison of T2DM-MAFLD—elated indexes in T2DM group and T2DM-MAFLD subgroups
T2DM-MAFLD
T2DM  (n=44) F/H P
(n=37) (n=46) (n=40)
BMI( kg/m?) 23.79+2.37 24.36+2.78 25.60+2.04" 25.84+3.28" 5.904 0.001
FPG( mmol /L) 6.78+1.52 8.52+2.05* 11.35+4.32% 13.32+5.51% 25.409 <0.001
HbA,( %) 7.72+1.17 8.71+1.41* 10.03£1.72% 10.49£2.03% 26.011 <0.001
TG( mmol /L) 1.14£0.33 1.71+0.86" 2.13+1.06* 3.41£2.73%¢ 16.694 <0.001
TC( mmol/L) 4.18+1.25 4.28+1.15 4.95+1.32% 5.10£1.24% 6.633 <0.001
HDL-C( mmol /L) 1.43+0.65 1.13+0.27* 1.08+0.27° 1.05+£0.43° 6.894 <0.001
LDL-C( mmol /L) 2.42+0.86 2.56+0.91 3.36+1.09" 2.77+1.21* 7.215 <0.001
GGT(U/L) " 17.00( 15.80 26.00) 23.00( 18.00 30.00) 57.00( 39.25 63.00) **  74.50( 46.00 98.00) 91.146 <0.001
FINS( mU/L) * 11.15( 6.68 25.93) 12.75(7.40 27.36) 13.85(8.26 19.97) 15.56( 11.55 19.29) 0.860 0.835
CPS( pg/L) 0.86( 0.57 2.47) 1.29( 1.05 2.68) 1.68( 1.07 2.01) 2.25(1.39 2.65) 2.086 0.104
HOMAR® 2.92(2.52 5.46) 5.34(3.64 6.72) ° 5.85(3.92 8.48) ° 6.72(6.18 8.44) 44.600 <0.001

YO M(Q, Q;) . T2DM “P<0.05;

b P<0.05;

“P<0.05,
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2.3 T2DM-MAFLD 4 T2DM MAFLD Logistic
Pearson Tab.4 Risk multivariate Logistic regression analysis affecting the
Spearman occurrence of T2DM-MAFLD
0
R FE . ROS N ACSL4 B SE Wald P OR 95%CI
BMI 0.167 0.057 7.162 0.046  1.182 1.003~1.392
T2DM-MAFLD BMI. FPG. HbAlt‘ N FE 0.043 0.012 17.140 0.012 1.044 1.009~1.080
TG.TC.CPS.HOMA-R. GGT HDL-C GPX4 -0.050 0.020 9.166  0.022  0.951 0.912~0.993
(P<0 05) . GPX4.GSH.SOD ROS 0.106 0.044 7.745 0.007  1.552 1.512~1.592
) A C ACSL4 0.008 0.003 8.391 0.006  1.008 1.002~1.014
T2DM-MAFLD BMI. FPG. GSH 0.018 0.025 0.497 0.507 1.019 0.965~1.075
HbA, . TG. TC. CPS. HOMAHR. GGT (P< SOD -0.135 0.056 6.643 0322 0.874 0.670~1.141
005) . LDL-C.FINS FPG 0.631 0.297 4.522 0.033  1.879 1.051~3.360
HbA,, 0.565 0.193 8.913 0.015 1.760 1.114~2.782
( P>0.05) 3. .
TG 0.190 0.038 5.924 0.042  1.209 1.007~1.453
2.4 Logistic T2DM TC 0.086 0.026 8.264 0.546 1.090 0.824~1.442
MAFLD DM MAFLD HDL-C 0.056 0.018 5.873  0.872 1.060 0.520~2.205
( : “r- “0 ,,) P< LDL-C 0.059 0.021 6.248 0.714 1.062 0.768~1.456
! GGT 0.070  0.023  9.208 0.002 1.072 1.025~1.121
0.05 ( ) HOMAJR 0393 0151 4855 0009 1482 1.152~1.906
Logistic :BMI .FE .ROS .
ACSI4 FPG .HbA,, TG .GGT .HOMA4R BMI.FPG.HOMA-R N
T2DM MAFLD GPX4 T2DM
( P<0.05) 4, MAFLD o Zhang " FPG
3 MAFLD
MAFLD o
T2DM T2DM N N
o MAFLD
T2DM MAFLD 0
. T2DM
B
B ROS
T2DM-MAFLD BT
3 T2DM-MAFLD
Tab.3 Correlation analysis between ferroptosis—related indexes and T2DM-MAFLD—elated indexes
FE GPX4 ROS ACSL4 GSH SOD
r P r P r P r P r P r P
BMI( kg/m?) 0.204 0.008 -0.126 0.016 0.336 <0.001 0.179 0.021 -0.231 0.003 -0.239 0.002
FPG( mmol /L) 0.494 <0.001 -0.422  <0.001 0.508 <0.001 0.200 0.009 -0.320 <0.001 -0.282 <0.001
HbA, ( %) 0.365 <0.001 -0.323  <0.001 0.497 <0.001 0.286  <0.001 -0.186 0.016 -0.328 <0.001
TG( mmol /L) 0.505 <0.001 -0.334  <0.001 0.440 <0.001 0.212 0.006 -0.286 <0.001 -0.238 0.002
TC( mmol /L) 0.266 0.001 -0.203 0.009 0.214 0.006 0.062 0.028 -0.178 0.022 -0.074 0.031
HDL-C( mmol/L)  -0.255 0.001 0.160 0.039 -0.160 0.039  -0.056 0.041 0.129 0.097 0.134 0.084
LDL-C( mmol /L) 0.141 0.069 -0.140 0.070 0.121 0.120 0.074 0.344 -0.105 0.175 -0.083 0.284
FINS( mU/L) -0.033 0.675 0.001 0.994 -0.025 0.752 0.136 0.081 -0.010 0.897 0.097 0.214
CPS( pg/L) 0.204 0.008 -0.184 0.018 0.173 0.025 0.246 0.001 -0.257 0.001 -0.157 0.043
HOMA4R 0.308 <0.001 -0.359  <0.001 0.286 <0.001 0.345  <0.001 -0.299  <0.001 -0.175 0.023
GGT(U/L) 0.588 <0.001 -0.647  <0.001 0.527 <0.001 0.372 <0.001 -0.236 0.002 -0.293 <0.001
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