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Abstract : Objective To investigate the levels of serum ischemia-modified albumin (IMA),Gremlin-1 and
meteorin-like protein in patients with different clinical grades of diabetic foot (DF) and their predictive value
for poor prognosis. Methods A total of 198 patients with DF admitted to Qinhuangdao Hospital of Peking U-
niversity Third Hospital from May 2022 to October 2024 were selected as the DF group,and 152 patients with
simple type 2 diabetes mellitus (T2DM) without diabetes-related complications who visited Qinhuangdao
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Hospital of Peking University Third Hospital during the same period were selected as the control group. The
patients were followed up for 6 months,and the 198 DF patients were divided into the poor prognosis group
and the good prognosis group according to the prognosis. The levels of serum IMA, Gremlin-1 and meteorin-
like protein in the patients were detected by enzyme-linked immunosorbent assay. Multivariate Logistic re-
gression analysis was used to analyze the influencing factors of poor prognosis in DF patients. The receiver op-
erating characteristic (ROC) curve was drawn to analyze the predictive value of serum IMA, Gremlin-1 and
meteorin-like protein for poor prognosis in DF patients. Results The levels of glycated hemoglobin and serum
IMA,Gremlin-1 in the DF group were higher than those in the control group,while the level of serum meteor-
in-like protein was lower than that in the control group,and the differences were statistically significant (P <<
0.05). The levels of serum IMA and Gremlin-1 in DF patients with Wagner grade 4 were higher than those in
patients with Wagner grades 1,2 and 3,and the levels of serum IMA and Gremlin-1 in DF patients with Wag-
ner grade 3 were higher than those in patients with Wagner grades 1 and 2,and the levels of serum IMA and
Gremlin-1 in DF patients with Wagner grade 2 were higher than those in patients with Wagner grade 1, all
with statistically significant differences (P <C0. 05). The level of serum meteorin-like protein in DF patients
with Wagner grade 4 was lower than that in patients with Wagner grades 1,2 and 3,and the level of serum
meteorin-like protein in DF patients with Wagner grade 3 was lower than that in patients with Wagner grades
1 and 2,and the level of serum meteorin-like protein in DF patients with Wagner grade 2 was lower than that
in patients with Wagner grade 1,all with statistically significant differences (P <C0. 05). The levels of serum
IMA and Gremlin-1 in the poor prognosis group were higher than those in the good prognosis group,and the
level of serum meteorin-like protein was lower than that in the good prognosis group,all with statistically sig-
nificant differences (P<C0. 05). The proportions of patients with Wagner grades 3—4,vascular lesions, periph-
eral neuropathy and the level of procalcitonin in the poor prognosis group were higher than those in the good
prognosis group,all with statistically significant differences (P <C0. 05). The results of multivariate Logistic
regression analysis showed that elevated procalcitonin, IMA, Gremlin-1 levels and Wagner grade 3 —4 were
risk factors for poor prognosis in DF patients (P<C0. 05) ,and elevated meteorin-like protein level was a pro-
tective factor for poor prognosis in DF patients (P<Z0. 05). The result of ROC curve analysis showed that the
area under the curve (AUC) for the combined prediction of poor prognosis in DF patients by serum IMA,
Gremlin-1 and meteorin-like protein was 0. 925,which was greater than the AUC of each of these three indi-
cators when used alone (P <C0. 05). Conclusion The levels of serum IMA, Gremlin-1 and meteorin-like pro-
tein are closely related to the disease grade of DF patients,and the combined detection of these three indicators
has a high predictive value for poor prognosis in DF patients.
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2.1 DF g mMx A IEIKE Rt  DF 41 HbAlc
KL IMA | Gremlin-1 7K 3 & F X3 B8 41, 1l 35 85 8¢
FEE KPR TR, ZR A GIH¥E L (P<
0.05), WFEI1,
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am o % HU " j;: {ﬁiifﬁ 504 2 1k &% L

XAl 152 85(55.92) 67(44.08) 63.44+6. 42 23.39+2. 45 14(28. 95) 49(32. 24) 16(30. 26)

DF4 198 104(52.53) 94(47. 47) 64.17+£6.68  23.68+2.52 67(33.80) 62(31. 31) 51(25.76)

an 0.399 —1.031 —1.080 0. 950 0.034 0.871

P 0.528 0.303 0. 281 0.330 0.854 0.351
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I 4 152 80(52.63) 7.58+1.85 7.75+1.32 7.9441.35  48.6348.27  1.02+0.21 3.96-0. 65

DF 41 198 113(57.07) 7.94-1. 96 7.994+1.28  8.31+1.42  76.514+14.83  1.77-+0.33 3.01-0. 59

X/t 0. 685 —1.745 —1.715 —2.468 —20.821 —24. 469 14. 283

P 0. 408 0.082 0.087 0.014 <0.001 <0.001 <0.001
2.2 A[A Wagner 434 DF B & L7 IMA ,Gremlin- ®2 AR Wagner 4% DF B3 f17F IMA,Gremlin-1,
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1.2.3 %Wy B . Wagner 7390 3 %1% DF B IiLE (1U/mL) (ng/mL) (ng/mL)
IMA .Gremlin-1 7K ¥ 5 T Wagner 0% N 1.2 & 14 43 59.84+10.43 1.3240.20  3.5640.57
B, Wagner 7020 2 0 DF B I IMA, oy 69 72.71411.82" 1.6140.24" 3,170, 46"
Gremlin-1 JK¥-i F Wagner 3900 1 RINEH 2257 4y 62 83.30+14.05" 2.0940.31" 2,730, 42"
PR GIF X (P <0.05), Wagner 8404 4 I, 24 99.77-£16.39™ 2.21+0.37" 2.3140,38"
DF M7 135 3 SUFR AR F1 K AR T Wagner 735000 1, F 57.656 95. 042 48. 202
2.3 JMW B . Wagner 2090 3 1) DF 5 L5 8

P <0.001 <0.001 <0.001

LUREHE KSR T Wagner 200 1.2 S B &,
Wagner 739K 2 241 DF (8% Il 81 80RE 3 1 K F
T Wagner 8900 | IO H . 2RI GIH¥ T
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2 B FE LR, P <{0.05; 5 Wagner 5 H 3 HIK B FH LB,
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(54/198), g A B4 I IMA ., Gremlin-1 7K 3 5

ANEH Wagner 7% N 3~4 H A IME IR A JE

MR R E L & PCT KFm TG B F4.
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%3 FERFH. BEARAME IMA Gremlin-1,
BYHEAKELR (x£s)
IMA Gremlin-1 FREUREHE
215 n
(IU/mL) (ng/mL) (ng/mL)
Tl 5 B 144 72.04+12.84 1.68+0.28 3.1840. 54
[ ¥ 54 88.45413.16  2.01+0.33 2.5540.47
t —7.955 —7.026 7.563
P <20. 001 <0.001 <0. 001

SURE AR Al R ASE Y T AN T S 22 ROC i £k
T WATELE AL A LT IMA ,Gremlin-1 R 40

F B i AR R, 45 3R B, I3 IMA L Gremlin-1. 48 4¢
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F4 MERTFAHFMEARAELZEMILR2(%)H x£5]
20 51 A i Mﬁﬁﬁ*sﬁ A s AR CEiR=TIVES
LE| 4 (%) (kg/m?)
TiE RAF4 144 71(49.31)  73(50.69) 63.75+6.51 23.58+2.49 44(30.56) 42(29.17) 39(27.08)
TG A K4l 33(61.11)  21(38.89) 65.2846.79 23,9642, 56 23(42.59) 20(37.04) 12(22.22)
X%/t 2.195 —1.456 —0.949 2.542 1.131 0. 485
P 0.138 0. 147 0. 344 0.111 0. 288 0.486
Wagner 73 2%
215 n B It v B A I 9 A i JE R P 29 s
1~2 %% 3~4 2
TG R A4 144 77(53.47) 80(55. 56) 105(72. 92) 98(68. 06) 46(31. 94)
WiEA R4 54 36(66.67) 39(72.22) 48(88.89) 14(25.93) 40(74.07)
X/t 2.791 4,549 5.705 28.371
P 0. 095 0.033 0.017 <0. 001
20 51 n B PR 993 AR (AR 25 I I B (mmol /L) HbAlc(%) PCT(ng/mL) 40 T % (< 107 /L)
TG R4 144 7.78+1.89 7.90+1.25 8.21+1.37 0.6540. 14 10.83+2.23
G R4l 54 8.35+2.04 8.24+1.33 8.57+1.46 0.79240.18 11.42+2.29
X2/t —1.849 —1.675 —1.617 —5.777 —1.646
P 0. 066 0.096 0.107 <0. 001 0.101
x5 % E & Logistic B34 #7 DF 2 EMEARMWZMEZ
HE T (5 8 SE WaldX® P OR OR H) 95%CI
iR 1
Wagner 734 1~2%=0,3~4 %=1 1.377 0. 309 19. 866 <<0. 001 3. 964 2.163~7.264
PCT JRE $i A 0. 469 0.165 8.071 0. 004 1.598 1.156~2.208
IMA JEE A 0.545 0.161 11. 444 0.001 1.724 1.257~2. 364
Gremlin-1 JE A 5 A 0.711 0.196 13.177 <<0. 001 2.037 1.387~2.991
BOREE A J AR 5 A —0.185 0.054 11.753 0.001 0. 831 0.748~0.924
lig il - —6.259 2.173 20. 937 <<0. 001 <0. 001 —
A 2
IMA JRAE A 0.425 0.156 7.431 0.006 1. 530 1.127~2.077
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g5 % E & Logistic BlJ34#7 DF B EMEARMWEZMEZ
K= Vit (E B SE WaldX* P OR OR 1) 95%CI
Gremlin-1 JRAE A 0.509 0.164 9.618 0. 002 1.663 1.206~2. 293
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ek AUC P I AT (L AUC 1y 95%CI RPE ) RRED ABIEH
IMA 0.811 <<0. 001 77.21 TU/mL 0.749~0. 863 77.78 68.75 0.465
Gremlin-1 0.763 <0. 001 1.75 ng/mL 0.698~0. 821 75.93 67.36 0.433
A HRA 0. 807 <20. 001 2.79 ng/mL 0.745~0. 859 72.22 74. 31 0. 465
3 WA 0.925 <<0. 001 — 0.879~0. 958 85.19 87.50 0.727
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SRR 1 RINBE . ZF A G FEE L (P<0.05),
REAEBFFE 3 B, IMA A B F 974l DF 8 F2 5, 2R
IMA K5 DF Jgt A 67 . AfF5e it — 4408 IMA
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FIAE SR BRSO B R K- 5 T2DM B
O A8 I & 10 & AR G . ARIIESE 45 R B ow , DF 41
LY B 20 R 2 P KSR T 0 IR, 32 R B S0 ke 2 IR
K5 DF i % A4 56 . 5 BRI A 2 1 58 45 R A7 AE
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