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WE. a6 K2 A4 &S (type 2 diabetes mellitus, T2DM) # # 2 7% Isthminl (ISM1) . Gremlin2( GREM2) 7K -F
5 4 ogm AL M B 9% % (diabetic retinopathy, DR)#9% %, Fék #2023 1 A1 B 22023 512 A 31 B &
FHRFWEE S RILTETL N 5568 77 69 148 4 T2DM &4 #3352 % 45 DR %4 DR 4 (n=67) 53k DR
(non-diabetic retinopathy, NDR) 20 (n=81) , BBE J s R W ik 4 m) fo 75 ISM1 . GREM2 K-F_ ¢4 % DR 25 F 5B
JRIRIRAR & d R IR L M4 R G ~F-6, k& % &/ WUBT Y {h (urinary albumin-to-creatinine ratio, UACR) . cIMT
K-F 3% F NDR 41( P $<0.05) ;55 NDR 413k% DR 41 ISM1 K -F[ (2.63+0.99)ng/mL vs. (1.24+0.72) ng/mL]
% GREM2 7-F[1001.01(920.00,1 149.71) pg/mL vs. 896.51(771.02,997.45) pg/mL] ¥ 2.+ & (P 3 <0.001) ;4%
HEIIE T R EFIH B ARG, DR 5K %R H b =8 UACR, 3 3 bk ] 2 F B & & (carotid intima-medi-
athickness, cIMT) . ISM1 GREM2 2 E48% (P $<0.05) ; ¥ B & Logistic ® )2 4 #7 % & ,ISM1,GREM2_ ( systolic
blood pressure, SBP) & UACR -% T2DM # % % % DR #9429 B % (P 35<0.05) , ## T2DM %% DR # K
K-l % ISM1 . GREM2 #4+ & a3 Aa 38 i #o il 3t 3% P 49 K F T 464 #) T DR #9249 % &

K $217] . Isthmin1 ; Gremlin2 ; ¥ & 55 P AL W B % ;2 A48 fk o
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Correlation between the levels of serum Isthminl,
Gremlin2 and retinopathy in type 2 diabetic patients

MENG Xiaomei, HAO Yaping, WANG Liang, YU Xiao, TANG Yuxiao
(Department of Endocrinology, the Affiliated Yantai Yuhuangding Hospital of Qingdao University,
Yantai 264000, Shandong, China)

Abstract: Objective To investigate the correlation between the levels of serum Isthminl ( ISM1), Gremlin2
(GREM2) and diabetic retinopathy ( DR) in patients with type 2 diabetes mellitus (T2DM ). Methods A total of 148
patients with T2DM who were treated in the Affiliated Yantai Yuhuangding Hospital of Qingdao University from January
1,2023 to December 31,2023 were included in the study and divided into a non-DR(NDR) group (n=81) and a DR
group (n=67) based on the absence or presence of DR. Serum ISM1 and GREM?2 levels were measured by enzyme-
linked immunosorbent assay. Results Significant differences in diabetic duration, the presence of hypertension, systol-
ic blood pressure ( SBP), interleukin 6, urinary albumin-to-creatinine ratio (UACR) and carotid intima-media thick-
ness (cIMT) were observed between the NDR and DR groups (all P<0.05). Compared with the NDR group, DR
group had higher levels of ISM1 [2.63+0.99 vs. 1.24+0.72 ng/mL ] and GREM2 [ 1 001.01(920.00,1 149.71) , vs.
896.51 (771.02,997.45) pg/mL ] (all P<0.001). After adjustments for age and gender, partial correlation analysis
revealed that the presence of DR was positively correlated with SBP, triglycerides, UACR, cIMT, ISM1 and GREM2 (all
P<0.05). Multivariate Logistic regression analysis showed that ISM1, GREM2, SBP and UACR were independent influ-
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encing factors of DR in patients with T2DM (all P<0.05). Conclusion The risk of DR in T2DM patients increases

with the elevation of ISM1 and GREM2, and early screening for DR may be facilitated by detecting their levels in ser-

um.
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A S R E SR . Isthminl (ISM1) 2T 4F
R A IR R, SRR A T PR B 2 =K
PURREY), WF5E W IEREE h ISML Rk T,
T2DM & ISMI /K F 5 & [ bR & 11 #5670,
Gremlin J& i JE 2% & 4 %5 H ( bone morphogenetic
protein, BMP) #5517 | - 4E 3K Gremlin 715 R fi5
PRI 5 5 75 Ko W% DR s B P 0 VR 8 2D 1 4
/% Gremlin2 (GREM2) 7F & 5 F 5 5
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1.1 HESRIE

PEHC2023 451 H 1 HE 20234 12 A 31 H
55 A o AR 5 B 0 2 5 P 4 I RHISTR 1 148 47
T2DM ¥ MR Y574 JC DR 43 NDR 4 (n=281) Al
DR 41 (n=67) , PRLL A PERIAHPCHLD

AHIFFE ARG T 5 R K 5 B 8 0 & o (2 3
e 2t (HEHE SCS . 2024-366) |, FIFA BFZE 3 42 2
BRI

PAFRUE: OFF A E 2 BOWE R 9% B 16 15
(2020 4FRR) ) b IR AR 12 Wi bR o s @4F A (TR E
DR H0 190 JB56 745 1 PR A2 9T 46 1 (2022 4F) ) 12 e
DR iZWibrife ; @F W >18 JH %

HEBR AR vfE. D1 A DM K HiAth 45 5% 25 /% DM
B QI RESZ 401 (45 TN % 24 Il A R 2 il > 120
U/L) , B IhfEsZ 1 eGFR<60 mL-min™' - (1.73 m*) "]

BH F I DM 2EIF &AE " EHAS I & A K18
PEIRAE 2 PET R s @G IF ™3O G I A5 SR
s ORI s CEPE IR | RGN R
@11 22 25 25 586 I L Ath N 43 9 96 s £
;O IA U FLIN A 2 @FOLR MR M4 & A
EEEZIEE
12 FHi&
1.2.1 — %R

ALHG B PR Ay DM R R TR sk 4 B
i A UACHA R (systolic blood pressure, SBP) |
& 5K JE ( diastolic blood pressure, DBP) [ [ ( waist
circumference, WC) M & i & 4§ %4 ( body mass
index, BMI) . Ifil & & 2> & 2 &, Ik 7] &
1~2min, #7 W X #H 22 < 5 mmHg (1 mmHg =
0.133 kPa) , I 2 Y I ik F) V- S50 45 7 A 22 >
5 mmHg , BRI, B 3 Ul i g~ 348
1.2.2 AR pRAd A

23 8 h DAL, T U H SR 2 A U K AL
£ FH D05 2 [ 3 A AR (AUS800 Y, DL o 2 P IR s
S E], FEED) K #E B ML ( fasting plasma glucose,
FPG) &l H [# % ( total cholesterol, TC) . H i = M
(triglycerides, TG ) | & % J& g 4 1 I [ i ( high-
density lipoprotein-cholesterol, HDL-C) k% & 5 &
FHIAH [ (low-density lipoprotein-cholesterol, LDL-C)
S5 ARKRAY (R ) 4= A sk L2126 F1 43 A )
(HA8180 B BRbpk oAt A ], HA) A5 B AL 1
21 75 1 ( glycated hemoglobin Alc, HbAlc) ;ROCHE
4 [ 3 AL RO S 5 3 BT A ( Cobas E601 %1, %7
[ FR S\l 1 ) A I 25 I JBE 05 2=, T35
BAETIPEAL R 55 Z 453018 %% ( homeostasis model as-
sessment of insulin resistance, HOMA-IR ) * = Z= I
(pU/mL) x FPG ( mg/dL )/22.5. % %% 8 5
WA B A R AR L, RS UACR (mg/
mmoL ) = JR# it 1 1 (mg/L) /FRILEF (mmol/L) .,
B /INER 3% 1 R (estimated glomerular filtration rate
eGFR ) 155 5% Jl CKD-EPI 23K R Tt 16 4 92
W B A6 DU 160 7 14 2% 6 (interleukin 6, IL-6) , fiff
FH b T B A= ) B AR Y150 £ (525 : m1059930)
1.2.3 13 ISM1 ,GREM2 7KF-£; ]
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P A I ISM1 B2 GRM2 /KF- | ISMT 37 £k
AL A PR A RS |) (HE45. JL14441-96T )
GREM2 055 &k i R 55 3 A= BB AT BR A W)
(41t%5 : KPR-H13532) ,
1.2.4 #sh kP 9 2 B B (carotid intima-media
thickness, cIMT) i¢ &

e [F]— 2 B4R Al HIR (A P52 W R 458
u22 (1U22 &Y, 6388 75 A A R A oy %) i
FFREI  HR AT 10 MHz, 43 5K I 35 54, 20 Jok Kz 3=
53 SR BN K 3 ASERAL A Bl Ik N B cIMT
FE SUR i P IEAE B T 2B AR 2 ] A BE R, DL S BE
ECABRAE, 5 6 A, BOF-IE R cIMT {4,
1.2.5  HR P HC i A A

F L M R I A X g 9] R0 8 A 7 MR P P R A A
DL TR B B s 40 19X FEE 0 A2 1ifs R 12 97 48 B (2022
7)) DR GRS HRAE A ISWHK S , P4 JC DR,
1.3 SHitF4hE

K H SPSS 24.0 %t il % ¥ 4. Kolmogorov-

Smirnov IEAMERL I, fF & IE S B AE & DL x+s
FR  AFIEB D HILL M( Py, Pog) Fom, IEAMG
PR [B) LR A ST AR AR ¢ K 3, IR IE A5 A AR 1
W 2H 8] kb %5 % F Wilcoxon rank-sum 55 1409
BRI (%) Fm AR HECRH v ke, R
AT DR S 4845[E] YA CHE 73T, Logistic [9]1H
7381 DR BYSERINZR . KBk HE a=0.05,
2 & B
2.1 FARIKERIGKFFHE

DR ZH A FWE AL | 5 LR 5 (SBP | IL-6
UACR ,cIMT /K-35 F NDR 41 (P #<0.05) , Ifii
PR AR 1) W R s BMITL, 2] . DBP  eGFR |
TC . TG .LDL-C HDL-C .FPG HbAlc ZSHEEE 2 |
HOMA-IR /K25 R T4 it 2¢ 2 X (P ¥1>0.05) .
k1,

F 1 BIFERTG A EEAS G PRAFE
Table 1 Characteristics of the study participants
i H NDR 4 (n=81) DR 4 (n=67) /X z P
iy % 54.95+13.96 57.95+10.92 -1.468 0.144
P/ (/4 43/38 41/26 0.982 0.405
BE DRI s A/ AT 3.00(1.00,9.50) 7.00(2.00,11.00) -2.310 0.021
W R s/ T A 63/18 45/22 2.094 0.193
[ IS e % 5] 51/30 30/37 4.895 0.032
BMI /(kg/m?) 26.76+3.79 26.35+4.59 0.590 0.556
JEFEl/cm 93.00( 86.50,98.00) 94.00(83.00,98.00) -0.102 0.919
W45 1/ mmHg 133.26+14.55 143.30+15.97 -3.962 <0.001
#F9k e/ mmHg 80.50+9.90 83.22+10.88 -1.575 0.118
IL-6/( pg/mL) 2.02(1.50,2.78) 4.54(3.41,6.27) -8.321 <0.001
eGFR/[ mL-min™'+(1.73 m?) '] 110.71+13.99 107.62+19.27 1.096 0.276
TC/( mmol/L) 4.99+1.15 4.95+1.08 0.222 0.824
TG/ (mmol/L) 1.39(1.01,2.05) 1.33(1.05,2.29) -0.618 0.536
HDL-C/( mmol/L) 1.28+0.27 1.27+0.31 0.222 0.825
LDL-C/( mmol/L) 3.18+1.00 2.92+1.08 1.488 0.139
FPG/( mmol/L) 8.62+2.28 8.69+2.49 -0.199 0.842
HbAlc/% 8.30(7.05,9.90) 8.30(7.60,10.30) -0.827 0.408
Z RS ZER/ (wU/mL) 8.46(6.14,13.16) 8.19(5.50,10.86) -1.015 0.310
HOMA-IR 2.94(2.10,5.53) 2.74(1.61,4.81) -0.849 0.396
UACR/ ( mg/mmoL) 0.60(0.30,0.90) 6.00(3.00,9.80) -8.360 <0.001
cIMT/mm 1.00(0.85,1.10) 1.05(1.00,1.10) -3.644 <0.001

2.2 DR 4245 NDR 4 ISM1,GREM2 7k fy Lb 8
DR 2H 5 NDR 41114 ISM1 7K~F-53 514 (2.63+£0.99)

ng/mL & (1.24+0.72)ng/mL, DR #{#T NDR 4,

ERHAGI#7E X (1=-9.488,P<0.001) ; DR

405 NDR %1 /) GREM2 7K F 43 %1 & [ 1 001. 01
(920.00~1 149.71) pg/mL | }%[ 896.51(771.02~997.45)
pg/mL] , 2R HA G2 X (Z=-5.119,P<0.001) ,
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2.3 DR 5FIGKRSHHIEXED
P A 50 A1 3 7 S TE AR 8 M PE 1 &, DR 51l
4 (R=0.291,P<0.001) . TG(R=0.167,P =

0.044) UACR (R =0.284,P=0.001) .cIMT (R =
0.275,P =0.001) .ISM1 (R =0.619, P<0.001) %
GREM2(R=0.440,P<0.001) 2IEAX, W32,

2 R0 T2DM & DR ) AH &5 Hr

Table 2 Partial correlation analysis between DR and clinical variables in T2DM

Wi H HIEEY P Wi H THIC R P
BE IR 1R 0.141 0.090 HDL-C -0.023 0.783
W R s/ T A 0.096 0.249 LDL-C -0.087 0.298
e I/ Tk A 0.148 0.075 FPG 0.036 0.667
BML/(kg/m?) -0.040 0.634 HbAlc 0.107 0.200
HEE FEl 0.010 0.900 R R -0.008 0.921
W4 e 0.291 <0.001 HOMA-IR 0.012 0.888
K 0.154 0.063 UACR 0.284 0.001
IL-6 0.136 0.103 cIMT 0.275 0.001
eGFR/[mL-min"'+(1.73 m*) '] -0.016 0.843 ISM1 0.619 <0.001
TC 0.022 0.789 GREM2 0.440 <0.001
TG 0.167 0.044

2.4 DR B EZH Logistic B34 1

Ll T2DM &2 EA DR 0=75,1=
JE) MR AS B LAY MR BB PR AR SR S R
M SR 754 I s s BMI [ SBP . DBP IL-6
eGFR , TC . TG .HDL-C .LDL-C .FPG  HbAlc %5 1§

Jifi &% 2 . HOMA-IR ,UACR . cIMT . ISM1 & GREM2
N AR AT 2 1 % Logistic [81F 434, 45 5 s
ISM1 .GREM2 . SBP }2 UACR /& T2DM # # &k 4=
DR Bk ST 5 R &K (P $4<0.05) , L3 3,

%3 T2DM Hi# k4 DR BYZ[H & Logistic [7lJ343H7

Table 3 Multivariate Logistic regression analysis on DR in T2DM patients

ATl B SE Wald OR(95%CI) P
SBP 0.059 0.020 8.367 1.061(1.019~1.104) 0.004
UACR 0.116 0.054 4.666 1.123(1.011~1.247) 0.031
ISM1 1.192 0.326 13.363 3.295(1.739~6.244) <0.001
GREM2 0.005 0.002 7.357 1.005( 1.001 ~1.009) 0.007
) 7F DR HUEHEAER , AR 5T AT DAt — 20 R AR
3 %W it % ISMI 7 DR % 2 (0 ELOR AR FIRLA, AT 98

H i DR FLIIAG 30 5 i s MR i R
SUSHHELE O 85 i fe e O W AyA Y R BL Y G
R K BIENINF5 DR MEALE K RA
KRy iR ISML TEIRIR R T A E RS R
AT A R rh AR A, B g RO A K
AR ISMI R R 17 2H 20 K B s LK 7 2 e P 43
B et A S R B RN R B S kY L HATG
T ISM1 5 DR ¢ Zf A iR, A5 RV,
T2DM H:# DR 41137 ISM1 /K- i 7 T NDR
2l , Logistic [A]J925 3R i /% T2DM B 1L iE ISM1 5
DR %A A7 A G, S B 845 B oT 4t R —
2, PR I I ISM K A )T 7E T2DM
BHE P RIWL Y DR, KA 45T T8, ISML R 1]
REIE L5 g & R AR Y& 2 5 DR M kB ¢
A A8 TT R o HA i AR (A0 R E R | I AR AR

Xt ISMI FERRE PRI FH A AE F A £ €0 10 B

GREM2 J& T Gremlin % % (GREM1/2) , Kane
SOV BRI TR, i B ER R TS S O I ] 4 i
H Gremlin mRNA ) 5 235 , I H Gremlin 7 % Ik
P ZF5 S RO DR s 7N A AL I 6 SRR TR T
T —IEsT KB, B 5] DR SBE 35K N Gremlin
IR H e X IR S ARWESE R GREM2 JKF
7E DR AW R THs , k2P Logistic 147344
75 DR B9 % 4 5 GREM2 257 #H5¢ , iX & DR )
RIS T fe it TR RIS AE s R . A
AL R Gremlin 9 F+ 5 5 DR ) &AM ¢, B
FLEARBLE i ARG, 53 A B 58 R B, Gremlin 2
51 % W Bz A= K B F ( vascular endothelial growth
factor, VEGF) | 22 %¢ Ji % 1k £& 11 U B ( mitogen-
activated protein kinase, MAPK) F14% b4 K K7 B
(transforming growth factor -B, TGF-B) % ZFhiE Ty
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ARITT T 3k R AR AE DR A AR B AR kR
PEFR BRI, Gremlin AT HEE 1o 1844 5 £
{55, fedF DR W EA SR, WAk, ARk
I Gremlinl X PN £ 248 B A £ 1 487 7 2 AR 21 41k
(FE T, BT Gremlin HT A w410 5 W8 o9 55 i 45 9 74 5
Ui, AR LR N — PR R Gremlin 7£
DR HIE RIS T 37 AR , Aok 75 ZF JR i kK
AR I PR X 56, LIS IE Gremlin 7£ DR .12 W
W AR, #E— 28R 15F Gremlin 78 DR H1 Ay H
PRAVE ML

DR 54 & 9% 5 %% ( diabetic nephropathy, DN)
[) kg % PR 5 B R ML 357 5 A2, ISMIL 5 T2DM fR & &
FIPR ™ B R A S IE A OG5 B /N BR DB 3 36 52 17 A
XK, mAKEEY ISMI AR R 15 T2DM i & B Y1 fg
BE e A AR B D A ST & B ISMT AT
it /0N BRI L A5 3 o2 PR G O, LSRR A
PEP BT ISMIL AT RE S 1 39 o it A 38 37V T
257 DR J. DN kAR, A5 &M DR 4
UACR 5T NDR 4, Logistic 7945 5 i 75 UACR
5 DR 0 & A= B0 57 A o6, 5 RE £E A 9T 45 R —
P PN R T A R RS AR A 8 A0 2§58 DN
F1 DR (43[R R 28, BCAE R PRI FBE Tz e s AR
WIRAE . AWFIE 7 35 A R B D RE A% 5 DR
A & TR AR T DRGE R A R 4 B N R T g
BRI AR, O TR R IR R AR T WL
IfEkEns, K Y & B T2DM 3% UACR B4k,
e S RAT IR R A A AT & 3 DR I et T
AR T ekcE B s, e e AR o, AN, AR
W58 DR (135w K % £ 35 SBP, 5 HYPER-
LINK Z5ff58—2"" , B T2DM H 2 5 il 1f 1 Y
HEE,

RWFFEAFAEAN B Z A 45 . O AR A 1
B iR, DA77 — 8 1 i £ 1 ; QR A R 18
K, R FERAIRDI A A DR 203 H 2 wb i i 1SM1
Fl GREM2 7K V-1 28 Ak, ARk gk B2 R AR 1 F
Tt —2553#7 , LPEAG AN [F] DR 433 S 3 TR b9t 4
bR i) 22 5% 5 @) 8 B A 5%, N A 48 78 ISM1 K&
GREM2 5 DR [BRIRIC R, AT &3
HURE PRI SR i — 28 40 BT s @A i 5% B 3R ] ISMIL
F1 GREM2 5 DR 1Y C R %Y1, {H i A B B H 75 b
PRI I & Hh AR B VR I PL , 75 ZE ik — 25
(R Bl BIF 9 LA TR N\ B ik L 6 W PR I R E i
At

Zi LTk, T2DM 5 13 ISM1 2 GREM2 5
DR 19 & A 5l 37 4 ¢, DR 9 XU Bl & ISMIL

GREM2 [T 17 48 Jonn, oA ok ml 3e8 o A 00 JHG ot 5
7K, LU R 57 A DR, AT A R85 S 1 i1
B, > DR (41 PR AE B AR A9 7 1) FUEL B
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