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Abstract

¢ AIM. To investigate the expression levels of follistatin-
like protein 1 ( FSTL1 ) and a disintegrin and
metalloproteinase with thrombospondin type 1 motif 13
(ADAMTS13) in the serum of patients with proliferative
diabetic retinopathy ( PDR ), and to analyze their
predictive value for visual disability.

e METHODS:: A prospective study. From January 2022 to
September 2024, patients with diabetes retinopathy (DR)
were selected from Fengfeng General Hospital of North
China Medical and Health Group. They were divided into
non-proliferative diabetes retinopathy (NPDR) group and
PDR group. In the same period, simple type 2 diabetes
(T2DM ) patients were selected as T2DM group, and
healthy people were selected as control group. Enzyme
linked immunosorbent assay was used to detect serum
levels of FSTL1 and ADAMTS13. Patients in the PDR group
were followed up for 12 mo to observe the occurrence of
visual disability, and were accordingly divided into a non-
visual disability group and a visual disability group. Risk
factors for visual disability in PDR patients were analyzed
by Logistic regression, and the predictive value was
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assessed via receiver operating characteristic ( ROC)
curves and decision curve analysis (DCA).

e RESULTS:. This study included 220 DR patients,
including 119 cases in the NPDR group and 101 cases in
the PDR group. There were 120 cases in the T2DM group
and 120 cases in the control group. The control group had
an age of 56.92+8.15 y, with 66 males and 54 females. The
T2DM group had an age of 57.21+8.30 y, with 63 males
and 57 females. The NPDR group had an age of 57.36+
8.25 y, with 60 males and 59 females. The PDR group had
an age of 57.45+8.22 y, with 53 males and 48 females.
There were 68 patients without visual disability and 33
patients with visual disability in the PDR group. The non-
visual disability group had a mean age of 57.26+£8.14 vy,
including 35 males and 33 females. The visual disability
group had a mean age of 57.85£8.37 y, including 18 males
and 15 females. Diabetes duration was progressively
longer in the T2DM, NPDR, and PDR groups. Levels of
fasting plasma glucose ( FPG), glycated hemoglobin
(HbA1c), and FSTL1 progressively increased, while
ADAMTS13 levels progressively decreased across the
control, T2DM, NPDR, and PDR groups (all P<0.001).
Within the PDR group, serum FSTL1 levels increased
sequentially while  ADAMTS13 levels decreased
sequentially in patients with grade IV, V and VI lesions
(all P<0.001). The visual disability group had significantly
longer diabetes duration and higher levels of FPG,
HbA1c, and FSTL1, as well as lower ADAMTS13 levels,
compared to the non-visual disability group (all P<0.001).
The diabetes duration, FSTL1, ADAMTS13 were the
influencing factors of visual disability in PDR patients (all
P<0.001). ROC curve and DCA curve analysis showed that
the predictive value of combined detection of serum
FSTL1 and ADAMTS13 levels is higher than that of
individual measurement(all P<0.05).

¢ CONCLUSION: PDR patients have higher serum FSTL1
levels and lower ADAMTS13 levels. Both are related to the
severity of PDR. The combined measurement has a high
predictive value for visual disability in PDR patients.

o KEYWORDS: proliferative diabetic retinopathy ( PDR) ;
follistatin - like protein 1 ( FSTL1); a disintegrin and
metalloproteinase with thrombospondin type 1 motif 13
(ADAMTS13) ; visual disability; predictive value
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FEL PN PR 955 A I 306 72 ( proliferative diabetic retinopathy,
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AFREAE T AT R AT vWE 2 BRI, A 5B 1k i/ H it
JE A S A Y AR T A, i 2 L M R R, R AL
VKR EAFAE IS N B 50005 S SR BU A vy WIFSE 2 B
ADAMTS13 /K[ 5 DR i % A4 & R B UM ¢, vl BE
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PDR £ M 7 5% 5 19 FIUI R RE i R W R G4, & T
I, AR R G HR T PDR B 1L FSTL1  ADAMTS13 [
FIRIKF M HE PDR B85 A1 3R i BUAA (L, B 7E
B FSTL1 ,ADAMTS13 7E PDR #F &t i 4 6B 1, Ml
PRI T4 33 99 %) 5 s il o R IL 2 A 0l
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1.1 345 FUBEPERFSY, HE 2022 45 1 A & 2024 4£ 9 H
FEAEAY BT i 4 AT 06 I % g w32 ) DR R 35 7 A 1F
FEXTG ARE DR 430145 2 oA A 358 B 3000 % s 400 19X
7% (NPDR) £H (A8 9 0T L =6 248 1 45 AR 2 o 6 2%, Je 3 A4
M TE ) A PDR ZH (AT DL AR X B A i 7 388 6 A AR
oA PR R B 2 ) o A AKRIE : (1) IR RIZ A T2DM
FIDR 5 (2) 4R = 18 %5 (3) IR WA 8 8, HE B b
HE (1) B IFFIPIBE 0 R e ik BEL 2 | 75 16 FIR 45 At IR 358
P 5 (2) G B ; (3) BT MR RE B ; (4) i
3 moPNA HRES TR L HOGIAYT L sk b s i i A 1
(vascular endothelial growth factor, VEGF') HYIEITE (5)
GBI A B RPBEVE ; (6) B I E O B AR E R
VIRERERT ; (7) GE YR s LI 2Pk 5 (8) K e g £ 35 B
TCIETEC A S B . 18 BRI 78 AR g 1547 B 1A 4G 1Y
faRRE & J X WAL | A R I 21 3K 1 AE R AR AE R, OB IR
s 50 R HA IS PR o HRICAS A IR, ) BE R e AR
bEREIZ B T2DM Bk T2DM 2, 9 AFRE . (1) I IRi2 B
9 T2DM7 5 (2) BREAG AR R UL DR %5728 . HEBR AR 7ER] DR
B AT B ARAR A B T i B 4R AT 0 0 L IR I 10 P 2%
RS E (5. 2021112501) , P 2 5% A B S 50
FIEBEAERE,

1.2 /%

121 BEAREME  AH5LL PDR BH W k5 R &
gE bR, 2% k[ 6], BEE a=0.05,B8=0.2, K 55k fig
80% , IR A KM i AUC A 0.90, B8k AUC 4 0.80,
Wi PASS15.0 3K FITEE, T = /0 90 A PDR B35 92 fil,
X% PDR 41 Fifi 7 S 41, DL ) 8% 9 kA R 32.67%
(33/101) IS M e AL B8 =k 0.8, &1t £ /0
YA 86 1, ARHFFE SEBR 4N A 101 1] PDR F3% i L REAS
122 IGRERIGE  WEITA TR R —BER, A
FEAEE R BMI W AR s PG S 0 4E s (systolic blood
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pressure, SBP) &7 5K JE ( diastolic blood pressure, DBP) L) K&
JIT AT R B DR s 0 R 5 WAL BT AT T SE 0 G B4 BCVA,
K FH I B bs HE R ) 2R A6 5 48— 40534 LogMAR #E J7id
SR % PDR 20 88 25 BE DT 18] B3R 975 DA TR Il %,
FE R VEGE 25975 OB EERYT B Y)
T AR SR ] AR

1.2.3 TWEEHREN REFTAXE 5 mLIE R
HHK AL, 350 (3 000 r/min, 15 min) J& , A4 A sh 445
BT ASCRS: I H 9l = 8 ( triglyceride, TG ) | & AH & % ( total
cholesterol, TC ) | Ik % & g £& 11 10 [ B ( low — density
lipoprotein cholesterol, LDL - C) ., /= % & fig & 11 10 [&] fi
(high—density lipoprotein cholesterol, HDL - C) | %5 I Ifil 4%
(fasting plasma glucose, FPG) JRZE % (blood urea nitrogen,
BUN) JWLEF ( creatinine, Cr) S84 AL 845 . FIH = ROB AR
kv ARG AR AL 12T 25 1 ( glycated hemoglobin alc, HbAlc)
K- A ELISA 450 & 4 I It 7% FSTL1, ADAMTS13
K

124 MEVMERSR i PDR BHEHH 2 # @R
MR B2 >R FOSUR 0 N7 AT R ECAS Ay S o390, 43 b e
227 (3 = WE PR AL R0 R A2 I R 12 97 8 (2022
Y VG A A M 5 V G L BLER 2 il £
AN PFAL PR SIS Y I 8 3 A B 5 VI« e A A i
O JIE IS8 25, - O 8 A 0 A O S R S 3 B AR R
K Kappa — S0P 36 VFAk P 467 B2 I 1) 3 92 25 2 | Kappa
1 = 0.87 , $& /8 7 a5 R EA v B — bk

125 BEIAWME  MEH ALY HlE, X PDR 4 835 #E1T
FI 12 mo BYBETT, R HT112 AT, B 3 mo BT
1, IE B 5 BCVA JF58 LogMAR #LJ7, 1HEAL
TR R B (B T 2 5, LogMAR #1L f1 — 3£ 4% LogMAR #
) ARG TC R VT, BE TR 100%, R 35 Bl 5 45 o B
BCVA 15K L 53 S AR 40 70 5k 2 2 Rl g sl 20, WL )
FREEBRAE R 0.05<BCVA<0.3"  [F]H S Bt 1 i 1 5
F3Z 0 VEGF 16Y7 RO IGEE | B A TR 55 1 Fil 1 it 11
100 AE R IS B AT 50T

Bt 5y R GE 22 5k SPSS27.0 #4740 1T,

THECRRLRR R n (%) , 4L 18] FL AT XA 56 5 3 B kL
TN xS, AL IE] FL SR IR SRR AS ¢« K5, 22 A ] L g
LR 3R 7 2200 i — 2D PP AT SNK—q £ 30 5%
M PDR 55 L1585 1M R R R Logistic [B1H 44T ; 11375
FSTL1 , ADAMTS13 X4 77 5% ¢ i) T3 {8 R FH 32 30 T
1 (receiver operating characteristic, ROC) £k 43477 , B & Tl
WIFET Logistic [ A fy Y 0 A8 208, I PR 183K 25 R
e il £k 43 7 ( decision curve analysis, DCA ), 2K F
Hosmer—Lemeshow £ 56 R4k A5 A v y K H Bootstrap %
(FEEZMHFE 1000 ¥K) FEATNEBIIE, P<0.05 Fn2ZEFH
Git#FE X,
2R
21 MASE5E—RIGKRARILE AUFRA DR BH
220 {4, H:th NPDR 41 119 i, PDR 41 101 ], T2DM 41
120 51, X BRZH 120 i, PUZHAF % #:50  BMI SBP . DBP |
TC TG .HDL-C .LDL-C .Cr .BUN [#, 22 3 Gt 5 X
(#] P>0.05) , T2DM £ .NPDR %1 .PDR 41 FPG .HbAlc ¥
X4, H PDR 41 8% R 9 %% 72 . FPG HbAlc & T
NPDR £ #1 T2DM 4H , NPDR 41 B J% % 955 #2 . FPG . HbAlc
=T T2DM 41 (¥ P<0.05) , L& 1,
22MES 5EMiE FSTL1 & ADAMTS13 7k F Eb &
T2DM 41 NPDR 4 .PDR 4 [fiL 7 FSTLI /K= T XF B4,
NPDR 4 .PDR 2H & T T2DM 41, PDR 415 T NPDR 4 (#
P<0.05) ;T2DM 21  NPDR 2 . PDR 4 Ifil. 7§ ADAMTS13 /K
AR TxF BEZH NPDR 41 . PDR ZHAX T T2DM 20, PDR ZH A%
F NPDR 41 (14 P<0.05) , L5 2,
2.3 PDR ARR S K E&E MiE FSTL1 & ADAMTS13 7k
Tk PDR AAF SR HE — R L 2R s it
R (4 P>0.05) B LI BT AR A S ) T
BN FSTLL K32 Wi 7t 5, ADAMTS13 7K1 32 7 F
%, Horb Vg VIZi g FSTLL K Fm TIVS:, I TV
(¥4 P<0.05) ;3 V& VIZ M #H ADAMTS13 KFAKF IV
K VIZALT V(3 P<0.05) , W% 3,

1 MASS5E—RIGRTHILER

S5 STHEZH (n=120)  T2DM 4 (n=120) NPDR#H(n=119) PDR 4 (n=101) FX? P

AR (X£S ) 56.92+8.15 57.21+8.30 57.36+8.25 57.45+8.22 0.091 0.965
PN (B2, i) 66/54 63/57 60/59 53/48 0.505 0.918
BMI(X%s kg/m?) 24.18+2.31 24.32+2.28 24.22+2.25 24.25+2.26 0.081 0.970
W R 5 (6], % ) 41(34.2) 46(38.3) 49(41.2) 40(39.6) 1.357 0.716
PRI S (B, %) 28(23.3) 32(26.7) 35(29.4) 30(29.7) 1.538 0.674
SBP (X %S, mmtg) 127.45£12.71 128.03+12.85 128.86+12.78 128.67+12.82 0.295 0.829
DBP (X %S ,mmHg) 76.52+8.25 76.18+8.09 77.05+8.36 76.98+8.37 0.285 0.836
PR AR (X£S ) 8.24+1.92 11.592.15° 14.66+2.44°° 242.564  <0.001
FPG(X %S ,mmol/L) 5.32+0.51 7.86+1.25 8.63x1.42"° 9.79£1.70""* 249.355  <0.001
HbAlc(X%£S,%) 5.41+0.45 6.78+0.95" 7.56+1.12" 8.84+1.40"°° 219.199  <0.001
TC(X %S, mmol/L) 4.78+0.71 4.80+0.73 4.83+0.75 4.84x0.74 0.160  0.923
TG(X%S,mmol/L) 1.60+0.42 1.62+0.42 1.63+0.43 1.66+0.44 0.373 0.773
HDL-C (XS, mmol/I.) 1.32+0.24 1.35+0.25 1.3320.21 1.310.22 0.618  0.604
LDL-C(X %S ,mmol/L) 2.74+0.60 2.82+0.63 2.85+0.65 2.89+0.68 1.117  0.342
Cr(X=£S, pmol/L) 72.54£10.25 72.91£10.32 73.16+10.45 73.13+10.48 0.089  0.966
BUN(X%S , mmol/L) 5.24+0.81 5.29+0.84 5.32£0.85 5.35+0.89 0.345 0.792

T T B [ AR AR B AT fRE R A I i B 25 L P<0.05 ws X IR ;©P<0.05 vs T2DM 4 ;°P<0.05 vs NPDR 4,
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2AEMNKREAENNERERARERGEKEMLER K
1712 moJ& ,PDR 41 101 5] g3 v, 33 1] A A= A0 ) 5% 9% , 68
B & A 07 5% B, WL D0 5% % 4B R S 0 R | FPG
HbAlc FSTL1 & TR J) 5% 2 41, ADAMTS13 /K-FAIL T
e SR 40 (3 P<0.001) , P 2H 32k BCVA 2 BCVA 7%
TR L, 2 R A Gt 2 (¥ P<0.001) . PIZL7ERE

WP VEGF 1697 OB IGEE | B 38 M TF AR 55 1 T4 it 43
MER TG F5E L (¥ P>0.05) , WLk 4,

25 PDREBZEZEAEMNEBENSEZS T LHESH
ELfE 5 A P<0.05 M4 {5 16 A8 5 (B PR A2 L FPG
HbAlc FSTLI  ADAMTS13) M 58 1lfs IR 78 B ( PDR 43 %% .
FLZEBCVA | BCVAZEALAE ) #E AT FL Ltk i B s 45 A R |

%2 MWMAS5EME FSTL1 & ADAMTS13 K FE b % xES
205 % FSTL1(ng/mL) ADAMTS13(pg/mL)
popilEi| 120 3.29+0.55 601.26+100.21
T2DM 41 120 4.01+0.67* 502.75+83.79*
NPDR 41 119 4.32£0.72% 448.66+74.75°
PDR 4 101 5.86+0.98 327.48+54.58%¢
F 233.158 218.026
P <0.001 <0.001
T 2 Xk BB 2 [ 7E A e A T B ARG A R 2 " P<0.05 ws % B4 ;©P<0.05 vs T2DM 4 ;°P<0.05 vs NPDR 4,
*3 PDRARESHKEZME FSTL1 K& ADAMTS13 7K FEEE
S V% (n=29) V&% (n=42) VIZ (n=30) F/X° P
AR (XS ) 57.31+8.19 57.48+8.26 57.55+8.21 0.007 0.993
PEB(CH, f) 15/14 22/20 16/14 0.016 0.992
BMI(X%S kg/m?) 24.21£2.23 24.27£2.28 24.25£2.25 0.006 0.994
W R S (151, 9% ) 11(37.93) 17(40.48) 12(40.00) 0.049 0.989
ARG S (B, %) 8(27.59) 13(30.95) 9(30.00) 0.095 0.954
SBP (XS, mmHg) 128.51+12.77 128.72+12.84 128.75+12.86 0.003 0.997
DBP (X %S ,mmHg) 76.89+8.31 77.01+8.39 77.03+8.40 0.002 0.998
FSTL1(X %S, ng/mL) 4.63+0.78 5.92+0.98° 6.98+1.17"¢ 41.631 <0.001
ADAMTS13(X %S, pe/mL) 386.53+66.08 328.98+54.83" 268.29+48.05" 32.353 <0.001
H:"P<0.05 vs V4% ;°P<0.05 s V&,
R4 FRANREREASANFERAEERKER LR
Ei=L7n S5 (n=68) I FRPH (n=33) e P
AR (X Es, %) 57.26+8.14 57.85+8.37 0.339 0.736
M5B/ 2, 1) 35/33 18/15 0.084 0.772
BMI(X£S,kg/m”) 24.29+2.28 24.162.23 0.271 0.787
WA S (1, 9% ) 24(35.29) 16(48.48) 1.616 0.204
PRI (B, %) 18(26.47) 12(36.36) 1.041 0.307
SBP (X %S, mmHg) 128.43+12.76 129.15+12.95 0.265 0.792
DBP(X%$ ,mmHg) 76.85£8.32 77.24£8.47 0.220 0.827
R (X £S ,a) 13.26+2.21 17.55+2.92 8.213 <0.001
FPG (XS, mmol/L) 9.34+1.62 10.72+1.85 3.831 <0.001
HbAlc(X%S,%) 8.43+1.35 9.68+1.49 4.218 <0.001
TC(X %S, mmol/L) 4.82+0.73 4.87+0.76 0.319 0.751
TG(X%S ,mmol/L) 1.64+0.42 1.69+0.47 0.540 0.591
HDL-C(X %S ,mmol/L) 1.33+0.22 1.28+0.21 1.087 0.280
LDL-C(X%S , mmol/L) 2.86+0.67 2.9420.69 0.557 0.579
Cr(X£S, umol/L) 72.95+10.45 73.51£10.53 0.252 0.802
BUN(X %S, mmol/L) 5.32+0.88 5.40+0.91 0.424 0.673
FSTL1(X %S, ng/mL) 5.28+0.88 7.06+1.19 8.468 <0.001
ADAMTS13(X£S ,pg/mL) 359.47+59.92 261.55+43.59 8.366 <0.001
H2E BCVA(X£S, LogMAR) 0.40+0.10 0.68+0.12 12.349 <0.001
BCVA Z54k{f (X%, LogMAR) 0.04+0.01 0.17+0.05 20.706 <0.001
BT VEGF 3897 (19, %) 32(47.06) 18(54.55) 0.501 0.479
WOLICHE (1], %) 28(41.18) 16(48.48) 0.488 0.485
B IRTFAR (H#1,%) 15(22.06) 9(27.27) 0.341 0.559
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FPG HbAle fETERRILL M (T 2K K +>10) , 7 41
% FPG ( VIF = 12.56) . HbAlc ( VIF = 13.04) . PDR 4+ %%
(VIF=13.27) . %4 BCVA ( VIF = 12.33) .BCVA 7“4k {H
(VIF=11.83) , e 205 B8 W5 IR i #2 . FSTL1 , ADAMTSI13,
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