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Associations between eNOS gene G894T polymorphism and
susceptibility to diabetic nephropathy: A Meta-analysis

HU Ling, WANG Sisi, ZHOU Leting, SUN Zhuxing
(Department of Nephrology, Wuxi People's Hospital Affiliated to Nanjing Medical University, Wuxi Jiangsu 214023, China)

Abstract Objective: To assess the relationship between endothelial nitric oxide synthase (eNOS) gene G894T
polymorphism and the susceptibility to diabetic nephropathy (DN) via Meta-analysis. Methods: Articles
related to eNOS gene G894T polymorphism and susceptibility to DN were comprehensively retrieved from the
establishment of the database to June 2019, and the quality of the included articles was evaluated according to the
Newcastle-Ottawa Scale (NOS) standard. The STATA15.0 was used to evaluate the association between eNOS
gene G894T polymorphism and the susceptibility to DN by calculating the incidence risk odds ratio (OR) and
95% confidence interval (CI). Results: A total of twenty-nine studies were eligible for the Meta-analysis, including

S 345 cases in the experimental group and 4 827 cases in the control group. The result showed that eNOS gene
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G894T polymorphism significantly increase the susceptibility to DN [allele model T vs G: OR=1.39 (95%CI: 1.19
to 1.64), P<0.001; homozygous model TT vs GG: OR=1.34 (95%CI: 1.02 to 1.77), P=0.038; dominant model
TI+GT vs GG: OR=1.48 (95%CI: 1.21 to 1.81), P<0.001; recessive model TT vs GT+GG: OR=1.30 (95%CI: 1.04
to 1.61), P=0.022; heterozygote model GT vs GG: OR=1.43 (95%CI: 1.17 to 1.75), P=0.001]. Conclusion: The

data suggests that the eNOS gene G894 T polymorphism could increase the susceptibility to DN significantly.

Keywords

D N 2 B JR % e % L A i 4 9 & 2 —
S R B i B R AR R R — Rk
Z (nitric oxide, NO)W X5 IfiL i 30 71 5 BB /N
BRI S RE AT T, X 4R R A5 A T T fig
HEAE . SAEYIRINOA R Z M 2 2N O
i 3 (A T R o 1O A = o 1| B S8
AZ B R, Nmg R E R ED . N —
A AL A A i (endothelial nitric oxide synthase,
eNOS)JENO A it Fe i (1 SCHE B . A\ JeeNOSHE
BT 75 e fk, WE26 oM &2st A
G, K2l kpl, G894TZ S eNOSH N &
7HNE T 894N B AL GRAE AT, S EUGN AL E A
PR A E R N R AR R, B TS A i IR
RUAR i BB B AL, DTS2 M e N O ST 14 M NO Y A=
i, DN F BN

HATE A IFZ X TeNOSHKG4TZ A S
DN & KU B AR e 5, (25 RABAFAE i . A
WF 52 R FH 25 240 A 4 20 2 3 O A G 98 il AT 6 A
AIMT . NI FRAS B 0] 5 A A IE 1€ 24 TE 35

1 AR S

1.1 SCHRAS 5 R BE

A5 Ki % PubMed ., Embase., Medline, [
RO AR BRI T O BRI L R AR R e
SCHR K 5 25 SOOI, KR DIk 2019
AR6 A A RIS R I SCSCRR . B SO R R R 5k
H1a] FZ 045 . endothelial nitric oxide synthase
eNOS., NOS3. G894T . rs1799983. eNOS
polymorphism /2 diabetic nephropathy, DN, H 3%k
B PR A R S B ] AL eNOS . NOS3. G894T,
rs1799983, eNOSHEN Z AN, WM —H RS
B FEDIZ 2SR ORI R ORI AT O
P DN, i EER RIS S TR R .

NABRUE: 1)ZNABTIE I i BRAIESE 5 2) BF
FEMRANE; 3)F M NDNEF, X IR b
PRI AR B 5 8 5 4) A A3 K PR PR By A T AR
SCHER R ARAS 5 ) SCHERTE AR A i S0 de 30, HERR AR

eNOS gene; G894T polymorphism; diabetic nephropathy; susceptibility

e 1) SCER P B AN e B, S R R e R R Ay
A Bs JC ik AAT A 5 2) Jo Al IR S SCRik; 3)H R
RS 5 4) YR B 2R 26 SOk

1.2 HFEEMESREITFH

H1 244 BIF 5 3 M 5 5 B SC R U 38 B2 Bk B
0 B WA — SO i e PR B 2R 3L ST
OB TR o RICTTRMO S R R SO R
IpE] REASHE | RRAS ML IX |k PN R TN R O3 A 1
DU PRI 7 55 o TN O S 36 4 A SCiik
AT BRI, AR T AN e . RF
PRA PR AR BRIy, B 9. TR T 78
AN R IR SCHK 4590 4~7 v 2 e SO

1.3 GitF4bE

K Statal S.ORK RT3 B, 4 52 56 21 Je X
MR FE SR FE IR (T vs G) . 45 THAEI(TT vs
GG). WMREEA(TT+GT vs GG) . [athistfG i
AI(TT vs GT+GG) . Z4A T (GT vs GG) L AT
o, @it B ORKL9SHCIVEAL G894T £ 1tk 5
DN BEPER R o R QR 36 i 47 5 JoL 1% 43 A7
#7P>0.1, PRI Z TR /N, SR E R
N A RYHEAT BT, 22 1k R AL RN A A 3 i
Bgger'st 45 PFAl & R far, 45 P>0.05$2 /R A5 A
FEAE R R -

2 #HR

21 XHKRERLER

MO K6 2 S W Gt SC k32958, &8 ad T
T fe &0 A 295 SCHRIY, 1 DL SC Rk 07 0k i R
(1) o 9 A SCRRE R 19 6 BRI 5% (4045 5 34501
DN K4 8276 B IR AR B B ), Horp 3k
SCSCHR17ES, T Sr Sk 1258 . g0 AREAS Hb X A 3
LB, B WORRI ., E . JFs . R
Koo BHA, #E . EFE . . REH . YRR
A, A B SCHRE I NOSFRIETESY , TE4A7E6~7
Z ), 2 BB A SCHR TR T AR (1) .



eNOS JEH G894T L8 SHE IR B o) B 2525 00 %, 4% 625
| s RO =) |
y R RE T AR5 (n=161)
| AN B S | #hiiit 2247 (1=79)
HEBRFEA (15 9 Z A5 (n=46)
A\
A\
[ memaamxie-s) |
Bl1 S afkiFE i iz
Figure 1 Flowchart of the study selection process
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Table 1 Distribution of eNOS gene G894T polymorphism in the experimental group and the control group
. G894TH: K Z A 4311
ER (S o #ﬂﬁﬁ(ﬁ SEGEH poyiike| HWE NOS
Ay AR A War
GG GI 1T G T GG GI' T G T P
Ahluwalia™ 2008 F§WE 270 82 81 32 245 145 125 105 25 355 155  0.669 6
El-Din Bessa” 2011 AEMH 2% 10 18 12 38 42 17 19 4 53 27  0.69% 6
Cai™ 1998 FAFf 2B 65 44 7 174 S8 148 109 27 405 163  0.295 6
Cheema" 2013 PFgFE 2% 118 150 S1 386 252 240 201 49 681 299  0.470 6
Ezzidi"” 2007 AEPH 2% 185 247 81 617 409 165 195 41 525 277  0.131 7
Huo"" 2015 AW 2% 373 54 4 800 62 315 92 13 722 118 0.057 6
Mollsten"? 2006  HFP 17 492 365 89 1349 543 268 232 51 768 334 0.938 6
Mollsten™? 2009 EF 1Al 203 133 32 719 197 182 121 16 546 153 0471 6
Mackawy!" 2014 PHIF 2% 15 1S 10 45 35 16 17 49 38  0.508 6
Narne! 2014 F§F. 2K 85 64 3 234 76 114 46 2 274 50 0263 7
Rahimi" 2012 PHW 208 68 45 13 185 71 39 17 7 95 31  0.030 6
Shoukry"'” 2012 B 2Kl 66 94 40 226 174 99 77 24 275 125 0.141 7
Santos'"” 2011 FHf 280 176 166 32 S18 230 118 95 22 331 139  0.651 7
Shin""”’ 2004 AW 2% 95 23 0 213 23 52 7 0 111 7  0.628 7
Tamemoto'™” 2008 W KK 104 18 2 226 22 181 27 3 389 33 0.130 7
Tiwari>" 2000 I 27 144 45 7 333 59 147 59 14 353 87  0.020 6
Moguio*” 2017 AEM 29 105 46 12 256 70 16 18 2 50 22 0285 7
LTI 201 AW 2% s8 1S 13 131 41 110 26 9 246 44 <0.001 6
Py 2016 KW 21 23 18 0 64 18 22 12 0 6 12 0211 6
A 2005 ZIF 2% 39 30 0 108 30 49 1S 0 113 15  0.288 7
ARG 2012 AW 2% 31 29 0 91 29 44 16 0 104 16 0233 6
fFIEZE” 2007 AW 2% 33 28 0 94 28 64 14 0 142 14 0384 6
2] 2002 KW 2% 44 34 1 122 36 49 1S 0 113 15  0.88 7
B 2004 AW 2% s7 37 0 1s1 37 8 1S 0 185 15 0417 7
ESqline 2002 AW 2% 44 34 1 122 36 49 15 0 113 15 0228 6
E izt 2003 AW 2% 27 18 0 72 18 42 10 0 94 10 0443 7
Iy 4yl 2006 KW 280 125 42 0 292 42 11§ 17 0 247 17 0429 6
e ! 2012 AR 28 22 17 0 sS4 24 38 11 0 8 12 0376 7
F Y 2005 ZRW 2% 33 28 0 94 28 64 14 0 142 14 0384 6
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22 BESWMER PEREA (TT+GT vs GG): OR=1.48(95%CI:

eNOSK N G894T Z B M7 T A1 L A | 1.21~1.81), P<0.001; FAPEEAI(TT vs GG+GT):
DN GXMAM LB HFAEN RS ITF 25 OR=1.30(95%CI: 1.04~1.63), P=0.022; Z& T
AN R A (T vs G): OR=1.39(95%CI: (TG vs GG): OR=1.43(95%CI: 1.17~1.75),
1.19~1.64), P<0.001; 44 TR (TT vs GG): P=0.001(52), VAZENBEBAIT vs G, FRAK

OR=1.34(95%CI: 1.02~1.77), P=0.038; & EnE2 .,

F2eNOSEFG8M4TE S ESDNG BN EZE ST (IRIBAR X K& AFH)
Table 2 The Meta-analysis results of the association between eNOS gene G894T polymorphism and susceptibility to diabetic

nephropathy (according to different regions and races)

TR Vol SCHERER r P, OR 95% 1 {5 X [H] P

TvsG RN 29 78.3% <0.001 (RE) 1.39 1.19~1.64 <0.001
E e Sis) s A 22 77.1% <0.001 (RE) 1.61 1.29~1.99 <0.001
[N 2 0.0% 0.690 (FE) 1.11 0.76~1.62 0.605

W 5 75.6% 0.003 (RE) 1.35 1.03~1.77 0.027

R 15 80.9% <0.001 (RE) 1.89 1.31-2.73 0.001

e 3 76.9% 0.013 (RE) 1.18 0.68~2.05 0.551

i 4 0.00% 0.695 (FE) 0.95 0.85~1.06 0.377

TI vs GG YN 29 53.1% 0.003 (RE) 1.34 1.02~1.77 0.038
ali A AEIH 22 50.6% 0.022 (RE) 1.46 0.97~2.21 0.068
P 2 0.0% 0.652 (FE) 1.23 0.57~2.66 0.591

R S 53.7% 0.071 (RE) 1.73 1.08~2.76 0.022

IR 15 63.9% 0.026 (RE) 1.24 0.35~4.36 0.734

e 3 31.0% 0.235 (FE) 1.86 1.25~2.76 0.002

A 4 0.00% 0.610 (FE) 0.96 0.73~1.25 0.744
TT+GT vs GG PSRN 29 79.0% <0.001 (RE) 1.48 1.21~1.81 <0.001
b AR S 22 76.5% <0.001 (RE) 1.77 1.37~2.29 <0.001
PHIE 2 0.0% 0.691 (FE) 1.29 0.78~2.15 0.324

B 5 72.6% 0.006 (RE) 1.43 1.03~1.99 0.033

R 15 81.0% <0.001 (RE) 2.08 1.38~3.14 0.000

AEM 3 77.0% 0.013 (RE) 1.04 0.49~2.23 0.914

1 4 15.0% 0.317 (FE) 0.88 0.77~1.02 0.088

TT vs GT+GG J=YrN 29 37.1% 0.053 (RE) 1.30 1.04~1.63 0.022
[ IV 22 34.7% 0.113 (FE) 1.45 1.15~1.82 0.002
[N 2 2 0.0% 0.472 (FE) 1.17 0.57~2.42 0.670

R 5 29.7% 0.224 (FE) 1.58 1.21~2.07 0.001

R 15 58.2% 0.048 (RE) 1.18 0.37~3.76 0.779

|l 3 0.00% 0.412 (FE) 1.77 1.22~2.55 0.003

A 4 0.0% 0.452 (FE) 1.00 0.78~1.30 0.978

TG vs GG JEEEN 29 77.1% <0.001 (RE) 1.43 1.17~1.75 0.001
A TR IV 22 73.5% <0.001 (RE) 1.73 1.35~2.23 <0.001
PHI 2 0.0% 0.436 (FE) 1.30 0.75~2.28 0.352

12K 5 61.5% 0.034 (RE) 1.37 1.02~1.84 0.035
IRIE 15 79.0% <0.001 (RE) 2.04 1.37~3.04 <0.001

e 3 73.3% 0.024 (RE) 0.88 0.42~1.85 0.743

1 4 43.8% 0.149 (FE) 0.87 0.75~1.01 0.067

RE: FEOLEOVAIRL; FE: [ RN,
RE: Random effect model; FE: Fixed effect model.
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Study %
D OR (95% Cl) Weight
Ahluwalia2008 - 1.36(1.03,1.79) 4.52
Bessa2011 —{—o— 217 (1.15,4.11) 287
Cai1998 —_— ! 0.83(0.58,1.17) 4.20
Cheema2013 —— 1.49(1.21,1.83) 4.80
Ezzidi2007 —4-{- 1.26 (1.04, 1.52) 4.87
Hu02015 — : 0.47 (0.34, 0.66) 4.31
Mollsten2006 - 0.93(0.79,1.09) 4.96
Mollsten2009 —_—— : 0.98(0.77,1.24) 469
Mackawy2014 —"—:— 1.00(0.54,1.85) 297
Narne2014 —_— 1.78(1.20,2.65) 3.96
Rahimi2012 —-0-}— 1.18(0.72,1.92) 3.52
Shoukry2012 —— 1.69(1.27,2.26) 4.47
Santos2011 —— 1.06 (0.82, 1.36) 4.63
Shin2004 : 1.71(0.71,4.11) 205
Tamemoto2008 —-0—:— 1.15(065,2.02) 3.18
Tiwari2009 —_— 0.72(0.50,1.03) 4.13
Moguio2017 —_— 0.62(0.35,1.10) 3.17
F 52015 [ — 1.75(1.09,2.81) 3.59
%1£2016 —_— 1.31(0.58,2.96) 224
=5 £2005 —_— 2.09(1.07,4.10) 273
H 232012 —_— 2.07(1.06,4.06) 2.73
1 E%2007 : —— 3.02(1.51,6.04) 265
Z= £ #2002 —1—0— 2.22(1.16,4.28) 2.80
= £ %2004 { ——————  302(160,5.72) 287
2 71,2002 —.—— 2.22(1.16,4.28) 2.80
2 #2003 N 2.35(1.02,5.40) 2.18
E®iE2012 ( 3.19(1.47,6.89) 237
2 £%2007 _ 2.09(1.16,3.76) 3.08
X #2005 ! 3.02(1.51,6.04) 265
Overall (I-squared = 78.3%, p = 0.000) <> 1.39(119 1.64) 100.00
NOTE: Weights are from random effects analysis }
T T
145 1 6.89

[E2 eNOS G8M4TEE S5 SDNS BN F MR E (EMEEEE: TvsG)
Figure 2 Forest map of eNOS G894T gene polymorphism and susceptibility to DN (allele model: T vs G)
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1.29~1.99), P<0.001; WA (TT+GT vs ai G FHA(TT vs GG): OR=1.41(95%CI:
GG): OR=1.77(95%CI: 1.37~2.29), P<0.001; 1.01~1.96), P=0.042; WM (TT+GT vs
Bt A 8 (TT vs GG+GT): OR=1.45(95%CI: GG): OR=1.60(95%CI: 1.28~1.99), P<0.001;
1.15~1.82), P=0.002; ZH FHHEI(TG vs GG): Bt AR A (TT vs GG+GT): OR=1.33(95%CI:

OR=1.73(95%CI: 1.35~2.23), P<0.001]. fijfE [ 1.01~1.75), P=0.043; A THEIAI(TG vs GG):
FhONBEH, KRR eNOSHFG894TZEMES5DN OR=1.55(95%CI: 1.24~1.92), P<0.001; 3],
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W, Z5RE/ReNOSHFNG894T £ A1 ] i) 35 14 2.3 MW REREE

ﬁnﬁﬂﬂi&LAﬁiFé%DNﬂ’Jﬂ»/[#M%*ﬁﬂ(T A 5T 53 0 AE S B ast A% B AU - E Ay R
vs G): OR=1.35(95%CI: 1.03~1.77), P=0.027; éﬂ‘ﬁ DLV R T vs GBI, & — B
i TR (TT vs GG): OR=1.73(95%CI: — ARG, SIFORLE MM, s
1.08~2.76), P=0.022; BPYEMHI(TT+GT vs m,\ﬁﬁi?&ﬂﬁm PE, D45 52 MG &R 5
GG)- OR=1.43(95%CI: 1.03~1.99), P=0.033; (K3),

BEAERE(TT vs GG+GT): OR=1.58(95%CI: il i Begger' st S AT 73 1, SR BoRTE A
1.21~2.07), P=0.001; Z%& THRI(TG vs GG): WAL 1 P>0.05, kmﬁﬁﬁﬁt%%ﬁ%k%

OR=1.37(95%CI: 1.02~1.84), P=0.035; #2]. P o
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3 eNOSEFEG894TE M SDNG BIENEZE N T (IRIBIER K EE)

Table 3 Meta-analysis results of the association between eNOS gene G894T polymorphism and susceptibility to diabetic

nephropathy (according to the types of diabetes mellitus)

R Gl SCHRECEE r Py OR 959% Al {5 [X.[A] p
TvsG 27 26 77.8% <0.001 (RE) 1.48 1.23~1.77 <0.001
S SE PRI 13 2 0.00% 0.710 (FE) 0.94 0.82~1.08 0.382
T vs GG 27 26 54.8% 0.004 (RE) 1.41 1.01~1.96 0.042
ali AR 1 2 0.00% 0.473 (FE) 1.02 0.74~1.41 0.897
TI+GT vs GG 20 26 76.8% <0.001 (RE) 1.60 1.28~1.99 <0.001
S AR 171 2 0.00% 0.398 (FE) 0.83 0.70~0.98 0.031
TT vs GT+GG 2 26 42.4% 0.038 (RE) 1.33 1.01~1.75 0.043
AR 17 2 0.00% 0.360 (FE) 1.11 0.81~1.52 0.506
TG vs GG 2 26 74.1% <0.001 (RE) 1.55 1.24~1.92 <0.001
Heb T 17 2 27.4% 0.241 (FE) 0.79 0.68~0.95 0.012

RE: FEHLEONALAL; FE: [&E RO,
RE: Random effect model; FE: Fixed effect model.

Meta-analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit

Ahluwalia2008

Cai1998
Cheema2013
Ezzidi2007
Huo2015
Mollsten2006
Mollsten2009
Mackawy2014

Shoukry2012
Santos2011
Shin2004

1.63 1.82

B3 B BRES—TMNARRENHREINTER(FAEERKE: TvsG)

Figure 3 Sensitivity analysis results obtained by removing each inclusion study (allele model: T vs G)
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