Taylor & Francis
Taylor & Francis Group

Renal Failure

ISSN: 0886-022X (Print) 1525-6049 (Online) Journal homepage: informahealthcare.com/journals/irnf20

A meta-analysis on the relationship of eNOS
4b/a polymorphism and diabetic nephropathy
susceptibility

Rong Zeng, Lei Duan, Lina Sun, Yuke Kong, Xiaolu Wu, Ya Wang, Gang Xin &
Kehu Yang

To cite this article: Rong Zeng, Lei Duan, Lina Sun, Yuke Kong, Xiaolu Wu, Ya Wang,

Gang Xin & Kehu Yang (2014) A meta-analysis on the relationship of eNOS 4b/a
polymorphism and diabetic nephropathy susceptibility, Renal Failure, 36:10, 1520-1535, DOI:
10.3109/0886022X.2014.958955

To link to this article: https://doi.org/10.3109/0886022X.2014.958955

ﬁ Published online: 08 Oct 2014.

\]
CJ/ Submit your article to this journal &

||I| Article views: 740

A
& View related articles &'

@ View Crossmark data ('

CrossMark

Eal Citing articles: 1 View citing articles &

Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journallnformation?journalCode=irnf20


https://informahealthcare.com/action/journalInformation?journalCode=irnf20
https://informahealthcare.com/journals/irnf20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.3109/0886022X.2014.958955
https://doi.org/10.3109/0886022X.2014.958955
https://informahealthcare.com/action/authorSubmission?journalCode=irnf20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=irnf20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.3109/0886022X.2014.958955?src=pdf
https://informahealthcare.com/doi/mlt/10.3109/0886022X.2014.958955?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.3109/0886022X.2014.958955&domain=pdf&date_stamp=08 Oct 2014
http://crossmark.crossref.org/dialog/?doi=10.3109/0886022X.2014.958955&domain=pdf&date_stamp=08 Oct 2014
https://informahealthcare.com/doi/citedby/10.3109/0886022X.2014.958955?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/0886022X.2014.958955?src=pdf

http://informahealthcare.com/rnf
ISSN: 0886-022X (print), 1525-6049 (electronic)

RENAL
FAILURE

Ren Fail, 2014; 36(10): 1520-1535

© 2014 Informa Healthcare USA, Inc. DOI: 10.3109/0886022X.2014.958955

informa

healthcare

CLINICAL STUDY

A meta-analysis on the relationship of eNOS 4b/a polymorphism and

diabetic nephropathy susceptibility

Rong Zeng1'2, Lei Duan'?, Lina Sun3, Yuke Kongz, Xiaolu Wu?, Ya Wangz, Gang Xin?, and Kehu Yang1

'Evidence-Based Medicine Center of Lanzhou University, Lanzhou, Gansu, China, °The Second Hospital, Lanzhou University, Lanzhou, Gansu, China,

and >The First Clinical Medical School, Lanzhou University, Lanzhou, Gansu, China

Abstract

To clarify the effect of nitric oxide synthase (NOS) type Il 4b/a polymorphism on the
susceptibility to diabetic nephropathy (DN) by meta-analysis, we performed a computerized
search of PubMed, EMBASE, Chinese BioMedical Literature Database, China Science and
Technology Journal Database, Chinese Journal Full-text Database and WanFang to identity
case—control studies on relationship between NOS type Il 4b/a polymorphism and the
susceptibility to DN. Statistic analysis and heterogeneity test were conducted by StataSE12. The
meta-analysis involved 26 studies for DN comparing with diabetes mellitus (DM) and 15 studies
for DN comparing with healthy persons, which provided 6144/4900 cases/controls and 2134/
2348 cases/controls, respectively. Moderate heterogeneity was found among including studies.
The qualities of half studies are low. Meta-analysis derived a significant association between the
NOS type Il 4b/a and the risk of developing DN in Asian population. The sensitivity analysis
(exclusion of studies not in Hardy-Weinberg equilibrium) produced non-significant changes.
Compared with diabetes patients, the pre-allele model produced certain association in global
populations [odds ratio (OR)=1.26, 95% confidence interval (95% Cl): 1.10-1.45], significant
association in Asian population (OR=1.51, 95% Cl: 1.13-2.01) and certain association in type 2
DM patients (OR=1.29, 95% Cl: 1.09-1.54). Only in the dominant model, the funnel plot and
Egger’s test provided evidence of publication bias (p = 0.024). Overall, although there is some
evidence of association between NOS type Il 4b/a polymorphism and DN in Asian population,
the more reliable findings need further and more rigorous, prospective and high-quality
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studies.

Introduction

Diabetic nephropathy (DN) is one of the most devastating
microvascular complications in patients with diabetes melli-
tus (DM). It occurs in 30%—40% of patients with type 1
diabetes mellitus (T1DM), 20-25 years after disease onset
and in an increasing percentage (up to 25%) of type 2 diabetes
mellitus (T2DM) patients after a variable number of years.'
The typical clinical course of DN includes five consecutive
stages, overt DN is strictly defined based on the existence of
proteinuria (UAER >20pg/min or AER >30mg/d) and/or
renal failure.” The risk of DN is greater when exposes to
hyperglycemic environment, hyperlipidemia, hypertension
and obesity. But not every DM patient develops into DN
when exposes above, the specific etiology is undiscovered.
Most studies indicate the development of DN is multifactor-
ial, which involves both environmental and genetic factors,
and it is widely accepted that individuals with DM may be at
different levels of susceptibility to nephropathy. Several genes
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have been implicated in DN.>* Nevertheless, which gene is
the modest risk for susceptibility of DN has not yet been
interpreted. Vascular endothelial dysfunction resulting from
impaired nitric oxide synthase (NOS) in the endothelial cells
of blood vessels has been shown to be a crucial pathophy-
siologic denominator for DN.>® Three distinct isoforms of
NOS have been identified in humans: neuronal NOS (nNOS
or NOS1), inducible NOS (iNOS or NOS2) and endothelial
NOS (eNOS or NOS3).” NOS3 are a family of enzymes
catalyzing the production of nitric oxide (NO) from
L-arginine. NO is an important cellular signaling molecule,
it diffuses from the endothelium to the vascular smooth
muscle cells, where it increases the concentration of cGMP by
stimulating soluble guanylate cyclase, leading to vascular
relaxation.® NOS3 is found in the glomerular afferent and
efferent arterioles,9 generates NO in blood vessels and is
involved with regulating vascular function.'® Human NOS3
is encoded by a gene located on chromosome 7q35-36
comprising a 26 exons-25 introns, and its predominant form
has 133KDa."'

There are numerous studies focusing on genetic poly-
morphisms in NOS3 and DN. Three single-nucleotide poly-
morphism in the promoter region [the intron 4 27-bp repeat
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(4b/a), the G894T missense mutation in exon 7 and the
T786C] in NOS3 have attracted much attention.'>™'* 4b/a was
reported to be associated with DN according to functional
experiments, but the results of association is still controversial
or inconclusive.'>™'® These studies were based on a limited
sample size or samples of different ethnicities, genotyping
procedures and so on, the controls that studies chosen were
different. Therefore, the conclusion of these studies may be
inadequate. To shed some light on these controversial results
and better address the association between NOS3 polymorph-
ism and DN risk, we performed a meta-analysis based on all
eligible available population-based association studies relat-
ing variants of the NOS3 gene to the risk of DN. We will
discuss the association when comparing disparate controls
DM patients and non-DM populations (that is healthy
populations). Furthermore, we will explore the association
based on different ethnicity and type of DM.

Materials and methods
Search strategy

We carried out a computerized literature search of PubMed,
EMBASE, Chinese BioMedical Literature Database, China
Science and Technology Journal Database, Chinese Journal
Full-text Database and WanFang Data by using the Boolean
combinations of keywords (diabetic nephropathy* or diabetic
kidney disease* or diabetic renal disease* or DN) and
(Polymorphism* or SNP*) and (NOS or eNOS or NOS3 or
ecNOS or NOS or 4b/a). We also searched Google
complementally (http://scholar.google.com./). All references
cited by identified eligible studies and previous reviews were
scrutinized to find additional literatures not indexed by the
database. The search strategy covered all language publica-
tions from inception to 14 October 2013.

Inclusion/exclusion criteria

Studies included had to meet all the following criteria:
(1) studies examined the hypothesis that NOS3 4b/a poly-
morphism was associated with DN; (2) diabetic patients
without nephropathy or non-DM crowd or both were chose as
controls; (3) they were case—control studies determined an
estimate of odds ratio (OR) together with the corresponding
95% confidence interval (95% CI); (4) studies provided
genotypes or alleles distribution in both case and control
groups; (5) DN diagnosed by criterion of WHO,' or met
UAER >30mg/d or AER >20 mg/min (that is stage three and
above). When genotypes or alleles distribution were not
available, authors were contacted to request the relevant
information.

Studies excluded when they met any criteria as follows:
(1) studies were repetitive or the subject groups investigated
overlapped with each other; (2) studies did not focus on
etiology; (3) genotypes or alleles distribution in DN were
miscellaneous data contained first or second stage; and (4) the
effective information were not available although contacted
authors.

We conducted twice preliminary test to ensure consistency.
The screenings of the abstracts/titles and full-text articles
were performed by two authors independently to reduce
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reviewer bias and errors. Any disagreements with them were
resolved by discussion or the involvement of another author.

Data extraction

We extracted the following information from each study: first
author, publication year, ethnicity of subject, clinical charac-
teristics including gender, age, body mass index (BMI),
diabetes duration in case groups, systolic blood pressure
(SBP) and diastolic blood pressure (DBP), type of DM,
genotyping method, the source of DM/DN patient and status
of non-DM controls, diagnostic criteria of DM and DN and
the numbers of cases, controls and their subgroups. The
percentages of genotype and allele distribution were extracted
or calculated for both cases and controls, also their subgroups.

We made data extraction table and conducted twice
preliminary test to ensure data’s integrity and screening’s
consistency. Eligibility judgment and data extraction were
recorded and carried out independently by two authors in a
standardized manner. Any disagreements with them were
resolved by discussion or the involvement of another author.

Quality assessment

Although there is no widely agreed quality criteria for
assessing case—control studies, the Newcastle-Ottawa Scale
(NOS), which had been used in training of the Cochrane Non-
Randomized Studies Methods Group,?® was judged by Deeks
et al.>! to be suitable for use in a systematic review. NOS was
developed to assess the quality of case—control studies and
cohort studies in the interpretation of meta-analytic results.
Scoring of NOS was a ‘‘star system’’ and based on three
broad perspectives: the selection of the study groups; the
comparability of the groups; and the ascertainment of either
the exposure or outcome of interest for case—control or cohort
studies respectively.”? There can be nine stars at most. As
showed in published study, the study quality of NOS can be
defined three categories: the study was considered to have
high quality (low risk of bias) if it obtained seven stars or
above, studies that got one or zero for selection or zero for
comparability or for exposure were categorized as having
low quality (high risk of bias), studies that gained in between
were considered as having medium quality (moderate risk
of bias).?

We conducted twice preliminary test to ensure data’s
integrity and screening’s consistency. Quality assessments
were recorded and carried out independently by two authors.
Any disagreements with them were resolved by discussion or
the involvement of another author.

Data synthesis and analysis

OR and 95% CI were used to assess the strength of association
between NOS3 4b/a polymorphisms and DN compared with
DM and non-DM crowed for per-allele genetic model (4a vs.
4b), dominant genetic model (4aa+4ab vs. 4bb), reces-
sive genetic model (4aa vs. 4ab+4bb), additive genetic
model (4aa vs. 4bb), co-dominant genetic model (4ab vs.
4aa + 4bb)**. Between-study heterogeneity was assessed by
the inconsistency index I* statistic (ranging from 0 to 100%).
An > <50% indicates that heterogeneity is minor, and we can
select fixed effects model (FEM) using the Mantel-Haenszel



1522 R. Zeng et al.

method, otherwise random effects model (REM) using the
DerSimonian and Laird method was employed.”>°
Satisfaction of NOS3 4b/a genotypes with Hardy-Weinberg
proportions was tested by the x? test in DN group and control
(DM and non-DM) groups, a p>0.05 indicates that controls
are in Hardy—Weinberg equilibrium (HWE).

When the hypothesis of homogeneity was rejected by the
I statistic, subgroup analysis was conducted in order to
explore potential moderating factors for heterogeneity.”> In
our study, subgroup analyses were conducted for ethnicity,
type of DM, diabetes duration, report of age and BMI,
genotyping method, control (DM or non-DM), source of DM/
DN and status of HWE in control groups. The ethnic category
based on the ‘‘nine geographic race’’?’ and skin color,
respectively.

The potential publication bias was examined by funnel plot
symmetry. A symmetric funnel shape indicates that publica-
tion bias is unlikely, but an asymmetric funnel suggests the
possibility of publication bias. Then Egger’s test was further
used to test for publication bias objectively. The significance
of the intercept was determined by the 7 test, and a p <0.1 was
considered significantly.”® We performed sensitivity analysis
to examine the effect of excluding specific studies and test the
robustness of result. The analyses used the statistical software
StataSE12.0 (Stata Corp LP, College Station, TX).

Results
Study selection

A flow chart describing the screening process is presented. As
shown in Figure 1, 346 references were found with our search
criterion. Screened by titles and abstracts, we rejected 272

Figure 1. Selection process of references for
the meta-analysis.
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references. Based on the full-text of other 74 references, only
26 references that investigated the association between 4a/b
polymorphisms and DN met our criteria.'>'*%°° The most
important reasons for exclusion were as follows: the subject
groups investigated overlapped with each other (n = 12); the
genes that focused by studies were not 4b/a (n = 11); the type
of studies were not case—control studies (n=9); and the
patients that focused by studies were not patients with DN
(n=17). Other reasons included the following: studies did not
focus on etiology (n = 3); genotypes or alleles distribution in
DN were miscellaneous data contained first or second stage
(n=2); the effective information were not available because
meeting abstracts were not published (n=2); and authors
were not contacted (n=2). We did not find any references
that met our inclusion and exclusion criteria through Google
and scrutinizing references.

Characteristics of studies included

A list of details abstracted from each study included in the
meta-analysis is listed in Table 1. The studies in this meta-
analysis, including 25 journal articles and 1 master’s thesis,
were published from 2000 to 2013. Three of included studies
had researched patients from different geographic areas,
because different prevalence of DN, they were treated as
independent studies,>*4350 Furthermore, one of included
studies that had researched both TIDM patients and T2DM
patients was treated as two independent studies.”® Hence, the
31 references including 6144 cases and 4900 DM controls
were included for our meta-analysis, 15 references including
2134 cases and 2348 non-DM controls were included. Among
included studies, three studies had reported three allele (a, b
and c allele) and four genotypes (b/b, b/a, a/a and b/c),'®**~°

PubMed n=58; EMBASE n=103;
CBM n=37; CJFD n=33; CSTJ n=63;
WanFang n=52

abstract

control study (n=65)

patient (n=13)
3. Other genes (n=32)

(n=2)

Excluded based on title or

1. Studies were not case

2. Patients were not DN

4. Studies were repetitive

n=346
Duplicate removed by Endnote
» (n=81); artificial duplicate removal
Y (n=79)
n=186

Excluded based on full-text

1. Studies’ data were repetitive (n=12)
2. Other genes (n=11)

3. Studies were not case control study

n=74 (n=9)

4. Patients were not DN patient (n=7)

5. Studies were not focus on etiology
(n=3)
6. Miscellaneous data (n=2)

v 7. Meeting abstracts were not publish

n=26 (n=2)
8. Information were not available

although contacted authors (n=2)
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that distinguish from other studies. Our data analysis did not
include c allele and b/c genotype, but the number of cases was
invariable. According to ‘‘nine geographic race’’, populations
were categorized into Asian, Caucasian, African and Indian.
Basing on skin color, populations were categorized into
Asian, which is just the synthesis of Asian and Indian in
“‘nine geographic race’’, and Caucasian, African. So, the
following analyses were conducted according to ‘‘nine
geographic race’’ preferentially. Seventeen studies were on
Asian population, 10 studies were about Caucasian popula-
tion, 2 studies were about African population and 2 studies
were about Indian population. Five studies focused on T1DM,
and 26 studies paid attention to T2DM. When chose non-DM
crowed as controls, there were not studies focused on T1DM
patients and Indian population. The number of patients and
controls, genotypes frequency and the test for HWE were also
listed in Table 2.

Risk of bias assessment

The results of quality assessment using NOS for each study
are listed in Table 3. As listed in Table 3, superior number of
stars reflects the better quality, and the average number of
stars in all studies was 4.73. There were only three studies to
get 7~ 9 stars (11.54%). Thirteen studies got one or zero for
selection or zero for comparability or for exposure (50%),
judging to have low quality or high risk of bias.

Heterogeneity

When chose patients with DM as controls, there was a
significant heterogeneity with respect to association between
4b/a  polymorphism and DN under pre-allele model
(p =0.000, P= 57.7%) and dominant model (p=0.000,
I> =53.6%). In the subgroup analysis according to geographic
race, there still existed heterogeneity for Asian population
under pre-allele model (p=0.000, 12264.4%) and domin-
ant model (p=0.001, I*=57.7%). In the subgroup analysis
according to type of DM, there also existed heterogeneity for
T2DM under pre-allele model (p=0.000, 12:59.8%) and
dominant model (p=0.001, 12:51.9%), for TIDM under
dominant model (p=0.016, I*=67.3%). In the subgroup
analyses according to reporting the age (report and not
report), BMI (report and not report), diabetes duration (> 10
years and < 10 years), genotyping method (polymerase chain
reaction-restricted fragment length polymorphisms and
others), source of DM/DN (hospital, population and not
report) and status of HWE in DM group (in HWE and not),
there still existed heterogeneity under pre-allele model and
dominant model in some degree. But > that testing the
heterogeneity reduced to <50% in the subgroup diabetes
duration >10 year under dominant model (p=0.025,
I?=48.7%), and in the subgroup “‘in HWE’ under pre-
allele model (p=0.003, 12:48.8%) and dominant model
(p=0.007, P =44.1%).

When chose populations without DM as controls, signifi-
cant heterogeneity existed under pre-allele model (p = 0.000,
P=72.1%) and dominant model (p =0.002, > =58.4%). In
the subgroup analysis according to ethnicity, there still existed
heterogeneity for Asian population under pre-allele model
(p =0.000, P = 73.1%) and dominant model (p=0.017,

eNOS 4b/a polymorphism and DN 1525

I?=55.5%), for Caucasian population under pre-allele
model (p=0.007, I*=75.0%) and dominant model
(p=0.028, I=57.1%). The type of DM in studies using
non-DM populations as controls was all T2DM, and all of
them reported the age of DN patients. In the subgroup
analyses according to BMI, diabetes duration, genotyping
method and source of DM/DN, there also existing heterogen-
eity under pre-allele model and dominant model. In the
subgroup analysis according to status of HWE in non-DM
group, significant heterogeneity decreased under dominant
model from total value p =0.002, ?=58.4% to “‘in HWE”
group p=0.120, *=32.8% and ‘‘not in HWE” group
p=0.181, I =44.2%. The pooled and subgroups’ heterogen-
eity results based on geographic race, type of DM and HWE
are listed in Table 4.

Association of the 4b/a polymorphism with DN and
subgroup analyses (ethnicity analysis is geographic
race analysis) when compared with DM patients

Because hypothesis of homogeneity was rejected by the I
statistic, REM was used to evaluate the association of the 4b/a
polymorphism with DN. Under the pre-allele model, the
pooled OR suggested that NOS3 4a was associated with an
increased risk of DN when compared with the 4b allele in
global populations (OR = 1.26, 95% CI: 1.10-1.45) and in the
Asian population (OR =1.51, 95% CI: 1.13-2.01) (Figure 2).
Under the dominant model, 4aa+4ab genotype was also
associated with the risk of DN in global populations
(OR =1.27, 95% CI: 1.09-1.48) and in the Asian population
(OR =1.54,95% CI: 1.16-2.05) when compared with the 4bb
genotype (Figure 3). Under the recessive model, in compari-
son with 4bb+4ab genotype, 4aa genotype was signifi-
cantly associated with the risk of DN in global populations
(OR=1.50, 95% CI: 1.12-2.02), Asian population (OR =
2.32, 95% CI: 1.30-4.15) and Indian population (OR =5.32,
95% CI: 2.05-13.77) (Figure 4). The rest additive model (4aa
vs. 4bb) also produced similar associations (global popula-
tions, OR=1.52, 95% CI: 1.13-2.04, Asian population
OR =238, 95% CI: 1.33-4.29) and Indian population
(OR =4.80, 95% CI: 1.84-12.49) (Figure 5). As shown in
Figure 6, under the co-dominant genetic model, no associ-
ation between 4ab genotype and the risk of DN, in compari-
son with 4aa+4bb, was seen in global populations or any
subgroups.

In the subgroup type of DM analyses, patients that had
suffered from T2DM may have a risk of DN under the pre-
allele model (OR=1.29, 95% CI.: 1.09-1.54), dominant
model (OR=1.28, 95% CI. 1.08-1.53), recessive model
(OR=1.65, 95% CI. 1.12-2.42) and additive model
(OR=1.66, 95% CI: 1.14-2.42). No association between
DN patients that had suffered from TIDM and NOS3 4b/a
was found (Table 4).

Association of the 4b/a polymorphism with DN and
ethnicity analysis when compared with non-DM
patients

Because I°>50% in the pre-allele model and dominant
model, REM was fit for the meta-analysis. As listed in
Table 4, there were obviously significant results between the



Ren Fail, 2014; 36(10): 1520-1535

1526  R. Zeng et al.

- Lo 000 - - - (VX)) (900) 8 ¥6'0) 821 (€0°0) ¥ (T1ro) 91 (S8°0) 011 [4 (ue1sy) euryy ¥00T ‘urx
000 000 000 (00T (T0'0) 1 ($6°0) 09 #00) € o (96°0) 0L (60°0) 9 10 L (18°0) 9 C (uersy) eurg) 1102 ‘onp
ce0 L0 8T0 0o (81°0) 81 (¢8°0) ¢8 (200) T (61°0) ST (08°0) SOT (100 1 (€T°0) 6¢ 9L0) L1 C (ueisy) eury) €00 BN
€L'0 170 o (oo T (T10) 0T (L8°0) S¥1 (100) T F10) 1T (S8°0) T€T (OX) (T1ro) 1¢ (88°0) 6ST C (uersy) eury) S00¢T ‘Sueyyz
1L°0 651 ¥9°0 o (60°0) 9 (16°0) ¥9 (T0'0) 1 (€100 9 (68°0) 1% (VX 010 8 06°0) TL C (uersy) eurg) 00T ‘ury

- 0s0  ST0 - - - o (ST°0) 01 ($8°0) S¢S o (I70) 1€ (6L0) 18 [ (uesy) ueder 000z ‘enfmg

(uerseone)))

- 980 ¥C0 - - - (T00) ¥ (€2°0) 9% (SL0) L1 (S00) L (LT0) OF (69°0) €01 I USIpamMS @

(uerseone)))

- Y20 €00 - - - #0°0) ST (82°0) 66 (89°0) v (F0'0) T€  (9T°0) 80T  (0L'0) €SS [ ystuuty @ 900T ‘UASTIOIN
8¢°0 100 o010 (00 ¥ (TT0) ¥L (9L°0) TST  (80°0) 61 (82°0) 99 (€9°0) L¥1 (80°0) ST (€£°0) 8¢ (65°0) SOT C (uerseone)) puejod £00T “Yozersy

- 860 000 - - - (To'0) ¢ #T0) 19 (#L°0) 681 (Iro 1c  &1o 8¢ (SL°0) 9v1 C (uerpuy) erpug 800C ‘Bl[emn[yy

- 960 170 - - - (T0°0)€ (TT0) ¥ (LL0) 9ST (€0'0) 9 61°0) 77 (8L°0) 081 C (ueisy) ueder 200¢ ‘nziwurys

- S¢0 €90 - - - o #10) 6 (98°0) 96 (¥00) € O10) ¥1 (8L°0) 99 ¢ (uesy) a1odesulg @

- 8C0 T80 - - - 0o (62°0) T1 (IL'0) 0¢ 0o (L0'0) € (€6'0) ¥ C (uersy) eulyd @ L00T ‘SuoQ
€0 9¢°0 170 (OX) #1°0) TT (98°0) €€1 (100) 1 (T10) 01 (L8°0) 1L (80°0) € (€2°0) 6 (69°0) LT C (ueisy) ueder QT ‘“1oneqasnoN

J(uerseone)))
Kuewran) ‘Arei
L80 S6'0  L80 (€00 € (0£°0) 0¢ (L9°0) L9 (T0'0) S (ST°0) 6 (TLo) 891 (€0'0) 11 (8T°0) 66 (89°0) LET C ,E%am qamawon— 110T ‘sojues
GmﬁmmoﬂmU
- 8¢€0  TCO - - - (€0°0) 9 (€2°0) 0S (#L°0) 191 (100) T (LT0) €S (TLo) T © Auewon
(uerseone)))

- €e0  ST0 - - - (T00) € (82°0) SS (0L°0) 9¢T (Too) T (Te0) 17 (L9°0) L8 1® Auewon 100T ‘ud82Qq
650 680 610 (00 o0z (6T0) LIT (89°0) 11S  (S0'0) Iz (9€°0) €¥1 (65°0) ¥€T  (90°0) 6T (T€0) T91 (T90) ¥1¢ [ (uedtyy) ersiung, 800¢C ‘1p1zzg

- €S0 ¥20 - - - (50°0) 6 (0£°0) 09 (99°0) 1€T1 (90°0) TI (T€0) 19 (T9°0) ¥21 C (ueoLyy) 1d43g Z10T ‘Anynoys
LEO €r'o 790 0o (LT'0) 91 (€8°0) 08 #0°0) 6 (ST°0) #$ (1L°0) LST 0o 00 ¥ (08°0) 91 C (uerseone)) uel| [10C ‘TUSsYOA
170 650 660 (OX) (82°0) 8T (TLO) €L (T00) € (LT0) 9% (TLo) a1 (Too) € 970) T€ (1L°0) 98 C (uerseone))) uely €10 ‘Tuiyey
ce0 80 001 (T0'0) ¢ 91°0) 81 (¢8°0) €6 (20'0) 9 (I70) €8 8L0) 11€ (€00 ¥ (6T°0) 8¢ (89°0) 06 C M:Emﬁ m:wno 100T ‘ung

GNMmNODNU

- 6’0  TE0 - - - (T0'0) 6 (€2°0) 06 (SL°0) L6T  (€0°0) TI (€2°0) 801 (FL0) ¥PE 1 wop3ury[ pajrun €00¢ ‘urddry
LT°0 S¥'0 SO0 o 97°0) TT (FL'0) 79 o (L10) 11 (€8°0) €6 (OX) (LE0) 6T (€9°0) 0S C (uersy) eury) 100C 11

- 0’0 000 - - - (T0'0) 1 (Ly0) 1€ (TS0) ¥¢ (Too) 1 9L0) 8% (TT0) #1 ! (uerseone))) erssny 900T ‘BAOYEISAYS
000 000 000 (SO0 T (€00 1 (T6'0) ¥€ (€20 8 aro v (99°0) €¢ (SS0) Lz 00T (I1+'0) 0T C (ueisy) eury) €00¢ ‘ong
7S50 S¥0  S00  (100) T 97°0) TT (€L°0) 79 o (LT0) 11 (€8°0) €S (OX) (6£°0) LT (19°0) ¥ C (uersy) eury) S00¢ ‘3uoQ

- 90 9L0 - - - o 9¢0) ¥ #9°0) L F00) T (LT0) L (69°0) 8T C (uerpuy) e1puf ®

- Lo IL°0 - - - o (S10) € ($8°0) LI o 1o ¢ (88°0) S¥ C (ueisy) eiske[e]y @

- S¢0 900 - - - o #10) 6 (98°0) 96 (¥00) € O10) ¥1 (8L°0) 99 C (ueIsy) euryd @ €00T ‘OeIA
61°0 10 ¢I'0 o (€1°0) €1 (L8°0) L8 o (TTo) €T (8L°0) T8 o (97°0) 92 FL0) €L [ (uersy) euryd S00T ‘Suepm

Ng-uou  Nd  Nd (%)erey (%)arey (%)a/ap (%)erey (%)arey (%)a/ay (%)erey (%)arey (%)a/ar Emw MO (Koruyyg) Anuno) ar Apmg
QdA],
(sonrea d) gMH [01U0d JAJ-UON [onuod INQ ase)

'SaIpmIs A[QISI[2 oY) Ul FMH Jo 159) X ur sanfea d pue sadAjousd ¢SON Jo uonnqrusiq g AqeL



DOI: 10.3109/0886022X.2014.958955

Table 3. Quality indicators from Newcastle-Ottawa scale (NOs).
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4b/a polymorphism and DN risk in the global populations
under the recessive model (OR =3.13, 95% CI: 1.55-6.32)
and the additive model (OR =3.41, 95% CI: 1.66-7.02), also
the pre-allele model (OR=1.74, 95% CI: 1.33-2.28), the
dominant model (OR =1.67, 95% CI: 1.30-2.16) and the co-
dominant model (OR=1.35, 95% CI: 1.15-1.60). In the
Asian population, association was observed in the pre-allele
model (OR =2.09, 95% CI: 1.36-3.22), the dominant model
(OR=2.02, 95% CI: 1.39-2.93), the additive model
(OR=3.59, 95% CI. 1.06-12.14) and the co-dominant
model (OR=1.65, 95% CI. 1.28-2.11). No association
between NOS3 4b/a and the risk of DN was found in the
Caucasian population in any models. There was only one
study including the African population (Table 4). Subgroup
analysis for the type of DM was not conducted because the
type of DM in studies using non-DM populations as controls
was all T2DM.

Association of the 4b/a polymorphism with DN and
ethnicity analysis according to skin color when
compared with DM patients

In the ethnicity analysis according to skin color, there existed
heterogeneity for Asian population under co-dominant model
(p=0.001, P= 57.7%), pre-allele model (p=0.000,
> =62.4%) and dominant model (p =0.001, I* =56.8%).
Because there still existed heterogeneity in the ethnicity
analysis according to skin color, REM was used to evaluate
the association of the 4b/a polymorphism with DN yet. In
addition, when choosing skin color as subgroup, the disparate

results in the Asian population were as follows, the pre-allele
model: OR =1.47, 95% CI: 1.13-1.91; the dominant model:
OR =1.46, 95% CI: 1.12-1.90; the recessive model: OR =
2.73,95% CI: 1.61-4.62; the additive model: OR =2.77, 95%
CI: 1.66-4.62; the co-dominant genetic model: OR=1.17,
95% CI: 0.88-1.57.

Sensitivity analyses

When chose DM patients as controls, under the FEM,
sensitivity analyses for HWE (excluding studies controls
were not in HWE) produced no significant changes in the pre-
allele model (OR=1.12, 95% CI: 1.03-1.22), dominant
model (OR=1.12, 95% CI. 1.02-1.23), recessive model
(OR=1.42,95% CI: 1.10-1.83), additive model (OR = 1.41,
95% CI: 1.09-1.83) and co-dominant model (OR =1.05, 95%
CI: 0.95-1.17). Sensitivity analyses for diabetes duration
(excluding studies DM duration <10 years) also yielded non-
significant results. If we chose non-DM populations as
controls, under the FEM, sensitivity analyses for HWE also
did not derive significant changes (Table 4). Similar sensi-
tivity analyses were also performed in comparisons of other
subgroups, the pooled OR (including 95% CI) pattern was not
changed consistently in all contrasts when each single study
was excluded. Sensitivity analyses indicated the results of
meta-analysis were stable.

Publication bias

No study included in the meta-analysis reported that
genotyping was performed blindly in clinical status. When
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Table 4. Random effects odds ratios and heterogeneity results for the association of eNOS 4b/a gene polymorphisms and DN.

Ethnicity according to ‘‘nine geographic race’™® Type of DM* HWE®
not in

DM control ALL Asian Indian Caucasian African All T1DM T2DM All in HWE HWE
Number of studies 31 17 2 10 2 31 5 26 31 27 4
Pre-allele model

P (%) 57.7 64.4 62.6 9.0 22.1 57.7 48.9 59.8 57.7 48.8 76.4

Pheterogeneity 0.000 0.000 0.102 0.360 0.257 0.000 0.098 0.000 0.000 0.003 0.005

OR 1.26 1.51 0.61 1.10 1.00 1.26 1.16 1.29 1.17 1.12 1.64

95% CI 1.10-145 1.13-2.01 0.06-6.07 0.98-1.24  0.80-1.24 1.10-1.45 0.93-1.45 1.09-1.54 1.08-1.27 1.03-1.22 1.29-2.08
Dominant model

P (%) 53.6 57.7 0.0 34.2 27.7 53.6 67.3 51.9 53.6 44.1 72.7

Pheterogeneity 0.000 0.001 0.788 0.134 0.240 0.000 0.016 0.001 0.000 0.007 0.012

OR 1.27 1.54 0.95 1.15 0.96 1.27 1.25 1.28 1.17 1.12 1.82

95% CI 1.09-1.48 1.16-2.06  0.63-1.43 097-136  0.73-1.27 1.09-1.48 091-1.73 1.08-1.53 1.07-1.28 1.02-1.23 1.34-2.49
Recessive model

P (%) 21.5 10.3 0.0 0.0 0.0 21.5 0.0 30.8 21.5 18.7 44.6

Pheterogeneity 0.167 0.346 0.392 0.901 0.692 0.167 0.802 0.094 0.167 0.144 0.217

OR 1.50 2.32 5.32 1.08 1.17 1.50 1.13 1.65 1.48 1.42 1.74

95% CI 1.12-2.02  1.304.15 2.05-13.77 0.77-1.52 0.72-1.89 1.12-2.02 0.72-1.78 1.12-2.42 1.18-1.86 1.05-2.88 1.10-1.83
Additive model

P (%) 19.7 10.5 0.0 0.0 0.0 19.7 0.0 28.1 19.7 30.4 18.9

Phicterogeneity 0.188 0.344 0.396 0.861 0.566 0.188 0.705 0.118 0.188 0.214 0.230

OR 1.52 2.38 4.80 1.12 1.13 1.52 1.16 1.66 1.49 1.41 1.84

95% CI 1.13-2.04  1.33-4.29 1.34-12.49  0.80-1.58 0.69-1.85 1.13-2.04 0.74-1.82 1.14-2.42 1.18-1.87 1.09-1.83 1.10-3.09
Co-dominant model

P (%) 48.9 48.7 0.0 27.4 5.1 48.9 64.8 47.2 48.9 39.6 74.8

Pheterogeneity 0.001 0.013 0.814 0.192 0.305 0.001 0.023 0.004 0.001 0.019 0.008

OR 1.14 1.29 0.54 1.14 0.91 1.14 1.22 1.12 1.09 1.62 1.05

95% CI 0.98-1.33 0.97-1.71 0.34-0.87 0.97-1.35 0.72-1.16  0.98-1.33 0.88-1.68 0.94-1.34 0.99-1.20 0.95-1.17 1.15-2.28
Number of studies 15 10 0 4 1 15 0 15 15 13 2
Pre-allele model

P (%) 72.1 73.1 - 75.0 - 72.1 - 72.1 72.1 46.3 78.5

Pheterogeneity 0.000 0.000 - 0.007 - 0.000 - 0.000 0.000 0.034 0.031

OR 1.74 2.09 - 1.37 1.34 1.74 - 1.74 1.59 1.46 8.97

95% CI 1.33-2.28 1.36-3.22 - 0.82-2.29 1.10-1.64  1.33-2.28 - 1.33-2.28 1.41-1.80 1.29-1.66 4.48-17.95
Dominant model

P (%) 58.4 55.5 - 67.1 - 58.4 - 58.4 58.4 32.8 442

Phicterogeneity 0.002 0.017 - 0.028 - 0.002 - 0.002 0.002 0.120 0.181

OR 1.67 2.02 - 1.33 1.31 1.67 - 1.67 1.55 1.46 8.82

95% CI 1.30-2.16  1.39-2.93 - 0.80-2.20 1.03-1.66  1.30-2.16 - 1.30-2.16 1.35-1.78 1.26-1.68 3.53-22.01
Recessive model

P (%) 47.5 50.7 - 61.4 - 47.5 - 47.5 475 314 67.6

Phicterogeneity 0.040 0.058 - 0.075 - 0.040 - 0.040 0.040 0.167 0.079

OR 3.13 3.22 - 3.32 222 3.13 - 3.13 3.16 2.52 9.39

95% CI 1.55-6.32  0.94-11.02 - 0.76-14.49  1.24-397 1.55-6.32 - 1.55-6.32  2.154.65 1.66-3.85 3.22-27.37
Additive model

P (%) 49.8 49.5 - 67.5 - 49.8 - 49.8 49.8 37.1 66.2

Pheterogeneity 0.030 0.065 - 0.046 - 0.030 - 0.030 0.030 0.122 0.085

OR 3.41 3.59 - 3.57 2.36 3.41 - 3.41 3.41 2.72 10.08

95%Cl1 1.66-7.02 1.06-12.14 - 0.71-18.04 1.31-4.24 1.66-7.02 - 1.66-7.02 2.31-5.02 1.78-4.16 3.44-29.53
Co-dominant model

P (%) 9.2 0.0 - 29.4 - 9.2 - 9.2 9.2 8.0 0.0

Phcterogeneity 0.350 0.667 - 0.236 - 0.350 - 0.350 0.350 0.366 0.352

OR 1.35 1.65 - 1.19 1.16 1.35 - 1.35 1.34 1.32 4.06

95% CI 1.15-1.60 1.28-2.11 - 0.85-1.67 0.90-1.48 1.15-1.60 - 1.15-1.60 1.16-1.55 1.14-1.53 0.87-18.96
Notes: “Calculated by the REM in the meta-analysis.
PCalculated by the FEM in the sensitivity analysis.

Discussion

chose DM patients as controls, under the dominant model, the
shape of the funnel plot was asymmetrical and p value of
Egger’s test was 0.024, indicating apparent publication bias
(Figure 7). But under other models, no significant publication
bias was found. Funnel plots and Egger’s test for articles
associated with NOS3 polymorphism and DN compared with
non-DM populations indicated that there was no significant
publication bias.

It remains an unsolved problem why some diabetic patients
develop DN, whereas others do not, despite both having a
long-term hyperglycemia. Because known environmental
factors did not fully explain this, researchers have explored
the answer at the genetic level. There existed many experi-
ment studies indicating significant association between NOS3
4b/a  polymorphism and susceptibility for DN,**7*
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Figure 2. Meta-analysis for eNOS 4b/a polymorphism in DN (pre-allele model: 4a vs. 4b) compared with DM patients.

nevertheless other studies provided inverse results.’®*> A

meta-analysis aiming at assessing overall effects of variants of
the NOS3 4b/a on DN comparing with DM or non-DM was
performed. In total, the meta-analysis involved 26 studies for
DN comparing with DM and 15 studies for DN comparing
with non-DM, which provided 6144/4900 cases/controls and
2134/2348 cases/controls, respectively. In the meta-analysis,
the effects of the pre-allele, dominant, recessive, additive and
co-dominant models were estimated. Moreover, the hetero-
geneity of genetic effects across ethnicity, type of DM, age,
BMI, DM duration, genotyping method, source of DM/DN
and status of HWE in controls were investigated. In addition,

subgroup analyses based on ethnicity, the type of DM and
sensitivity for excluding studies not in HWE were performed.

In this meta-analysis, when compared with DM, an
association between NOS3 4b/a variants and DN risk was
observed, especially in the Asian population and T2DM
population. But because the most of the included studies is
from Asia and the most of the included population is the
patients of T2DM, the conclusion in global populations is not
affirmative. When compared with non-DM crowed, an
obvious association was found in the global populations and
Asian population. According to these results, the effect size
OR is lager when meta-analysis conducted between DN
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Figure 3. Meta-analysis for eNOS 4b/a polymorphism in DN (dominant model: 4aa +4ab vs. 4bb) compared with DM patients.

patients and non-DM populations, rather than DM patients.
It is because patients with DM have higher risk to diabetic
complications DN.>! Maybe, the different endogenous envir-
onment of DM patients contributes to the pathology and
development of DN. So, the DM patient without DN is a
better control to test the effect of NOS3 polymorphisms and
DN risk. According to above-mentioned results, we can
conclude that the variant of NOS3 4b/a is a risk factor in the
development and progress of DN in Asian population. This
conclusion was consistent with published experiment

researches>* and reviews,52 also, was demonstrated in NOS3
knock-out mice model.>> However, the testing of associations
was based on different amount of information, moderate
heterogeneity, the using of REM, different ethnicity division
and low quality of evidence, Therefore, the results of our
meta-analysis should be interpreted with caution.

Just as studies reported, endothelial dysfunction may give
rise to uncoupling of the vascular endothelial growth factor
(VEGF)-endothelial nitric oxide (eNO) axis, resulting in
increased levels of VEGF and excessive proliferation of
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Figure 4. Meta-analysis for eNOS 4b/a polymorphism in DN (recessive model: 4aa vs. 4bb + 4ab) compared with DM patients.

endothelial cell.”** Thus, maintaining the coupling of VEGF-
eNO was deemed to have a crucial role in developing into
DN.%® The variant of NOS3 4b/a contributes to the decreased
activity of NOS3 enzyme, which resulting in low basal levels
of plasma NO, so, the level of VEGF increases, endothelial cell
proliferates and develops into DN finally.”” Furthermore, such
hypothesis was proved in experimental mice model.”®
However, in our subgroup analysis, there was an increased
risk among Asian population, but not other race. The reasons
may as follows: (1) the distinguishable genetic background of
pathology in the Asian population may contribute to such

heterogeneity.>® As listed in the Table 2, the frequency of every
genotype was different significantly among different ethni-
cities: (1) It supported discrepancy of pooled OR statistically;
(2) different linkage map, lifestyle, geographical environment
or public sanitation may influence the activity of NOS3; (3) the
criterion of ethnicity division is inappropriate; and (4) the CIs
for ORs in different populations overlapped with each other, so,
it is possible that the effect of NOS3 polymorphisms with the
DN risk is similar among them. It is because the relevant
researches from Indian (221/266 patients/controls), Caucasian
(2463/2283 patients/controls) and African (705/598 patients/
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Figure 5. Meta-analysis for eNOS 4b/a polymorphism in DN (additive model: 4aa vs. 4bb) compared with DM patients.

controls) population are statistically insufficient so as to cause
such discrepancy. It was widely accepted that the existence of
gene—environment interaction may result in the development
of DN, it can explain the discrepancy of results between the
individual genetic association studies. In our subgroup
analysis, there was an increased risk among T2DM. The
reason for this result have not been explored by studies, one of
probable reason is minor references in T1DM population.
The unadjusted pooled ORs were calculated in the meta-
analysis, it is because that the possible confounding factors
that affect the estimates of associations like age, sex, lifestyle,

surroundings, physical condition (e.g. BMI, SBP/DBP,
HbAIc, smoking, alcohol consumption and control of DM),
exercise, duration, source of sampling and others were not
provided clearly. Studies including in our meta-analysis
exhibited moderate heterogeneity and the source of hetero-
geneity may derive from ethnicity, type of DM, diabetes
duration and status of HWE. The existence of above multi-
factors among studies may result in the presence of hetero-
geneity. For example, the prevalence of DN depends on age, it
is easier to occur in elderly individuals. Thus, younger DM
patients who may have suffered from DN were frequently



DOI: 10.3109/0886022X.2014.958955

eNOS 4b/a polymorphism and DN 1533

Sway %

1D OR (25% C1) Weight
Aslan 1

Wang 2005 — 127 (067, 242) 3z
Mi20 20031 —_—— 1.26 (051,3.13) 205
Mi20 2003-2 —tie 063 (0.14,293) [Fo§
Dong 2005 | —— 3.03(1.35,6.79) 244
Luo 2003 ———— 033 (0.05, 1.91) 068
112001 . 279 (1.26,6.18) 250
Sun 2001 - e 1.56 (1.00, 2.45) am
Neugenaver 2000 — 2.16 (080, 5.85) 180
Dong 2007-1 ———e | 0.18(0.05, 0.69) 1.09
Dong 2007-2 —— 1.26 (051,3.13) 208
Shimizy 2002 —tt 0.:85 (054, 1.37) 454
Fujta 2000 —t— 1.43 (062, 3.26) 23%
Lin 2002 —tp 0.79 (026, 2.43) 143
Znang 2005 —r 084 (044, 160) azs
M3 2003 —_—— 1.30(0.74,229) 380
Guo 2011 - - o 17.54 (0.99, 315.03) 027
Xin 2004 ot 225(053,5.44) 214
Sutotal (Hequared = 457%, p=0.013) > 129 (097, 1.71) 33
" ]

Indlan :

Mi20 2003-3 = e 064 (0.14,290) 090
Anlpwalta 2008 —— 053 (0.33,0.87) 511
Suowial (-eguared = 0.0%, p=0314) L 054 (0.3¢,087) 524
Caucasian

Snzstzions 2005 361 (1.70,7.69) 263
Rippin 2003 1.03 (0.75, 1.42) 591
Raniml 2013 0.99 (058, 1.68) a7
Monsenl 2011 0.77 (025, 2.40) 145
Degen 2001-1 1.16 (0.72, 1.89) a4
Degen 2001-2 123 (079, 192) 473
Samos 2011 1.17 (080, 1.71) 535
Kslazek 2003 1.22 (080, 1.96) i
Molisten 2006-1 092(070,1.22) 625
Molisten 2005-2 1.19 (073, 1.95) 3%
Subtotal (-sguared = 27.4%, p=0.192) 1.14 (097, 1.35) 419
African

Shoukry 2012 1.10(0.72, 1.68) 92
Ezzidl 2008 0.84 (064, 1.11) 632
Sutwotal (Hsguared = 5.1%, p = 0.305) 091 (072, 1.16) 1124
Owerall (equared - £3.9%, p = 0.001) 1.14 (088, 1.33) 100,00

NOTE: Weights are from rangdom eflects analysls

|
00317 1

315

Figure 6. Meta-analysis for eNOS 4b/a polymorphism in DN (co-dominant model: 4ab vs. 4aa+ 4bb) compared with DM patients.

included as controls. Therefore, if a control group includes
cases that are still at risk of developing DN, the effect size
may be minimized. It is the reason why we chose the overt
DN as cases. At the same time, the strict selection criteria
ensure the clear distinction in cases and controls of meta-
analysis.

According to the funnel plot and Egger’s test, there was a
significant publication bias under the dominant model when
chose non-DM population as controls. On the basis of result
of sensitivity analysis, omitting any single study will not
change pooled results significantly. Thus, we think that the
association between NOS3 polymorphisms and DN suscep-
tibility will not be changed by publication bias. Our meta-
analysis exist limitations inevitably because of following:

(1) although we extracted characteristics from eligible studies
and estimated their contributions to the heterogeneity separ-
ately, the combined effect of them can hardly be estimated. At
the same time, we cannot take some environmental factors
such as lifestyle, surroundings or exercises into account;
(2) eligible studies are case—control studies which might have
resulted in survival-related bias. Because DN patients
carrying the risk allele may have the lower survival, and
DN is a chronic disease, carriers of the risk genotype will be
leakage of registration, so the power of effects may be
reduced. Perspective study design of DM patients being
followed up for the development of DN could solve this
contradiction; (3) Asian study were maximum in our meta-
analysis, the research from other race were minor, especially
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Figure 7. Funnel plot for articles associated with eNOS polymorphism
and DN compared with DM patient under dominant model.

in Indian and African. In Asian subgroup, the sample size is
minor generally, so the results from Asian population should
be treated very carefully; (4) the quality of case—control study
in our meta-analysis is low, that is high risk of bias.
Furthermore, NOS was used to assess quality has not been
agreed widely. Based on these bias and limitations, the any
results calculated by our meta-analysis should be interpreted
with caution.

In conclusion, this meta-analysis supports an increased
susceptibility of NOS3 4b/a variant to DN in Asian popula-
tion, the conclusion in global population needs more ethnic-
specific association studies. Furthermore, to further demon-
strate the role of NOS3 4b/a in the progress of DN, it is
needed to carry out more perspective, high-quality studies in
different populations with larger sample size and more
matched clinical characteristics to avoid confounding factors,
especially pay attention to the stage of DN and choose DM
patients as controls. According to our meta-analysis, c allele
and b/c genotype were reported in individual studies, so later
studies should notice the gene detection.
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