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ABSTRACT
Background  Previous studies have suggested an 
association between vascular endothelial growth factor A 
(VEGFA) rs3025039 polymorphism and biliary atresia (BA). 
However, this conclusion is controversial and there is no 
published pooled evidence of this association.
Methods  This study was conducted and reported 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses. The protocol was registered 
with PROSPERO (International Prospective Register of 
Systematic Reviews). A thorough search was performed 
on databases including PubMed, Embase, and Chinese 
Biomedical Database up to August 2020. This study 
included 846 cases of BA and 2821 controls concerning 
VEGFA rs3025039 polymorphism. We selected relevant 
studies based on the following inclusion criteria: (1) the 
study design was case–control and cohort and (2) the 
patients carried standard clinical diagnoses of BA, etc. The 
exclusion criteria were as follows: (1) patients with other 
related diseases, (2) lack of requisite information and (3) 
duplicate data. The OR (odd ratio) and the corresponding 
95% CI (confidence interval) were calculated to estimate 
the association.
Results  This study on VEGFA rs3025039 polymorphism 
in the Chinese population included 846 cases and 2821 
controls. The results showed that there was no significant 
association between rs3025039 and susceptibility to BA 
under four genetic models. The results of the subgroup 
analysis were similar to the overall results.
Conclusions  This meta-analysis shows that rs3025039 
was not associated with susceptibility to BA in the Chinese 
population. Further validation may entail additional 
research.
PROSPERO registration number  CRD42020203812.

INTRODUCTION
Biliary atresia (BA) is a type of progressive 
obliterative disorder in neonates that inter-
feres with the function and anatomy of the 
intrahepatic and extrahepatic bile ducts.1 2 
This destructive inflammatory obliterative 
cholangiopathy frequently leads to hepatic 
fibrosis and end-stage liver disease. If 
untreated, BA with progressive liver cirrhosis 
is uniformly fatal.3 The clear etiology of this 
disorder is not well understood. Genetic 

and immunological factors, infections, and 
other environmental factors might lead 
to BA, suggesting that it has a complex 
etiology.3 4 Hereditary factors participate 
in the pathogenesis of BA. Multiple single-
nucleotide polymorphisms on the genes, 
including ADD3, XPNPEP1, VEGFA, and 
EFEMP1, are associated with risk of BA.4

The human VEGFA gene is one of the 
members of the VEGF (vascular endo-
thelial growth factor) family located on 
chromosome 6p21.3. This gene comprises 
a type of heparin-binding protein that is 
in the form of a disulfide-linked homod-
imer. VEGFA participates in various 
developmental processes, including endo-
thelial cell proliferation, cell migration, 

Key messages

What is already known about this subject?
	► The etiology of biliary atresia (BA) is still not well 
understood.

	► Previous studies supported that vascular endothelial 
growth factor A (VEGFA) plays an important role in 
the pathogenesis of BA.

	► The association between the single nucleotide poly-
morphism(SNP) (rs3025039) in the VEGFA gene and 
the risk of BA is still controversial due to inconsisten-
cy among the previous studies.

What are the new findings?
	► VEGFA rs3025039 polymorphism may not be associ-
ated with an elevated risk of BA in Chinese.

	► The association between rs3025039 and risk of BA 
was not significant in southern Chinese.

	► This meta-analysis did not demonstrate a definite 
association between rs3025039 and BA in north-
western Chinese because only one study was in-
cluded in this subgroup.

How might it impact on clinical practice in the 
foreseeable future?

	► Additional research is needed to obtain a definite 
conclusion of this association.

	► Future studies are recommended to identify other 
possible genetic markers.
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and apoptosis.5–7 It may also participate in the patho-
genesis of BA because it can function as a proinflam-
matory cytokine.8 Polymorphisms of this functional 
gene may affect expression regulation, leading to 
various incidences and severities of disease.9 Thus, 
clarifying the effects of alterations within the VEGFA 
gene may provide markers for diagnosis and treat-
ment to reverse progression of BA.

Previous studies have explored the correlation 
between rs3025039 within the VEGFA gene and suscep-
tibility to BA; however, the results remain controversial 
due to the lack of consistency among the studies. In 
China, rs3025039 has been found to be associated with 
susceptibility to BA.10 11 Interestingly, a recent publi-
cation reported no significant correlation between 
rs3025039 and BA in the southern Chinese population.12

This discrepancy needs further verification by 
increasing the sample size. In the mean time, a meta-
analysis is a suitable method to summarize previous 
genetic association studies (GAS) and to draw relatively 
reliable conclusions.13 14 Therefore, the present meta-
analysis may provide evidence regarding the association 
of VEGFA rs3025039 polymorphism with susceptibility 
to BA.

METHODS
This study protocol was registered with an interna-
tional registration platform of systematic review, PROS-
PERO (International Prospective Register of System-
atic Reviews). We conducted and reported the study 
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement15 
(see online supplemental table S1).

Patient and public involvement
Patients and the public were not involved in this study.

Data sources and searches
PubMed, Embase, and the Chinese Biomedical Database 
(CBD) were searched from inception until August 17, 2020 
(see online supplemental material for full details on search 
strategy). We also considered references in the included 
studies and related reviews. We did not impose limitations 
on the language of papers, time period of follow-up, and 
published state. We reran the same searches before the 
final analyses and retrieved additional studies for inclusion.

Eligibility criteria
We established the inclusion and exclusion criteria based 
on discussion studies. We selected relevant studies based 

Figure 1  Flow chart of studies considered for inclusion. BA, biliary atresia.
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on the following inclusion criteria: (1) the study design was 
case–control and cohort; (2) the patients carried a standard 
clinical diagnosis of BA; (3) the studies explored the target 
association; and (4) the authors presented enough data on 
genotype distribution. The criteria used to exclude studies 
were as follows: (1) patients with other related diseases; (2) 
lack of requisite information; and (3) duplicate data.

Study selection
At the first stage, duplicates from three electronic data-
bases were screened and removed independently by three 
reviewers (SH, YY, and LM). At the second stage, the title 
and abstract of each of the remaining studies were reviewed 
independently by the same reviewers (SH, YY, and LM) to 
select eligible studies. At the final stage, the same reviewers 
(SH, YY, and LM) independently retrieved and assessed the 
potentially eligible full text of the remaining publications. 
Any discrepancy with regard to eligibility of articles was 
discussed among the three reviewers in consultation with a 
third reviewer (RD or SZ).

Data extraction
All data were recorded independently by three reviewers 
(SH, YY, and LM) in accordance with a record form, with 
regard to (1) study characteristics (author information, 
publication time, sample size, country, and ethnic origin); 
and (2) genotype data (number with different genotypes, 
minor allele frequency, results of the Hardy-Weinberg 
equilibrium (HWE) of the control group, and genotyping 
methods). All related data were found in the original studies 
so we did not need to contact the study authors to request 
for missing data.

Quality score assessment
Three reviewers (SH, YY, and LM) independently appraised 
the quality of the GAS using a checklist revised from previous 
studies,16 17 which was done on the basis of genetic factors 
and epidemiological requirements. The checklist covered 
essential items aimed at the quality of the GAS, including 
representativeness and ascertainment of study subjects, 
genotyping, HWE, and association analysis.16 17 The total 
score ranged from 0 (worst) to 13 (best). Detailed informa-
tion is shown in online supplemental table S2.

Statistical analysis
In a GAS, research candidates should be categorized into 
three groups (BB, Bb, and bb) and usually B is used as the 
susceptibility allele.14 18 19 Previous studies have suggested 
that the C allele increased BA susceptibility11; therefore, we 
estimated the association between rs3025039 and suscepti-
bility to BA using four different genetic models, namely a 
per-allele model (C vs T), a homozygous model (CC vs TT), 
a dominant model (CC+CT vs TT), and a recessive model 
(CC vs CT+TT).19 We measured the effects using OR (odd 
ratio) and 95% CI (confidence interval) using a fixed-effect 
or a random-effect model.20 We assessed heterogeneity using 
the Cochrane Q statistic and the inconsistency index (I2).21 
I2>50% or p value <0.1 indicated substantial heterogeneity. Ta
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We conducted subgroup analyses according to the several 
study subject areas. We performed a sensitivity analysis by 
excluding every publication individually to evaluate the reli-
ability and stability of the overall OR. We appraised publi-
cation bias using Egger’s test and Begg’s test22 and visual 
inspection of funnel plots.23 The meta package (V.4.9.7) 
in R software (V.3.6.1) was used to complete all analyses. 
In addition to heterogeneity, p<0.05 (two-tailed) indicated 
significance.

RESULTS
Search findings
We conducted the search process and reported the find-
ings according to the PRISMA statement15 (see figure 1). 
We identified 41 papers after an initial search. At the first 
stage, we removed 10 duplicate articles, leaving 31 articles 
of potential relevance. At the second stage, we excluded 5 
papers that did not involve patients with BA, 5 studies on 
animal experiments, 7 traditional reviews, and 10 studies 
that were not about polymorphisms. At the final stage, we 
excluded one paper due to insufficient information for 
inclusion. Finally, we included three articles10–12 for data 
extraction and meta-analysis.

Study characteristics
Table  1 shows the main data of the three studies (846 
cases and 2821 controls). All of the included studies were 
conducted in the Chinese population. The genotype 
distributions of the controls in the three studies10–12 were 
consistent with HWE, but one did not provide exact data.12 
Of all studies, two10 12 involved southern Chinese individ-
uals, and one study11 involved northwestern Chinese individ-
uals. All studies10–12 used a case–control design. One study12 
was a case–control cohort study, and another study11 was a 

case–control study but did not report the specific type. All 
studies used hospital-based controls. The total scores for 
the three studies ranged from 6 to 9 (see table 1 and online 
supplemental table S3).

Heterogeneity test
There was a significant between-study heterogeneity in 
four genetic models of rs3025039 polymorphism (I2 range: 
66.2%–87.9%, p=0.0003–0.0518; see table 2). Therefore, we 
used a random-effects model to combine the associations 
between rs3025039 polymorphism and risk of BA.

Association between rs3025039 and risk of BA
Three studies, including 846 cases and 2821 controls, exam-
ined the association between rs3025039 and susceptibility 
to BA. There was no statistically significant association in 
any of the genetic models (C vs T: OR=1.50, 95% CI 0.90 to 
2.49; CC vs TT: OR=2.02, 95% CI 0.58 to 6.99; CT+CC vs TT: 
OR=1.78, 95% CI 0.60 to 5.32; CC vs CT+TT: OR=1.53, 95% 
CI 0.89 to 2.63). Table 2 and figure 2 display the distribution 
of the rs3025039 genotypes and alleles.

Subgroup analysis
We performed a subgroup analysis by area. Table 3 details 
the results. Southern Chinese individuals were the subjects in 
two studies, while one study involved northwestern Chinese 
individuals. The association between rs3025039 and suscep-
tibility to BA was not significant in southern Chinese patients 
(C vs T: OR=1.64, 95% CI 0.50 to 5.37; CC vs TT: OR=1.40, 
95% CI 0.27 to 7.14; CT+CC vs TT: OR=1.06, 95% CI 0.40 
to 2.80; CC vs CT+TT: OR=1.72, 95% CI 0.48 to 6.14). For 
the northwestern Chinese subgroup, we could not perform 
a meta-analysis because there was only one study.

Table 2  Main results of the meta-analysis

Studies (n)
Comparison 
model

Test of association Test of heterogeneity P value for publication bias

OR 95% CI P value Q P value I2 (%) Begg’s test Egger’s test

3 C vs T 1.50 0.90 to 2.49 0.121 16.52 0.001 87.9 0.602 0.422

3 CC vs TT 2.02 0.58 to 6.99 0.269 7.49 0.024 73.3

3 CT+CC vs TT 1.78 0.60 to 5.32 0.299 2.96 0.052 66.2

3 CC vs CT+TT 1.53 0.89 to 2.63 0.124 5.92 0.001 86.3

CI, confidence interval; OR, odd ratio.

Figure 2  Forest plot of per-allele model of the association between VEGFA rs3025039 polymorphism and biliary atresia. 
VEGFA, vascular endothelial growth factor A.

 on A
pril 29, 2025 by guest. P

rotected by copyright.
http://w

jps.bm
j.com

/
W

orld Jnl P
ed S

urgery: first published as 10.1136/w
jps-2021-000344 on 6 January 2022. D

ow
nloaded from

 

https://dx.doi.org/10.1136/wjps-2021-000344
https://dx.doi.org/10.1136/wjps-2021-000344
http://wjps.bmj.com/


5He S, et al. World Jnl Ped Surgery 2022;5:e000344. doi:10.1136/wjps-2021-000344

Open access

Sensitivity analysis
A sensitivity analysis was performed to evaluate the effects of 
individual studies on the pooled OR. The pooled OR with 
95% CI changed after omitting Liu et al12 (OR=2.03, 95% CI 
1.03 to 3.98), suggesting that this study was a source of heter-
ogeneity (I2 decreased from 87.9% to 66.9%) (figure 3).

Publication bias
Both tests supported the absence of publication bias (p 
value for Begg’s test=0.602, p value for Egger’s test=0.422; 
table 2). However, the shape of the funnel plot was asym-
metric (figure 4). Because a funnel plot requires at least five 
studies and because we considered only three studies, there 
was a possibility that there was a possibility for the funnel 
plot to show asymmetry. Therefore, we considered only the 
results of the Begg’s and Egger’s tests.

DISCUSSION
We conducted a systematic review of the association between 
VEGFA rs3025039 polymorphism and susceptibility to BA. 
Lee et al10 were the first to identify VEGFA as a susceptibility 
locus for BA in Chinese patients. This result has biological 
plausibility; VEGFA is a mediator of the pathogenesis of 
BA. As a proinflammatory cytokine, VEGFA participates in 
various processes including cell proliferation, cell migration, 
and apoptosis, all of which occur in cell-mediated immune-
inflammatory diseases, such as BA.5 6 8 There are several 
independent verifications of this association, but the conclu-
sions remain controversial because the results of different 
studies in China were conflicting.11 12

We found a difference between cases and controls in 
comparisons of all genotypes of rs3025039, suggesting that 
rs3025039 polymorphism may not correlate with suscepti-
bility to BA. A subgroup analysis by area further suggested no 
significant association between rs3025039 and susceptibility 
to BA. Given that only one study included the subgroup 

of northwestern Chinese, our study did not demonstrate 
a solid correlation between rs3025039 and BA in north-
western Chinese patients.

The absence of significant findings may stem from the 
fact that we included only three original studies in this study. 
In addition, as the sample size increased, the association 
between rs3025039 and susceptibility to BA decreased in the 
three studies. We observed statistical significance in only two 
studies with small numbers of participants. Therefore, the 
statistical power was relatively low, suggesting that the asso-
ciation might be spurious. For the first reason, more orig-
inal studies regarding the association between rs3025039 
and susceptibility to BA are necessary to generate accurate 
results. However, for the second reason, the effect may be 
relatively small or not at all, and explicit exploration of this 
association may result in an unnecessary study. Therefore, 
it may be more cost-effective to devote more resources to 
explore other potential biomarkers.

Several limitations need to be acknowledged when consid-
ering the results of our study. First, the quantity and sample 
size of the included studies were insufficient to obtain high 
power for making a confirmatory conclusion, even though 
we undertook a comprehensive literature search. Second, 
all study subjects came from China only; therefore, we 
could not avoid potential selection bias. Third, residual 
confounders were possible because BA is a multifactorial 
and complicated disease, involving gene–environment and 
gene–gene interactions. We could not detect these effects 
due to limited information. Fourth, there was a lack of suffi-
cient data; therefore, we did not conduct a subgroup analysis 
of familial and other BA types. Finally, there was significant 
heterogeneity that might distort the results. Several aspects 
may cause heterogeneity, including differences in experi-
mental methods across studies. Therefore, readers should 
interpret our results with caution.

Table 3  Results of the subgroup analysis

Area Studies (n) Comparison model OR 95% CI

Southern 2 C vs T 1.64 0.50 to 5.37

2 CC vs TT 1.40 0.27 to 7.14

2 CT+CC vs TT 1.06 0.40 to 2.80

2 CC vs CT+TT 1.72 0.48 to 6.14

CI, confidence interval; OR, odd ratio.

Figure 3  Forest plot of per-allele model for sensitivity analysis.
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Despite the limitations, we believe that the present study 
provides useful evidence regarding the role of VEGFA 
rs3025039 polymorphism in BA. The sample size of each 
study included in this study was insufficient to make a defi-
nite conclusion regarding the association between rs3025039 
polymorphism and susceptibility to BA; however, the pooled 
OR calculated from the three studies significantly increased 
the statistical power. It is worth noting that the sample size 
increased from 205 subjects in the first study to 3667 subjects 
in our study. Reaching a relative sufficient statistical power is 
crucial in GAS. Furthermore, no significant publication bias 
was found in this study and the result was relatively stable in 
the subgroup analysis.

In conclusion, VEGFA rs3025039 polymorphism might not 
be associated with an elevated risk of BA in Chinese popula-
tion. Obtaining a definitive conclusion regarding this asso-
ciation may entail additional research. Future studies are 
recommended to identify other possible genetic markers.
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PubMed（1900/00/00-2020/08/18）

((((Biliary atresia[MeSH Terms]) OR ((((((((((Biliary atresia[Title/Abstract]) OR (Atresia,
Biliary[Title/Abstract])) OR (Intrahepatic Biliary Atresia[Title/Abstract])) OR (Atresia,
Intrahepatic Biliary[Title/Abstract])) OR (Biliary Atresia, Intrahepatic[Title/Abstract])) OR
(Biliary Atresia, Extrahepatic[Title/Abstract])) OR (Atresia, Extrahepatic Biliary[Title/Abstract]))
OR (Extrahepatic Biliary Atresia[Title/Abstract])) OR (Idiopathic Extrahepatic Biliary
Atresia[Title/Abstract])) OR (Familial Extrahepatic Biliary Atresia[Title/Abstract])))) AND
((((((((((((Vascular Endothelial Growth Factor-A[Title/Abstract]) OR (VEGF-A[Title/Abstract]))
OR (VEGFA[Title/Abstract])) OR (Vasculotropin[Title/Abstract])) OR (VEGF[Title/Abstract]))
OR (Vascular Endothelial Growth Factor[Title/Abstract])) OR (Vascular Permeability
Factor[Title/Abstract])) OR (Permeability Factor, Vascular[Title/Abstract])) OR (Glioma-Derived
Vascular Endothelial Cell Growth Factor[Title/Abstract])) OR (Glioma Derived Vascular
Endothelial Cell Growth Factor[Title/Abstract])) OR (GD-VEGF[Title/Abstract])) OR ((Vascular
Endothelial Growth Factor A[MeSH Terms]) OR (Vascular Endothelial Growth Factors[MeSH
Terms])))) AND (("1900/01/01"[Date - Publication] : "2020/08/18"[Date - Publication]))

Embase（1900/00/00-2020/08/18）

No. Query Results Date

#30 #12 AND #27 AND [1-1-1900]/sd NOT
[18-8-2020]/sd 28 20-Aug-20

#29 #12 AND #27 AND [1-1-1900]/sd NOT
[19-8-2020]/sd 28 20-Aug-20

#28 #12 AND #27 28 20-Aug-20

#27
#13 OR #14 OR #15 OR #16 OR #17 OR #18
OR #19 OR #20 OR #21 OR #22 OR #23 OR
#24 OR #25 OR #26

151830 20-Aug-20

#26 vascular endothelial growth factors':ti,ab 1250 20-Aug-20
#25 vascular endothelial growth factor a':ti,ab 4416 20-Aug-20
#24 gd-vegf':ti,ab 2 20-Aug-20

#23 glioma derived vascular endothelial cell growth
factor':ti,ab 1 20-Aug-20

#22 glioma-derived vascular endothelial cell growth
factor':ti,ab 1 20-Aug-20

#21 permeability factor, vascular':ti,ab 123 20-Aug-20
#20 vascular permeability factor':ti,ab 687 20-Aug-20
#19 vascular endothelial growth factor':ti,ab 74734 20-Aug-20
#18 vegf':ti,ab 98548 20-Aug-20
#17 vasculotropin':ti,ab 13 20-Aug-20
#16 vegfa':ti,ab 12762 20-Aug-20
#15 vegf-a':ti,ab 9885 20-Aug-20
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#14 vascular endothelial growth factor-a':ti,ab 4416 20-Aug-20
#13 vasculotropin'/exp 109406 20-Aug-20

#12 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR
#8 OR #9 OR #10 OR #11 8458 20-Aug-20

#11 familial extrahepatic biliary atresia':ti,ab 5 20-Aug-20
#10 idiopathic extrahepatic biliary atresia':ti,ab 1 20-Aug-20
#9 extrahepatic biliary atresia':ti,ab 615 20-Aug-20
#8 atresia, extrahepatic biliary':ti,ab 5 20-Aug-20
#7 biliary atresia, extrahepatic':ti,ab 1 20-Aug-20
#6 biliary atresia, intrahepatic':ti,ab 7 20-Aug-20
#5 atresia, intrahepatic biliary':ti,ab 0 20-Aug-20
#4 intrahepatic biliary atresia':ti,ab 34 20-Aug-20
#3 atresia, biliary':ti,ab 27 20-Aug-20
#2 biliary atresia':ti,ab 6581 20-Aug-20
#1 bile duct atresia'/exp 7634 20-Aug-20

CBM（1900-2020）
("胆道闭锁"[摘要]) AND (("血管内皮生长因子 A"[摘要] OR "血管内皮生长因子"[摘要] OR
"VEGFA"[摘要 ] OR "VEGF"[摘要 ] OR "Vascular Endothelial Growth Factor A"[摘要 ] OR
"Vascular Endothelial Growth Factors"[摘要] OR "Vascular Endothelial Growth Factor"[摘要])
AND 1900-2020[日期])
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Table S1: The checklist of Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Section/topic # Checklist item Reported
on page #

TITLE
Title 1 Identify the report as a systematic review, meta-analysis, or both. Page 1

ABSTRACT
Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria,

participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

Page 1

INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of what is already known. Page 2
Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,

outcomes, and study design (PICOS).
Page 2

METHODS
Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide

registration information including registration number.
Page 3

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered,
language, publication status) used as criteria for eligibility, giving rationale.

Page 3

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify
additional studies) in the search and date last searched.

Page 3

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be
repeated.

Page 3

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable,
included in the meta-analysis).

Page 3

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes
for obtaining and confirming data from investigators.

Page 3

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and
simplifications made.

Page 3

Risk of bias in individual
studies

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was
done at the study or outcome level), and how this information is to be used in any data synthesis.

Page 3

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). Page 3
Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency

(e.g., I2) for each meta-analysis.
Page 3-4
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Section/topic # Checklist item Reported
on page #

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective
reporting within studies). Page 3

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating
which were pre-specified. Page 4

RESULTS

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at
each stage, ideally with a flow diagram. Page 5

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and
provide the citations. Page 5

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). Page 5

Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. Page 5

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. Page 5
Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). Page 5

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). Page 5
DISCUSSION

Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to
key groups (e.g., healthcare providers, users, and policy makers). Page 6

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of
identified research, reporting bias). Page 6

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research. Page 6
FUNDING

Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the
systematic review.

Title
page

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097.
doi:10.1371/journal.pmed1000097

For more information, visit: www.prisma-statement.org.
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Table S2: Scale for quality assessment of selected study.

Abbreviation: BA, biliary atresia.

Criteria Score
Representativeness of cases
Consecutive/randomly selected from case population with clearly defined sampling
frame

2

Consecutive/randomly selected from case population without clearly defined sampling
frame or with extensive inclusion/exclusion criteria

1

No method of selection described 0
Representativeness of controls
Controls were consecutive/randomly drawn from the
same sampling frame (ward/community) as cases

2

Controls were consecutive/randomly drawn from
a different sampling frame as cases

1

Not described 0
Ascertainment of BA
Clearly described objective criteria for diagnosis of BA 2
Diagnosis of BA by patient self-report or by patient history 1
Not described 0
Ascertainment of controls
Controls were ruled out BA. i.e., perform laparoscopic cholangiography, biopsy of
the liver and extrahepatic biliary tree or clinical followed up

2

Controls were subjects who did not report BA; no objective testing 1
Not described 0
Genotyping examination
Genotyping done under ‘‘blinded’’ condition 1
Un-blinded or not mentioned 0
Hardy-Weinberg equilibrium
Hardy-Weinberg equilibrium in control group 2
Hardy-Weinberg disequilibrium in control group 1
No checking for Hardy-Weinberg equilibrium 0
Association assessment
Assess association between genotypes and BA with appropriate statistics and
adjustment for confounders

2

Assess association between genotypes and BA with appropriate statistics without
adjustment for confounders

1

Inappropriate statistics used 0
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Table S3: Quality assessment of included studies.

Study Representativeness
of cases

Representativeness
of controls

Ascertainment
of BA

Ascertainment
of controls

Genotyping
examination

Hardy-Weinberg
equilibrium

Association
assessment

Total
score

Lee, H. C. et al 2010 0 0 2 1 0 2 1 6

Liu, B.et al 2017 0 0 2 1 0 2 1 6

Liu, F. et al 2018 0 2 2 1 0 2 2 9

Abbreviation: BA, biliary atresia.
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