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Abstract

HIF1A gene polymorphisms have been confirmed the association with cancer risk through
the statistical meta-analysis based on single genetic association (SGA) studies. A good
number SGA studies also investigated the association of HIF 1A gene with several other dis-
eases, but no researcher yet performed statistical meta-analysis to confirm this association
more accurately. Therefore, in this paper, we performed a statistical meta-analysis to draw
a consensus decision about the association of HIF1A gene polymorphisms with several dis-
eases except cancers giving the weight on large sample size. This meta-analysis was per-
formed based on 41 SGA study’s findings, where the polymorphisms rs11549465 (1772 C/
T) and rs11549467 (1790 G/A) of HIF1A gene were analyzed based on 11544 and 7426
cases and 11494 and 7063 control samples, respectively. Our results showed that the 1772
C/T polymorphism is not significantly associated with overall disease risks. The 1790 G/A
polymorphism was significantly associated with overall diseases under recessive model (AA
vs. AG + GG), which indicates that the A allele is responsible for overall diseases though it is
recessive. The subgroup analysis based on ethnicity showed the significant association of
1772 C/T polymorphism with overall disease for Caucasian population under the all genetic
models, which indicates that the C allele controls overall diseases. The ethnicity subgroup
showed the significant association of 1790 G/A polymorphism with overall disease for Asian
population under the recessive model (AAvs. AG + GG), which indicates that the A allele is
responsible for overall diseases. The subgroup analysis based on disease types showed
that 1772 C/T is significantly associated with chronic obstructive pulmonary disease
(COPD) under two genetic models (Cvs. Tand CCvs. CT + TT), skin disease under two
genetic models (CCvs. TTand CC+ CTvs. TT), and diabetic complications under three
genetic models (Cvs. T, CTvs. TTand CC+ CTvs. TT), where C allele is high risk factor for
skin disease and diabetic complications (since, ORs > 1), but low risk factor for COPD
(since, ORs < 1). Also the 1790 G/A variant significantly associated with the subgroup of car-
diovascular disease (CVD) under homozygote model, diabetic complications under allelic
and homozygote models, and other disease under four genetic models, where the A s high
risk factor for diabetic complications and low risk factor for CVD. Thus, this study provided
more evidence that the HIF1A gene is significantly associated with COPD, CVD, skin
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disease and diabetic complications. These might be the severe comorbidities and risk fac-
tors for multiple cancers due to the effect of HIF1A gene and need further investigations
accumulating large number of studies.

Introduction

In the scientific community, hypoxia-inducible factor lo. (HIFI1A), a transcription factor, has
been a research focus to explain its role in oxygen sensing under normal and hypoxic condi-
tions. Many aspects of Human physiology need to match oxygen supply to cellular metabolism
and presumably regulate gene expression by sensing oxygen [1]. HIFIA regulates the expres-
sion of hundreds of genes [2, 3] involved in many biological processes, including neovasculari-
zation, angiogenesis, cytoskeletal structure, apoptosis, adhesion, migration, invasion,
metastasis, glycolysis, and metabolic bioenergetics [4-6]. Low oxygen levels or hypoxia repre-
sent an important microenvironment condition to affect the pathology of many human dis-
eases, including cancer, diabetes, aging, and stroke/ ischemia (7, 8]. HIFIA 1772 C/T
(rs11549465) and 1790 G/A (rs11549467) single nucleotide polymorphisms (SNPs) have been
identified in association with different types of cancers [9-14]. In recent years, a study also
reviewed the association of HIF1A 1772 C/T and 1790 G/A polymorphisms with different
types of cancers and found that both polymorphisms are significantly associated with overall
cancers [15]. The subgroup analyses indicated 1772 C/T polymorphism in association with
decreasing the risk of renal cell carcinoma and the 1790 G/A polymorphism with significantly
increased cancer risk in the Asian and Caucasian population [15]. However, a good number of
single genetic association (SGA) studies also reported the association of these two polymor-
phisms with other diseases, including type 2 diabetes (T2D), cardiovascular diseases (CVD),
lung disease, autoimmune diseases, inflammatory diseases, preeclampsia, osteoarthritis, lum-
bar disc degeneration, high altitude polycythemia, age-related macular degeneration and
many more [16-54]. The SGA study of Hernandez-Molina et al. [18] reported that HIF1A
1772 C/T is a significant genetic factor for autoimmune disease, whereas some other studies
[25, 31] found its insignificant association. Similarly, some authors showed the significant
association of HIFIA (1772 C/T and 1790 G/A) with cardiovascular diseases (CVD) [21, 40],
though some authors did not find the significant effect in the same question [22, 26]. Again for
inflammatory diseases, a significant association was claimed by [20, 38], and an insignificant
association by [27, 32, 41]. For Chronic obstructive pulmonary disease (COPD), Yu et al. [17]
and Putra et al. [39] claimed the significant and insignificant association with HIFI1A gene
polymorphisms, respectively. Wei et al. [37] showed significant association of 1772 C/T and
insignificant association of 1790 G/A polymorphisms of HIF1A with COPD. The both SNPs of
HIF1A gene were significantly associated with preeclampsia [16, 24], but another study found
their insignificant association [34]. Likewise, Geza et al. [29] reported the significant associa-
tion of diabetes (type 1 & 2) with HIF1A 1772 C/T polymorphism, and Yamada et al. [35] also
suggested that HIF1A 1772 C/T is significantly associated with type 2 diabetes (T2D) and
HIFIA 1790 G/A is not. Another two studies claimed the insignificant association between
HIF1A gene polymorphisms and type 2 diabetes [45, 50]. Ekberg et al. [51], and Bi et al. [52]
both found the significant association of HIF1A gene polymorphisms with diabetic complica-
tion diseases, but Liu et al. (a) [45] and Pichu et al. (b) [50] found no relation. Also, Lin et al.
[33] reported that the HIF1A 1790 G/A might be played a protecting role significantly to
develop the lumbar disc degeneration (LDD), and HIFIA 1772 C/T did not play any role with
the severity of LDD. Some authors also checked the association of the HIF1A gene with
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cellulite [28], hemodialysis patients [30], high-altitude polycythemia (HAPC) [36], and age-
related macular degeneration (AMD) [23]. They found the significant association of HIFI1A
with cellulite, and insignificant association of HIF1A with hemodialysis patients, HAPC and
AMD risk.

Thus, we observed that different SGA studies produce inconsistent results about the associ-
ation of HIF1A gene polymorphisms with multiple disease risks beyond cancers. This type of
inconsistent results may be produced due to the small sample size and/or heterogeneous popu-
lation in each of the individual SGA studies. Therefore, a consensus decision about the associa-
tion of HIFIA gene polymorphisms with multiple disease risk is required to make a treatment
plan against this genetic effect. To make a consensus decision about the contradictory findings
of different studies more accurately, researchers usually consider statistical meta-analysis [15,
55-60]. The meta-analysis makes a decision about the association more accurately compared
to SGA studies. Therefore, in this study, we considered statistical meta-analysis to make a con-
sensus decision about the association of HIFIA gene (1772 C/T and 1790 G/A) polymorphisms
with several disease risks excluding cancers, giving the weight on large sample size and appro-
priate statistical modeling.

Material and methods
Search strategy

PubMed, PubMed Central and Google Scholar were searched to retrieve relevant articles pub-
lished between 2001 to October 2021 in the English language for this Meta-analysis. For
searching the following terminologies were considered: (i) HIF1A, (ii) genetic association, (iii)
SNPs, (iv) HIF1A, polymorphisms, (v) rs11549465 or 1772 C/T or P582S, (vi) rs11549467 or
1790 A/G or A588T, (vii) case-control study, (viii) disease, (ix) HIF1A, diseases (x) HIF1A,
disorders.

Eligibility criteria

The title and abstract of the primarily selected relevant studies were independently investigated
by two authors. For the final review some important inclusion-exclusion criteria were used to
extract data and only included if the studies were (i) designed to examine the association
between HIFIA gene polymorphisms (C1772T, A1790G) and disease/ disorder risk; (ii)
Human case-control studies; (iii) sufficient to provide significant data of genotype frequency.

Data extraction

For the final review, the following information from each of the included studies was extracted,
like; first author, year of publication, country of origin, ethnicity of the study subject, number
of cases and control, disease type, allelic and genotypic distribution, and so on according to the
PRISMA statement [61]. To confirm the validity of a selected SGA study for inclusion in the
meta-analysis, the Hardy-Weinberg equilibrium (HWE) test was performed using the Chi-
square statistic. A study was considered suitable for meta-analysis only if Pr{y’,ps < x°} > .05
exist (Table 1).

Quality assessment

Two authors independently checked the assessment of individual study quality by using the
Newcastle-Ottawa Scale (NOS) [62]. The total Nine point NOS score was generated through
the categories of selection (4 points), comparability (2 points), and exposure (3 points). The
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Table 1. Characteristic of 38 and 24 studies included in the meta-analysis of HIF1A 1772 C/T and 1790 G/A polymorphisms, respectively.

Author ‘ Year Country Ethnicity Diseases ‘ Case/ Control Pywe
rs11549465

Harati-Sadegh et al. [16] 2018 Iran Mixed Preeclampsia 203/202 0.038
Yuetal. [17] 2017 China Asian Chronic obstructive pulmonary disease (COPD) 164/161 0.025
Hernandez-Molina et al. [18] 2017 Mexico Mixed Primary Sjogren syndrome 106/135 0.038
Fernandez-Torres et al. [20] 2015 Mexico Mixed Osteoarthritis 70/66 0.230
Hlatky et al. [21] 2007 USA Caucasian Coronary artery disease (CAD) 909/466 0.157
Duran et al. [22] 2015 Spain Caucasian Coronary artery disease (CAD) 518/112 0.994
Okur et al. [23] 2014 Turkey Caucasian Age-related macular degeneration (AMD) 87/80 0.779
Andraweera et al. [24] 2014 Sri Lanka Asian Preeclampsia 174/168 0.262
Feng et al. [25] 2014 China Asian Systemic lupus erythematosus 1495/2294 0.397
Torres et al. [27] 2010 Spain Caucasian Gaint cell arteritis 215/470 0.064
Emanuele et al. [28] 2010 Italy Caucasian Cellulitis 200/200 0.000
Geza et al. (a) [29] 2009 Hungary Caucasian Type 1 diabetes 166/354 0.203
Geza et al. (b) [29] 2009 Hungary Caucasian Type 2 diabetes 370/354 0.203
Zheng et al. [30] 2009 Korea Asian Hemodialysis 14/360 0.257
Wipff et al. [31] 2009 France Caucasian Systemic sclerosis 640/463 0.730
Chachami et al. [32] 2013 Greek Caucasian Osteoarthritis 134/63 0.777
Lin et al. [33] 2013 China Asian Lumbar disc degeneration (LDD) 274/301 0.193
Nava-Salazar et al. [34] 2011 Mexico Mixed Preeclampsia 150/105 0.608
Yamada et al. [35] 2005 Japan Asian Type 2 diabetes 440/572 0.084
Chen et al. [36] 2016 China Asian High altitude polycythemia (HAPC) 234/250 0.446
Wei et al. [37] 2015 China Asian Chronic obstructive pulmonary disease (COPD) 120/112 0.733
de Carvalho Fraga et al. [38] 2013 Brazil Mixed Oral lichen planus (OLP) 32/88 0.000
Putra et al. [39] 2013 Japan Asian Chronic obstructive pulmonary disease (COPD) 48/110 0.545
Q. Liu et al. [40] 2013 China Asian Coronary artery disease (CAD) 356/213 0.862
Zafar et al. [42] 2021 Pakistan Asian Metabolic syndrome 200/200 0.031
Sheng et al. [43] 2019 China Asian Left ventricular hypertrophy 198/385 0.097
Urganci et al. [44] 2019 Turkey Asian Psoriasisy 150/150 0.576
Liu et al. (a) [45] 2021 China Asian Type 2 diabetes 150/144 0.397
Liu et al. (b) [45] 2021 China Asian Diabetic retinopathy 149/144 0.397
Takagi et al. [46] 2020 Japan Asian Systemic sclerosis 182/178 0.468
Saravani et al. [47] 2019 Iran Asian Multiple sclerosis 150/150 0.014
Qin et al. [48] 2020 China Asian Parkinson’s disease 1692/1419 0.483
Tsukatani et al. [49] 2021 Japan Asian Pressure injury 130/48 0.883
Pichu et al. (a) [50] 2015 India Asian Type 2 diabetes 79/66 0.000
Pichu et al. (b) [50] 2015 India Asian Diabetic food ulcer 79/66 0.000
Ekberg et al. [51] 2019 Sweden Caucasian Diabetic retinopathy 555/148 0.000
Bietal. [52] 2015 China Asian Diabetic nephropathy 140/104 0.395
Guetal. [53] 2013 USA Caucasian Diabetic nephropathy 571/594 0.159
rs11549467

Harati-Sadegh et al. [16] 2018 Iran Mixed Preeclampsia 203/202 0.637
Senhaji et al. [41] 2017 Morocco Mixed Inflammatory bowel disease (IBD) 199/308 0.810
Yuetal [17] 2017 China Asian Chronic obstructive pulmonary disease (COPD) 164/161 0.000
Hernandez-Molina et al. [18] 2017 Mexico Mixed Primary Sjogren syndrome 108/91 0.958
Fernandez-Torres et al. [20] 2015 Mexico Mixed Osteoarthritis 70/66 0.951
Hlatky et al. [21] 2007 USA Caucasian Coronary artery disease (CAD) 909/466 0.815
Bahadori et al. [26] 2010 Austria Caucasian Peripheral artery disease (PAD) 917/969 0.613

(Continued)
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Table 1. (Continued)

Author Year
Torres et al. [27] 2010
Chachami et al. [32] 2013
Lin et al. [33] 2013
Nava-Salazar et al. [34] 2011
Yamada et al. [35] 2005
Chen et al. [36] 2016
Wei et al. [37] 2015
Putra et al. [39] 2013
Q. Liu et al. [40] 2013
Sheng et al. [43] 2019
Liu et al. (a) [45] 2021
Liu et al. (b) [45] 2021
Takagi et al. [46] 2020
Qin et al. [48] 2020
Tsukatani et al. [49] 2021
Pichu et al. (a) [54] 2018
Pichu et al. (b) [54] 2018

Country Ethnicity Diseases Case/ Control Puwe
Spain Caucasian Gaint cell arteritis 215/470 0.908
Greek Caucasian Osteoarthritis 134/63 0.846
China Asian Lumbar disc degeneration (LDD) 274/301 0.062
Mexico Mixed Preeclampsia 150/105 0.961
Japan Asian Type 2 diabetes 440/572 0.364
China Asian High altitude polycythemia (HAPC) 234/250 0.092
China Asian Chronic obstructive pulmonary disease (COPD) 120/112 0.585
Japan Asian Chronic obstructive pulmonary disease (COPD) 48/110 0.655
China Asian Coronary artery disease (CAD) 356/213 0.753
China Asian Left ventricular hypertrophy 198/385 0.058
China Asian Type 2 diabetes 150/144 0.765
China Asian Diabetic retinopathy 149/144 0.765
Japan Asian Systemic sclerosis 182/174 0.409
China Asian Parkinson’s disease 1692/1419 0.173
Japan Asian Pressure injury 130/48 0.883
India Asian Type 2 diabetes 185/145 0.000
India Asian Diabetic food ulcer 199/145 0.000

Pywe P-value of the chi-square goodness-of-fit test for Hardy-Weinberg equilibrium in control population; Pywe > 0.05 means satisfied HWE, otherwise not

https://doi.org/10.1371/journal.pone.0273042.t001

NOS score of an individual study is considered poor (0-3), fair (4-6) and excellent (7-9) qual-
ity. In our meta-datasets, 38 studies showed excellent quality and 3 were fair quality (S1 Table).

Statistical meta-analysis

To perform meta-data on SGA studies, we used the following statistical analysis. The HWE test
was performed using the Chi-square statistic to confirm the suitability of a selected study for
inclusion in the meta-analysis. The consistency of genotypic ratio under the control population
was used as the null hypothesis (Ho) for the HWE test. The test statistic of Ho is defined as

2
2= O, 0
which follows chi-square distribution with 1 degree of freedom, where O; and E; denote observe
and expected frequency of the genotype, respectively. If p and g denote the probabilities of two
alleles (e.g. C and T), respectively and O; = obs(i) is observed frequency of ith genotype among
the 3 genotypes CC, CT and TT. Then p and q are defined as follows

B 2 % obs(CC) + obs(CT)
2 x (obs(CC) + obs(CT) + obs(TT))

p ; andg=1-p (2)
Then the expected frequency of ith genotype is E; = E(i), which defined as E(CC) = p°n, E
(CT) =2pgn, E(TT) = q2 n, where n is total number of observations.

To investigate the association of SNPs with multiple diseases based on pooled odds ratios
(ORs), the individual OR of kth SGA study was calculated as follows

bk
bbb,
OR, = 2 — 1k 4% (3)
FE byby
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where by, and by stands for exposures and b;; and by, non-exposures frequencies, in case-
control groups of kth study, respectively (for example, the genetic model C vs. T, where C is
exposer and T is non-exposer). Then the pooled ORs under the each of five different genetic
models (dominant model [CC + CT vs. TT or AA + AG vs. GGJ, homozygote model [CC vs.
TT or AA vs. GGJ, heterozygote model [CT vs. TT or AG vs. GG], recessive model [CC vs. CT
+ TT or AA vs. AG + GG], and allelic contrast model [C vs. T or A vs. G]) was calculated by
using the random effects model (REF) for the highly significant heterogeneity (p-value < 0.10)
among SGA studies, otherwise, fixed effects model (FEM) was used as suggested by other
researchers [63, 64]. This heterogeneity was tested using Cochran’s Q statistic which will be
introduced later. To calculate pooled ORs based on FEM, the Mentel-Haenszel (MH) method
was used as follows.

The FEM for kth SGA study is defined as

Bk =Prt+ € (4)

where,

R Zszl (hllzi;b4k) bogbag
B e lefﬂ >

K by b- - K boy.b-
S () S ()

x OR,, (5)

~ 1
var(e) = oy
VT )

Ek =1In(ORy), Ni = b+ box + b3y + bax and the error term ¢, ~ N(0, 67).
Again, to calculate pooled ORs based on REM, the inverse variance method was used as

follows.
The REM for kth SGA study is defined as

B = Br+ Vi + & (6)
PONRNY foar(in = [
_1 WkrPk o o
where, v, ~ N(O,Tz),ﬁR = ﬁ, se(ﬁR) = VﬂT(ﬁR) = m, Wir = gzﬁv
—(K—-1 1
g QD 1

~ 1 1 1 1
o, = var(In(OR,)) =5 T te (7)
i O Oy Oy

The 95% confidence interval (CI) for pooled ORs can be obtained based on z-statistic as fol-

lows
Pro{BF —1.964/ Var(ﬁp) <z< BF +1.964/ Var(/AfF)} =0.95, for FEM
Pro{B\R — 1.964/ Var(ER) <z< BR +1.964/ Var(ﬁR)} =0.95, for REM
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where
\Z/%ﬂ . for FEM
Wk
= . (8)
ZkaRﬁ k for REM

vV ZkaR’

Then the Cochran’s Q statistic [65] is defined as

K n Zszl WkBk 2 2
Q B, — &kl TRk 9
Zkzlwk ( k Zle w, ) X(K—l) ( )

and its extended Higgin’s and Thompson P—statistic [66] was also used to check the heteroge-
neity of SGA studies. The I°-statistic is defined as

2o max{O, Q-(K-1)

X 100%} (10)

The I values >25%, >50% and >75% defined as low, moderate, and high heterogeneity,
respectively.

Subgroup analyses were performed based on ethnicity and disease types. Sensitivity analysis
was carried out using both the full data and reduced data, where the reduced dataset did not
included the SGA studies that were rejected by the HWE validation test.

To investigate the publication bias on the included SGA studies in the meta-analysis, we
constructed the funnel plot, where the standard error (se) of the estimated effect was plotted
against the ORs [63, 64, 67]. Also, Egger’s regression test and Begg’s test [68, 69] was per-
formed for quantitative evaluation (p-value < 0.05 indicates the existence of publication bias).
The Egger regression test was performed under Hy: o = 0 (absence of publication bias) and the
test statistic follows as

~

0
T=——~ ity 11
) " (11)

where 0 is estimated by the least square estimation with the respective following models

Bk\/w_k =0+ u/w,+¢,, for FEM, and (12)
Bk,/ka =0+ uy/wy+¢g, forREM, (13)

with g,~iid N(0, 0*). The Begg’s test was performed under Hy: & = 0 (absence of publication
bias) and the test statistic follows
B C-D
VK(K —1)(2K +5)/18

N(0,1) (14)

where C and D represents concordant and discordant number, respectively, and obtained by
using the Kendall’s ranking of f; and 67 or ;,. Here

= (15)
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where, t; = ORy is denoted the OR of kth study, and

D Wity
b
V kak

t
2iMabe o REM

V2 iWix 7

for FEM

~|
|

(16)

ol —1
=t/ S w,, for FEM
g = (17)

o, —1
w= L S Wy, for REM

Also, we studied a false positive report probability (FPRP) to verify whether the findings
could be regarded as false positives or not [70]. We computed the statistical power and FPRP
based on our significant ORs using the following mechanism,

FPRP = o(1 — m)/[0(1 — =) + (1 — B)7] (18)

where, o is the level of significance, 7 is the prior probability and (1- B) is statistical power.
To implement all the statistical analysis, we used ‘meta’ package in R program (http://meta-
analysis-with-r.org/).

Results
Study characteristics

Initially, 187 studies were selected through text mining that included the HIFIA gene and poly-
morphisms in their title or abstracts. After screening of the duplications, excluding the studies
that did not match with the eligibility criteria or had incomplete information, a total of 41
studies were selected based on the PRISMA statement for the final review (Fig 1). In this study,
35 studies comprised 38 datasets of the HIFIA 1772 C/T polymorphism with a sample size of
23038 (comprising 11544 cases and 11494 controls), and 22 studies comprised 24 datasets for
the HIF1A 1790 G/A polymorphism with a sample size of 14489 (comprising 7426 cases and
7063 controls) were incorporated. For Meta-analysis of HIFIA 1772 C/T and 1790 G/A poly-
morphisms, the types of diseases included (after excluding all types of cancer) were grouped as
cardiovascular diseases (CVDs), type 2 diabetes (T2D), autoimmune diseases, inflammatory
diseases, chronic obstructive pulmonary disease (COPD), preeclampsia, skin disease, diabetic
complications, and other (age-related macular degeneration (AMD), Hemodialysis, lumbar
disc degeneration (LDD), high altitude polycythemia (HAPC), metabolic syndrome, pressure
injury). The ‘other’ disease group was made in case of a single study of each disease to perform
this meta-analysis. The subgroup of respective diseases was shown in S4 Table.

Quantitative synthesis of HIF1IA 1772 C/T polymorphism. Results generated through
this meta-analysis indicated that the HIF1A 17772 C/T polymorphism was insignificantly asso-
ciated with the overall disease risk under all genetic models [C vs. T: OR = 1.12, 95%
CI=0.97-1.29, p-value = 0.113]; [CC vs. TT: OR = 1.16, 95% CI = 0.94-1.44, p-value = 0.154];
[CTvs. TT: OR = 1.15, 95% CI = 0.83-1.59, p-value = 0.395]; [CC + CT vs. TT: OR = 1.14, 95%
CI =0.86-1.51, p-value = 0.375]; and [CC vs. CT + TT: OR = 1.10, 95% CI = 0.93-1.31, p-
value = 0.257;] (Table 2; Fig 2; S1-S5 Figs in S1 File).

The subgroup analyses results based on disease type showed that the HIF1A 1772 C/T poly-
morphism is significantly associated with increasing the risk of diabetic complications under
three genetic models: [Cvs. T: OR = 1.34, 95% CI = 1.12-1.61, p-value = 0.001]; [CT vs. TT:
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Records identified through database (PubMed, PubMed Central, Google
g Scholar, Web of Science) searching
g (n=187)
Q
=)
5]
=
Records after duplicates removed
— (n=109) Records excluded (no full
[ ] _| text article, no case-control)
(n=45)
on
g Records screened
?3 (n=064)
15}
5]
| Full-textarticles assessed
] for eligibility -
_ Full-textarticles excluded
(n=064) : .
(incomplete data, duplicated
>
o report)
= — " — (n=23)
ﬁ Studies included in qualitative
synthesis
(n=41)
g A total of 35 studies with 38 datasets of A total of 22 studies with 24 datasets of
s HIF1A 1511549465 included in the final HIF1A 1511549467 included in the final
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Fig 1. Flow diagram for study selection with HIF1A gene polymorphisms rs11549465 and rs11549467.

https://doi.org/10.1371/journal.pone.0273042.9001

OR =2.43,95% CI = 1.41-4.18, p-value = 0.001]; [CC + CT vs. TT: OR = 2.11, 95% CI = 1.29-
3.43, p-value = 0.003]. For skin diseases group, this polymorphism was also significantly increas-
ing the risk of disease under two genotypic models [CC vs. TT: OR = 3.01, 95% CI = 1.09-8.32, p-
value = 0.034] and [CC + CT vs. TT: OR =2.71, 95% CI = 0.99-7.49, p-value = 0.055]. Interest-
ingly, the polymorphism significantly decreasing the risk of chronic obstructive pulmonary dis-
ease (COPD) under two genetic models [C vs. T: OR = 0.46, 95% CI = 0.30-0.71, p-value = 0.000]
and [CCvs. CT + TT: OR = 0.43, 95% CI = 0.27-0.67, p-value = 0.000]. However, the subgroup
analyses of autoimmune diseases, inflammation, preeclampsia, CVD, T2D and other showed
insignificant association with the HIFIA 1772 C/T polymorphism.

The subgroup analyses by ethnicity for the HIF1A 1772 C/T polymorphism exhibited that
this polymorphism was strongly associated with overall disease risk in Caucasian populations
under all genetic models [Cvs. T: OR = 1.27, 95% CI = 1.05-1.54, p-value = 0.013]; [CCvs. TT:
OR =2.00, 95% CI = 1.40-2.87, p-value = 0.000]; [CT vs. TT: OR = 1.64, 95% CI = 1.12-2.40,
p-value = 0.011]; [CC + CT vs. TT: OR = 1.93, 95% CI = 1.35-2.77, p-value = 0.000]; and [CC
vs. CT + TT: OR = 1.24, 95% CI = 1.02-1.52, p-value = 0.032]. This polymorphism showed a
low significant association with overall disease risk in mixed population under dominant
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Table 2. Meta-analysis of the HIF1A rs11549465 C/T and T/C polymorphisms in association with different diseases.

Subgroup Study Cvs. T CCvs. TT CTvs. TT CC+CTvs. TT CCvs.CT +TT
number | OR (95% CI)  p-val OR (95% CI) p-val OR (95% CI) p-val |OR (95% CI) | p-val |OR (95% CI) |p-val

Overall 38 112[0.97; | 0.113 | 1.16[0.94; | 0.154 | 1.15[0.83; |0.395 | 1.14[0.86; |0.375 | 1.10[0.93; | 0.257
1.29] 1.44] 1.59] 1.51] 1.31]

Preeclampsia 3 1.03[0.62; | 0911 | 0.70[0.26; | 0.483 | 0.78[0.27; | 0.649 | 0.70[0.26; | 0.491 | 1.07[0.77; | 0.694
1.70] 1.91] 2.29] 1.92] 1.48]

Chronic obstructive pulmonary 3 0.46 [0.30; | 0.000 | 0.59 [0.13; 0.492 | 1.52 [0.31; 0.603 | 0.68 [0.15; 0.620 | 0.43 [0.27; 0.000

disease (COPD) 0.71] 2.67] 7.43] 3.09] 0.67]

Autoimmune disease 7 1.08[0.75 | 0.672 | 1.02[0.62; |0.938 | 1.15[0.68 | 0.597 | 1.05[0.64; | 0.842  1.08[0.72; | 0.703
1.56] 1.67] 1.95] 1.72] 1.64]

Inflammatory disease 5 1.19 [0.80; 0.386 | 1.40 [0.60; 0.437 | 0.41 [0.05; 0.383 | 0.60 [0.15; 0.458 | 2.95 [0.56; 0.201
1.77] 3.28] 3.06] 2.34] 15.54]

Cardiovascular disease (CVD) 4 1.03 [0.71; 0.887 | 1.18 [0.46; 0.733 | 1.09 [0.64; 0.749 | 1.07 [0.64; 0.799 | 0.99 [0.66; 0.978
1.48] 3.00] 1.85] 1.79] 1.50]

Skin disease 2 0.83[0.11; | 0.863 |3.01[1.09; | 0.034 | 1.68[0.56; |0.357 |2.71[0.98; |0.055 0.81[0.09 | 0.844
6.59] 8.32] 5.11] 7.49] 6.85]

Type 2 diabetes 4 1.31 [0.85; 0.218 | 2.06 [0.47; 0.340 | 1.65 [0.84; 0.147 | 2.05 [0.53; 0.301 | 1.33 [0.90; 0.148
2.00] 9.08] 3.26] 7.96] 1.95]

Diabetic complications 5 1.34 [1.12; | 0.001 | 1.59 [0.94; 0.085 | 2.43 [1.41; | 0.001 | 2.11 [1.29; | 0.003 | 1.24 [0.88; 0.216
1.61] 2.69] 4.18] 3.43] 1.75]

Others 5 1.10[0.91; | 0309 | 0.95[0.59 | 0.822 | 0.95[0.61; | 0.841 0.96[0.62; |0.852 | 1.18[0.93; | 0.179
1.32] 1.52] 1.50] 1.48] 1.49]

Ethnicity

Asian 22 097[0.81; | 0.785 | 0.87 [0.66; | 0.305 | 1.19[0.99; | 0.067 | 1.10[0.92; |0.300 |0.92[0.73; | 0.455
1.17] 1.14] 1.45] 1.32] 1.15]

Caucasian 11 1.27 [1.05; | 0.013 | 2.00 [1.40; | 0.000 | 1.64 [1.12; | 0.011 | 1.93 [1.35; | 0.000 | 1.24 [1.02; 0.032
1.54] 2.87] 2.40] 2.77] 1.52]

Mixed 5 1.61 [0.83; 0.160 | 0.92[0.37; 0.866 | 0.18 [0.03; 0.091 | 0.24 [0.11; | 0.001 | 3.38 [0.79; 0.100
3.12] 2.30] 1.31] 0.54] 14.41]

HWE tested data

Overall 28 1.11 [0.97; 0.144 | 1.19[0.99; 0.201 | 1.19[0.98; 0.072 | 1.20 [0.99; 0.058 | 1.10 [0.94; 0.255
1.27] 1.55] 1.43] 1.44] 1.28]

OR (95% CI) is Odds Ratio (95% Confidence Interval); The bold results indicates the statistical significance.

https://doi.org/10.1371/journal.pone.0273042.t1002

model [CC + CT vs. TT: OR = 0.24, 95% CI = 0.11-0.54, p-value = 0.001] and insignificant
association for Asian patients.

Sources of heterogeneity. According to the results of heterogeneity analysis, we found the
significant heterogeneity of HIFIA 1772 C/T polymorphism with overall disease risk under the
four genetic models: [C vs. T: Q = 119.65, df = 37, p-value = 0.0001, I* = 69.1%]; [CT vs. TT:

Q = 55.55, df = 37, p-value = 0.026, I> = 33.4%]; [CC + CT vs. TT: Q = 48.97, df = 37, p-

value = 0.090, I” = 24.4%]; and [CC vs. CT + TT: Q = 128.09, df = 37, p-value = 0.0001, I* =
71.1%]. Also in subgroup analysis, some genetic model showed the significant heterogeneity in
cases of autoimmune disease, inflammatory disease, CVD, skin disease, T2D disease group and
Asian, Caucasian and mixed ethnic populations (S2 Table). That subgroup may be the main
sources of heterogeneity for conducting the meta-analysis of HIF1A 1772 C/T polymorphism.

Quantitative synthesis of HIF1A 1790 G/A polymorphism

The pooled estimate of HIFIA 1790 G/A polymorphism showed a significant association with
decrease the risk of overall disease under recessive model [AA vs. GA + GG: OR = 0.78, 95%
CI = 0.67-0.91, p-value = 0.002]. (Table 3; Fig 3; S6-S10 Figs in S1 File).
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Study or Experimental Control  Weight Weight Odds Ratio
Subgroup Events Total Events Total (common) (random) OR [95% CI] MH (FEM) & IV (REM)
Ethnicity = Mixed

Nava-Salazar et al. _2011 287 300 200 210 0.6% 1.7% 1.10[0.47; 2.57] ——
de Carvalho Fraga et al. _2013 36 64 85 176 1.2% 2.5% 1.38[0.77; 2.45] i
Fern ndez-Torres et al. _2015 136 140 15 132 0.2% 1.1% 5.03[1.64; 15.36] —_—
Hern ndez-Molina et al. _2017 200 212 229 270 0.7% 2.2% 2.98[1.53; 5.84] —_
Harati-Sadegh et al. _2018 356 406 368 404 2.7% 3.0% 0.70 [0.44; 1.10] -
Total (fixed effect, 95% CI) 1122 1192 5.3% --1.34 [1.02; 1.76] d
Total (random effects, 95% Cl) - 10.4%1.61[0.83; 3.12] T-—
Heterogeneity: Tau® = 0.4324; Chi = 19, df = 4 (P = 0.0008); I* = 79%

Test for overall effect (fixed effect): Z =2.13 (P = 0.033)

Test for overall effect (random effects): Z = 1.40 (P = 0.160)

Ethnicity = Asian

Yamada et al. _2005 844 880 1059 1144 2.2% 3.2% 1.88[1.26; 2.81] -
Zheng et al. _2009 27 28 683 720 0.1% 0.4% 1.46[0.19;11.06) ——f——
Lin et al. _2013 323 548 358 602 8.2% 3.8% 0.98[0.77; 1.24] | ]
Putra et al. _2013 91 96 208 220 0.4% 12% 1.05[0.36; 3.07] —_—
Q. Liuetal. _2013 702 712 421 426 0.4% 1.2% 0.83[0.28; 2.46] ——
Andraweera et al. _2014 310 348 285 336 1.9% 3.0% 1.46[0.93; 2.29] -
Feng etal. _2014 2835 2990 4389 4588 10.5% 3.9% 0.83[0.67; 1.03] [ ]

Wei etal. _2015 225 240 217 224 0.8% 1.5% 0.48[0.19; 1.21] —=—
Pichu et al. (a)_2015 60 158 61 132 2.4% 2.9% 0.71[0.45 1.14] -
Pichu et al. (b)_2015 78 158 61 132 2.0% 2.9% 1.13[0.71; 1.80] -

Bi et al._2015 270 280 192 208 0.5% 1.8% 2.25[1.00; 5.07] ——
Chen etal. _2016 445 468 477 500 1.3% 2.4% 0.93[0.52; 1.69]

Yuetal. _2017 282 328 304 322 2.5% 2.5% 0.36[0.21; 0.64]

Sheng et al._2019 268 39 573 770 7.4% 3.7% 0.72[0.55; 0.94]

Urganci et al._2019 256 300 271 300 2.3% 2.8% 0.62[0.38; 1.03]

Saravani et al._2019 224 300 232 300 3.4% 3.3% 0.86[0.59; 1.26]

Takagi et al._2020 348 364 335 354 0.9% 21% 1.23[0.62; 2.44]

Qin et al._2020 149 3384 105 2838 6.4% 3.8% 1.20[0.93; 1.55]

Zafar et al._2021 366 400 347 400 1.7% 3.0% 1.64[1.04; 2.59]

Liu et al. (a)_2021 285 300 269 288 0.8% 21% 1.34[0.67; 2.69]

Liu et al. (b)_2021 279 298 269 288 1.0% 2.2% 1.04[0.54; 2.00] —+
Tsukatani et al._2021 240 260 94 96 0.6% 0.7% 0.26[0.06; 1.11] —=——1
Total (fixed effect, 95% CI) 13236 15188 57.7% --0.96 [0.88; 1.05]

Total (random effects, 95% Cl) -~ 54.5%0.97 [0.81; 1.17] 4
Heterogeneity: Tau® = 0.1044; Chi® = 56.5, df = 21 (P < 0.0001); I = 63%

Test for overall effect (fixed effect): Z =-0.82 (P = 0.411)

Test for overall effect (random effects): Z = -0.27 (P = 0.785)

Ethnicity = Caucasian

Hiatky et al. _2007 1645 1818 813 932 6.0% 3.8% 1.39[1.09; 1.78]

Geza et al. (a) _2009 306 332 614 708 1.8% 3.0% 1.80[1.14; 2.84]

Geza et al. (b) _2009 673 740 614 708 3.3% 3.5% 1.54[1.10; 2.14]

Wipff et al. _2009 1117 1280 827 926 7.1% 3.7% 0.82[0.63; 1.07]

Torres et al. _2010 371 430 834 940 4.2% 3.4% 0.80[0.57; 1.12]

Emanuele et al. _2010 365 400 332 400 1.7% 3.0% 2.14[1.38; 3.30]

Chachami et al. _2013 234 268 12 126 1.1% 2.2% 0.86[0.44; 1.67]

Guetal._2013 1020 1142 1026 1188 6.3% 3.8% 1.32[1.03; 1.70]

Okur et al. _2014 149 174 131 160 1.1% 2.5% 1.32[0.74; 2.37]

Duran et al. _2015 915 1036 194 224 2.2% 3.1% 1.17[0.76; 1.80]

Ekberg et al._2019 1012 1110 257 296 2.1% 3.2% 1.57 [1.06; 2.33]

Total (fixed effect, 95% CI) 8730 6608 37.0% --1.25 [1.12; 1.38]

Total (random effects, 95% Cl) - 35.1%1.27 [1.05; 1.54]

Heterogeneity: Tau® = 0.0653; Chi® = 29.61, df = 10 (P = 0.0010); I = 66%

Test for overall effect (fixed effect): Z =4.17 (P < 0.001)

Test for overall effect (random effects): Z = 2.49 (P = 0.013)

Total (fixed effect, 95% CI) 23088 22988  100.0% --1.09 [1.02; 1.16]

Total (random effects, 95% Cl)

Heterogeneity: Tau® = 0.1176; Chi® = 119.65, df = 37 (P < 0.0001); I> = 69%
Test for overall effect (fixed effect): Z =2.53 (P = 0.011)

Test for overall effect (random effects): Z = 1.59 (P = 0.113)

Test for subgroup differences (fixed effect): Chi = 16.12, df = 2 (P = 0.0003)
Test for subgroup differences (random effects): Chi® = 5.13, df = 2 (P = 0.0769)

100.0% 1.12 [0.97; 1.29]

0.1

Decreasing Risk Increasing Risk

'

0512 510

Fig 2. Forest plot of HIF1A 1772 C/T polymorphism and overall disease risk for different ethnic populations
under allelic model [C vs. T]. In the forest plot, the square of the horizontal line represents the individual study-
specific odds ratios (ORs) with 95% confidence intervals (Cls) and the black area of the squares represents the
corresponding study weight. The black diamond reflects the pooled OR and the lateral points of the diamond represent
the CI of the overall analyses. The solid vertical lines are the OR of 1 indicates no effect. The dashed vertical line shows
the corresponding pooled OR of the analyses.

https://doi.org/10.1371/journal.pone.0273042.9002

The subgroup analyses based on disease type showed that the HIFIA 1790 G/A polymor-

phism is significantly associated with increasing the risk of diabetic complications under the
allelic contrast model [A vs. G: OR = 1.71, 95% CI = 1.27-2.28, p-value = 0.000] and
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Table 3. Summary results of ORs and 95% CI of HIF1A rs11549467 G/A polymorphism association with diseases.

Subgroup

Overall

Preeclampsia

Inflammatory disease

Chronic obstructive pulmonary
disease (COPD)

Autoimmune disease
Cardiovascular disease (CVD)
Type 2 diabetes

Diabetic complications

Others

Ethnicity
Asian

Caucasian
Mixed

HWE tested data
Overall

Study
number

24

21

Avs.G

OR (95% CI) | p-val

1.03 [0.81;
1.31]

0.63 [0.27;
1.43)

0.86 [0.70;
1.06]

1.54 [0.32;
7.34]

0.90 [0.47;
1.72]

0.83 [0.67;
1.02]

1.26 [0.99;
1.60]

1.71 [1.27;
2.28]

0.72 [0.58;
0.89]

1.13 [0.84;
1.52]

0.94 [0.63;
1.39]

0.96 [0.68;
1.34]

0.83 [0.74;
0.93]

0.795

0.269

0.166

0.588

0.742

0.080

0.062

0.000

0.003

0.430

0.749

0.795

0.001

AAvs. GG
OR (95% CI) | p-val
0.96[0.75 | 0.753
1.23]
NA [NA; NA
NA]
0.99 [0.21; 0.992
4.63]
2.61[0.51; | 0.249
13.29]
0.13 [0.00; 0.308
6.57]
0.46 [0.25; 0.012
0.84]
1.48[0.89; | 0.128
2.46]
2.34 [1.40; 0.001
3.89]
0.50 [0.32; 0.002
0.78]
0.94 [0.49; 0.850
1.80]
427[0.06; | 0.502
294.6]
0.79 [0.15; 0.785
4.15]
0.96 [0.75; 0.753
1.23]

AGvs. GG

OR (95% CI) |p-val

1.18 [0.8; 0.402 | 1.10 [0.79;
1.72] 1.53]
0.62[0.27; | 0.263 | 0.62[0.27;
1.43] 1.43]

0.98 [0.65; 0.904 | 0.98 [0.66;
1.46] 1.44]
1.73[0.29; | 0.550 | 1.67 [0.30;
10.55] 9.41]

1.00 [0.50; 0.996 | 0.94 [0.48;
1.98] 1.86]

0.82 [0.50; 0.441 | 0.79 [0.47;
1.35] 1.34]
1.86[0.71; | 0.207 | 1.54 [0.85;
4.85] 2.79]

2.83 [0.65; 0.166 | 2.30 [0.89;
12.31] 5.96]

0.82 [0.58; 0.246 | 0.72 [0.52;
1.15] 0.99]

1.47 [0.92; 0.111 | 1.30 [0.86;
2.37] 1.99]

0.57 [0.21; 0.268 | 0.63 [0.26;
1.54] 1.52]

0.97 [0.67; 0.869 | 0.96 [0.67;
1.41] 1.39]

0.92 [0.78; 0.295 | 0.87 [0.74;
1.08] 1.02]

OR (95% CI) is Odds Ratio (95% Confidence Interval); The bold results indicate the statistical significance.

https://doi.org/10.1371/journal.pone.0273042.t003

AA + AGvs. GG
OR (95% CI) | p-val

0.572

0.263

0.904

0.562

0.869

0.385

0.155

0.087

0.042

0.217

0.308

0.831

0.091

AAvs. AG + GG
OR (95% CI) | p-val

0.78[0.67; | 0.002
0.91]
0.84 [0.05; | 0.900
13.43]
0.81[0.62; | 0.106
1.05]
1.82[0.43; | 0.417
7.79]
0.45[0.04; | 0.522
5.09]
0.73[0.52; | 0.076
1.03]
0.79 [0.50; | 0.299
1.23]
1.07[0.69; | 0.759
1.66]
0.60 [0.41; | 0.008
0.87]
0.78[0.67; | 0.002
0.91]
1.17[0.19; | 0.867
7.34]
0.81[0.22; | 0.747
2.93]
0.73[0.61; | 0.001
0.87]

homozygote model [AA vs. GG: OR = 2.34, 95% CI = 1.40-3.89, p-value = 0.001]. This poly-
morphism also significantly associated with decreasing the risk of CVD under homozygote
model [AA vs. GG: OR = 0.46, 95% CI = 0.25-0.84, p-value = 0.012] and other’ disease group
under four genetic models [A vs. G: OR = 0.72, 95% CI = 0.58-0.89, p-value = 0.003]; [AA vs.
GG: OR =0.50, 95% CI = 0.32-0.78, p-value = 0.002]; [AA + AG vs. GG: OR =0.72, 95%
CI =0.52-0.99, p-value = 0.042]; [AA vs. AG + GG: OR = 0.60, 95% CI = 0.41-0.87, p-
value = 0.008] (Table 3).
The subgroup analyses by ethnicity of the HIFIA 1790 G/A polymorphism indicated that in
the Asian population this polymorphism was significantly associated with decreasing overall
disease risk under the recessive model [AA vs. GA + GG: OR = 0.78, 95% CI = 0.67-0.91, p-
value = 0. 002]. However, this polymorphism revealed an insignificant association with overall
disease risk for the Caucasian and mixed populations (Table 3).

Sources of heterogeneity

In this Meta-analysis, significant heterogeneity was observed in different studies of HIF1A
1790 G/A polymorphism for overall analysis under three genetic models [A vs. G: Q = 75.04,
df = 23, p-value = 0.0001, I” = 69.4%]; [GA vs. GG: Q = 99.55, df = 23, p-value = 0.0001, I* =
76.9%]; [AA + GA vs. GG: Q = 89.84, df = 23, p-value = 0.0001, I? = 74.4%). The subgroup
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Study or Experimental Control  Weight Weight Odds Ratio
Subgroup Events Total Events Total (common) (random) OR [95% CI] MH (FEM) & IV (REM)
Ethnicity = Mixed

Nava-Salazar et al. _2011 0 300 1 210 0.2% 0.5% 0.23[0.01; 5.73] —
Fern ndez-Torres et al. _2015 2 140 i 132 0.1% 0.9% 1.90[0.17; 21.19] —rr—
Senhaji et al. _2017 50 398 74 616 6.3% 6.7% 1.05[0.72; 1.54]
Hern ndez-Molina et al. _2017 0 216 1182 0.2% 0.5% 0.28[0.01; 6.90) ——F—
Harati-Sadegh et al. _2018 9 406 13 404 1.6% 3.9% 0.68[0.29; 1.61] —=
Total (fixed effect, 95% Cl) 1460 1544 8.4% --0.96 [0.68; 1.34] +
Total (random effects, 95% ClI) - 12.5%0.96 [0.68; 1.36] 1
Heterogeneity: Tau” = 0; Chi® = 2.45, df = 4 (P = 0.6528); I” = 0%

Test for overall effect (fixed effect): Z = -0.26 (P = 0.795)

Test for overall effect (random effects): Z = -0.22 (P = 0.827)

Ethnicity = Asian

Yamada et al. _2005 42 880 50 1144 5.1% 6.4% 1.10[0.72; 1.67] o

Lin et al. _2013 237 548 316 602 21.1% 7.5% 0.69 [0.55; 0.87] [ |
Putra et al. _2013 7 9 9 220 0.6% 32% 1.84[0.67; 5.11] +—
Q. Liuetal. _2013 16 712 9 426 1.4% 4.1% 1.07[0.47; 2.43] -+
Wei et al. _2015 4 240 1M1 224 1.4% 2.8% 0.33[0.10; 1.05] —
Pichu et al. (a)_2015 195 370 130 290 8.5% 71% 1.37[1.01; 1.87]

Pichu et al. (b)_2015 234 398 130 290 7.6% 71% 1.76 [1.29; 2.38] L]
Chen et al. _2016 10 468 15 500 1.7% 4.2% 0.71[0.31; 1.59]

Yuetal. _2017 54 328 12 322 1.2% 5.0% 5.09 [2.67; 9.72] -~
Sheng et al._2019 245 396 528 770 16.9% 7.4% 0.74[0.58; 0.96]

Takagi et al._2020 18 364 18 348 2.2% 4.9% 0.95[0.49; 1.86]

Qin et al._2020 3239 3384 2739 2838 15.7% 7.3% 0.81[0.62; 1.05]

Liu et al. (a)_2021 8 300 7 288 0.9% 3.2% 1.10[0.39; 3.07] -
Liu et al. (b)_2021 9 208 7 288 0.9% 3.3% 1.25[0.46; 3.40] -
Tsukatani et al._2021 13 260 2 96 0.3% 1.9% 2.47[0.55; 11.17] +
Total (fixed effect, 95% Cl) 9042 8646 85.4% --1.01 [0.91; 1.12]

Total (random effects, 95% Cl) -~ 75.4%1.13[0.84; 1.52] 4
Heterogeneity: Tau® = 0.2303; Chi® = 66.5, df = 14 (P < 0.0001); I> = 79%

Test for overall effect (fixed effect): Z=0.11 (P = 0.911)

Test for overall effect (random effects): Z = 0.79 (P = 0.430)

Ethnicity = Caucasian

Hiatky et al. _2007 9 1818 10 932 1.6% 3.7% 0.46[0.19; 1.13] —=
Bahadori et al. _2010 38 1834 31 1938 3.6% 6.1% 1.30[0.81; 2.10] o
Torres et al. _2010 0 430 5 940 0.4% 0.6% 0.20[0.01; 358] ————
Chachami et al. _2013 3 268 3 126 0.5% 1.7% 0.46[0.09; 2.33] —
Total (fixed effect, 95% Cl) 4350 3936 6.2% --0.94 [0.63; 1.39] *
Total (random effects, 95% Cl) - 12.1% 0.70 [0.32; 1.54] -
Heterogeneity: Tau® = 0.3027; Chi’ = 6.04, df = 3 (P = 0.1098); I = 50%

Test for overall effect (fixed effect): Z = -0.32 (P = 0.749)

Test for overall effect (random effects): Z = -0.90 (P = 0.370)

Total (fixed effect, 95% Cl) 14852 14126  100.0% --1.00 [0.91; 1.10]

Total (random effects, 95% Cl) -~ 100.0% 1.03 [0.81; 1.31]

Heterogeneity: Tau® = 0.1823; Chi® = 75.04, df = 23 (P < 0.0001); I* = 69%

Test for overall effect (fixed effect): Z = -0.05 (P = 0.961) 0.01 0.10.52 10 50
Test for overall effect (random effects): Z = 0.2? (P =0.795) Decreasing Risk Increasing Risk
Test for subgroup differences (fixed effect): Chi® = 0.18, df = 2 (P = 0.9138)

Test for subgroup differences (random effects): Chi? = 1.44, df = 2 (P = 0.4871)

Fig 3. Forest plot of HIFIA 1790 G/A polymorphism and overall disease risk for the different ethnic populations
under allelic model [A vs. G].

https://doi.org/10.1371/journal.pone.0273042.9003

analysis suggested that some genetic model showed significant heterogeneity in the cases of
COPD, CVD, T2D, Diabetic complications, Asian, and Caucasian populations. (52 Table).

Publication bias checking

The funnel plot was used to check publication bias of HIFIA gene 1772 C/T, and 1790 G/A
polymorphisms with allelic model Cvs. T, and A vs. G, respectively. The conventionally con-
structed plots confirmed the symmetric distribution of ORs based on standard error and sug-
gested no evidence of publication bias (Fig 4). Also, the Begg’s test and Egger’s linear
regression test analysis data confirmed no significant publication bias under the allelic model
of HIF1A 1772 C/T polymorphism [C vs. T allele; p-value = 0.9900 and 0.5052 respectively],
and for the 1790 G/A [A vs. G allele; p-value = 0.7284 and 0.8537 respectively] polymorphisms
(S3 Table).
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Fig 4. Funnel plot for publication bias checking of HIFIA variants (a) 1772 C/T for C allele vs. T allele (b) 1790 G/A for A allele vs. G allele.
https://doi.org/10.1371/journal.pone.0273042.g004

Sensitivity analysis

In this study, sensitivity analysis was performed to increase the reliability of meta-analysis
results. Studies that do not qualify HWE were excluded to investigate the existence of the

attained results. The statistical associations of the results were not altered after excluding the
respective studies, which confirmed the reliability of this meta-analysis (Tables 2 and 3).

False positive report probability (FPRP) and power analyses

We performed false-positive report probability (FPRP) to assess whether associations reported
previously were false positives. We preset FPRP at 0.2 as the threshold for biological impor-
tance and a prior probability ‘n’ at 0.01 to detect the significant OR [71]. We computed the sta-
tistical power and FPRP by fixing the odds ratio at 1.5 (or, 1/1.5 for protective effect) for
identifying important biologic effects [70]. It should be mentioned here that an OR value at 1.5
is considered as a plausible value for a significant biologic effects [72, 73]. The association was
considered significant, when the FPRP value was less than 0.2 [74]. Based on the above discus-
sion, the rs11549465 SNP significantly increased the overall disease risk in Caucasian patients.
Also, the rs11549465 SNP significantly increased the risk of diabetic complications and
decreasing the risk of COPD (Table 4). The rs11549467 SNP significantly decreased the overall
disease risk for Asian patients and subgroup of CVD risk (Table 4).

Discussion and conclusion

We performed a statistical meta-analysis to investigate the association of HIFI1A gene polymor-
phisms with multiple diseases risks more accurately compare to SGA studies. This analysis was
performed based on 41 SGA study’s findings, where the polymorphisms rs11549465 (1772 C/
T) and rs11549467 (1790 G/A) of HIF1A gene were analyzed based on 11544 and 7426 cases
and 11494 and 7063 control samples, respectively. This study included different types of dis-
eases (i.e. CVD, T2D, autoimmune diseases, inflammatory diseases, COPD, preeclampsia,
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Table 4. Results of false positive report probability analysis for significant findings.

Genotype and Variables OR (95% CI) Statistical Power® FPRP values for prior probabilities at

0.25 0.1 0.01 0.001 0.0001 0.00001
rs11549465 and Caucasian
Cvs. T 1.27 [1.05; 1.54] 0.955 0.045° 0.125° 0.610 0.940 0.994 0.999
CCvs. TT 2.00 [1.40; 2.87] 0.986 0.001° 0.002° 0.017° 0.146" 0.631 0.945
CT vs. TT 1.64 [1.12; 2.40] 0.323 0.092° 0.233 0.769 0.971 0.997 1.000
CC+CTvs. TT 1.93 [1.35; 2.77] 0.992 0.001° 0.003" 0.035" 0.267 0.785 0.973
CCvs.CT + TT 1.24 [1.02; 1.52] 0.967 0.106° 0.263 0.797 0.975 0.997 1.000
rs11549465 and Chronic obstructive pulmonary disease (COPD)
Cvs. T 0.46 [0.30; 0.71] 0.933 0.001° 0.004° 0.046" 0.327 0.829 0.980
CCvs.CT + TT 0.43 [0.27; 0.67] 0.879 0.001° 0.002° 0.021° 0.179" 0.685 0.956
rs11549465 and Skin disease
CCvs. TT 3.01 [1.09; 8.32] 0.497 0.163° 0.378 0.870 0.985 0.999 1.000
CC+CTvs. TT 2.71 [0.98; 7.49] 0.578 0.221 0.460 0.903 0.990 0.999 1.000
rs11549465 and Diabetic complications
Cvs. T 1.34 [1.12; 1.61] 0.886 0.006" 0.018" 0.166" 0.667 0.953 0.995
CTvs. TT 2.43 [1.41; 4.18] 0.777 0.005° 0.015° 0.145° 0.632 0.945 0.994
CC+CTvs. TT 2.11 [1.29; 3.43] 0.922 0.008" 0.025° 0.218 0.738 0.966 0.996
rs11549467 and Overall
AAvs. AG + GG 0.78 [0.67; 0.91] 0.973 | 0.005° | 0.014° 0.139" 0.619 0.942 0,994
rs11549467 and Asian
AAvs. AG + GG 0.78 [0.67; 0.91] 0.973 | 0.005° |0.014° 0.139" 0,619 0.942 0,994
rs11549467 and Cardiovascular disease (CVD)
AA vs. GG \ 0.46 [0.25; 0.84] \ 0.860 | 0.039° | 0.107° \ 0.569 \ 0.930 \ 0.993 | 0.999
rs11549467 and Diabetic complications
Avs.G 1.71 [1.27; 2.28] 0.857 0.001° 0.003" 0.029" 0.231 0.750 0.968
AA vs. GG 2.34 [1.40; 3.89] 0.831 0.004° 0.011° 0.111° 0.557 0.926 0.992
rs11549467 and Others
Avs. G 0.72 [0.58; 0.89] 0.747 0.009° 0.028" 0.240 0.761 0.970 0.997
AA vs. GG 0.50 [0.32; 0.78]
AA + AG vs. GG 0.72 [0.52; 0.99] 0.671 0.162° 0.367 0.864 0.985 0.998 1.000
AAvs. AG + GG 0.60 [0.41; 0.87] 0.280 0.070° 0.185" 0.713 0.962 0.996 1.000

*Statistical power was calculated using the number of observations in each subgroup and the corresponding ORs nad P values in this table.

PThe level of false-positive report probability threshold was set at 0.2 and noteworthy findings are presented

https://doi.org/10.1371/journal.pone.0273042.t004

parkinson disease, diabetic complications, AMD, Hemodialysis, LDD, HAPC, metabolic syn-
drome, and pressure injury) and ethnic groups (i.e. Asian, Caucasian and mixed) were consid-
ered in this meta-analysis. The allelic alterations in different ethnic population and their
association with diseases were carefully evaluated using five different genetic models (i) domi-
nant models: CC + CT vs. TT or AA + AG vs. GG, (ii) homozygote models: CC vs. TT or AA vs.
GG, (iii) heterozygote models: CT vs. TT or AG vs. GG, (iv) recessive models: CCvs. CT + TT
or AA vs. AG + GG, and (v) allelic contrast models: C vs. T or A vs. G, for each of 1772 C/T
and 1790 G/A polymorphisms. The results of this study suggested that the HIF1A 1772 C/T
polymorphism is insignificantly associated with overall disease risks under all the genetic mod-
els, which indicates that the C allele is not associated with overall diseases. The HIFIA 1790 G/
A polymorphism showed a significant association with overall disease under the recessive
model (AA vs. AG + GG), which indicates that the A allele is associated with overall diseases
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though A was recessive. The subgroup analysis based on ethnicity showed significant associa-
tion between the HIF1A 1772 C/T polymorphism and overall disease for the Caucasian popu-
lation under the all genetic models, which indicates that the C allele is associated with overall
diseases. Again, the ethnicity subgroup showed a significant association between HIFIA 1790
G/A polymorphism and overall disease for the Asian population under recessive model only
(AA vs. AG + GG), which indicates that the A allele is associated with overall diseases. The sub-
group analysis based on disease type showed that HIFIA 1772 C/T is significantly associated
with COPD, skin and diabetic complications diseases, where C is high risk factor for skin and
diabetic complications (since, ORs > 1), but low risk factor for COPD (since, ORs < 1). This
subgroup analysis results goes in favor of Ekberg et al. [65], and Bi et al. [66] for diabetic com-
plications and Yu et al. [17] and Wei et al. [37] for COPD. The association of diabetic compli-
cation risk was also supported by a previous meta-analysis report [75]. Also the subgroup
analysis results of HIF1A 1772 C/T polymorphism showed insignificant association with auto-
immune diseases, inflammatory diseases, and preeclampsia under all five genetic models
which goes in favor of Wipff et al. [31] and Feng et al. [25] for autoimmune disease, Torres
etal. [27], Chachami et al. [32] and Senhaji et al. [41] for inflammatory disease, and Nava-Sala-
zar et al. [34] for preeclampsia. The subgroup analysis results of HIF1IA 1790 G/A polymor-
phism showed significant association with CVD under homozygote model (AA vs. GG) and
diabetic complications under allelic (A vs. G) and homozygote (AA vs. GG) models. Also, the
HIFIA 1790 G/A polymorphism showed significantly decreasing the risk of other (LDD,
HAPC, Pressure injury) disease group under four genetic models (A vs. G, AA vs. GG, AA +
GA vs. GG, AA vs. GA + GG) and insignificant association with inflammatory disease, COPD,
autoimmune disease and preeclampsia under all genetic models. The association of diabetic
complications contradicted the reports by Ren et al. [75]. The insignificant result of HIFI1A
1790 G/A were supported by Bahadori et al. [26] for CVD, Torres et al. [27], Chachami et al.
[32], Senhaji et al. [41], and Fernandez-Torres et al. [20] for inflammatory disease, Putra et al.
[39] for lung and Nava-Salazar et al. [34] for preeclampsia.

Thus the above discussion provided the significant evidence that the HIFIA gene is a risk
factor for the development of COPD, CVD, skin disease and diabetic complications. Now it is
required to explore the causality of HIF1A gene SNPs (1772 C/T and 1790 G/A) in the devel-
opment of those disease by their expression analysis. Recently, some researchers studied single
or multiple disease causing genes or SNPs by using network analysis or Mendelian randomiza-
tion [76-82]. These SNPs can act as biological markers to locate the disease-causing genes that
are regulated either directly or indirectly by those SNPs [83]. When SNPs occur within a gene
or in a regulatory region near a gene, they are known as cis-acting factors, and they may play a
more direct role in disease development by affecting the gene’s function. When SNPs occur far
away from the disease causing genes, they are known as trans-acting factors. The cis- and
trans-acting factors are usually considered as the causal and non-causal risk factors of disease
development, respectively. SNPs can be silent due to its occurrence within the noncoding
regions or may change the encoded amino acids due to its occurrence within the coding
region. They may influence promoter or enhancer activities, messenger RNA (mRNA) stabil-
ity, and subcellular localization of mRNAs and/or proteins and hence may develop disease. A
post-transcriptional modification (PTM) in mRNA, known as N4-acetylcytidine (ac4C) that
occurs on cytidine, plays a vital role in the stability and regulation of mRNA translation. There
are at least 15 nucleotide modifications found in mRNA of which m6A and N1-methyladeno-
sine (m1A) are similar in function to ac4C. They play a significant role in the translation pro-
cess of mRNA and its stability that leads to the progression of several human diseases [84-87].

If SNPs (1772 C/T and 1790 G/A) of HIF1Agene data are available for COPD, CVD, skin
disease and diabetic complications, and control samples, an effective disease prediction model
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may be developed by using a suitable machine learning technique including logistic classifier.
For example, some recent studies developed SNPs based diseases prediction model [88, 89].

However, there were some limitations in this study, such as (i) the heterogeneity factors
such as gender, age, smoking, drinking, blood pressure, family history, etc was not considered
to estimate the combined effect for overall or subgroup analysis like as [56-60]. Because the
dataset was generated through multiple diseases excluding cancer, so we cannot focus on spe-
cific behavior factor due to the insufficient information of GWAS studies. (ii) the metadata
was collected considering the English language only, (iii) some subgroup analysis may be
affected due to the small subgroup sample size and unavailable data due to limited GWAS
studies.

In conclusion, this study made a consensus decision about the association of HIFIA gene
polymorphisms with multiple diseases risks excluding cancers. The meta-analysis results
showed that the HIF1A 1772 C/T polymorphism is not significantly associated with overall dis-
ease risks The HIFIA 1790 G/A polymorphism was associated with overall diseases under
recessive model, where the allele A controls the diseases though it is recessive. The ethnicity
subgroup analysis showed the significant association of HIFIA 1772 C/T polymorphism with
overall disease for Caucasian population under all genetic models, where C allele controls the
diseases, while HIF1A 1790 G/A polymorphism was significantly associated with overall dis-
ease for Asian population under a genetic model due to the influence of A allele. The subgroup
analysis based on disease types showed that HIFIA 1772 C/T is significantly associated with
chronic obstructive pulmonary disease (COPD), skin and diabetic complications diseases,
where C allele is the high risk factor for skin and diabetic complications diseases, and low risk
factor for COPD. The HIFIA 1790 G/A polymorphism showed significant association with
CVD under homozygote model and diabetic complications under allelic and homozygote
models. The rest of diseases showed insignificant association with HIF1A gene under all of five
genetic models by the subgroup analysis. Taken together, the results of this study suggest that
HIF1A could be a useful prognostic biomarker for COPD, CVD, skin disease and diabetic
complication diseases. In future, availability of more SGA studies on the different ethnic popu-
lations might shed more lights to unveil and confirm the association of the HIFIA gene poly-
morphisms with different diseases.
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