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Abstract. Background and aim: To investigate the association between CYP17.41 (r574357) polymorphism and
the risk of Polycystic Ovary Syndrome (PCOS). Methods: Literature on the association of CYP17A41rs74357
gene polymorphism and susceptibility to PCOS was retrieved by searching databases such as PubMed, Sci-
ence Direct, Google Scholar and Embase from. The association measure was analyzed using an Odds Ratio
(OR) and 95% Confidence Interval (CI). All the statistical analyses were executed using CMA 3.0 Software.
Results: In the present meta-analysis, 24 studies including 3462 PCOS and 2898 controls were analyzed. The
overall results validated that the 17 CYP17A41 T/C (rs74357) gene polymorphism was significantly associated
with PCOS risk in five genetic models: recessive model (fixed and random effect), dominant model (random
effect), CC os. TT (fixed effect), CT ws. TT (fixed effect), and allele contrast (random effect). Stratified
analyses by ethnicity/country also detected significant association between Asian and Caucasian under the
recessive, dominant, CC vs. T'T, CC ws. CT, and the allele contrast models. Conc/usions: In the present study,
CYP17A41'T/C (rs74357) gene polymorphism increase the susceptibility of PCOS, and the recessive C allele,
can be proposed as a predictive factor for the risk of PCOS or an important pathway in PCOS associated
metabolic and hormonal imbalance especially insulin resistance. However, larger sample size and multiracial
studies are needed in the future to confirm the findings. (www.actabiomedica.it)
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Introduction

PCOS, or polycystic ovarian syndrome, is one of
the most common endocrinopathy, affecting around
5% to 10% of women of reproductive age. On ul-
trasound examination, cystic ovaries are present, as
well as amenorrhea, oligomenorrhea, obesity, hyper-
androgenism, and anovulation infertility (1). The main
cause of PCOS is CYP17A1 dysregulation by P450
170-related steroid hormone synthesis. CYPI7.41gene
is located on chromosome 10g24.3 and has 8 exons
and 7 introns. The CYP17A41 gene encodes the key en-
zyme 17-o-hydroxylase/17-20 lyase (P450170) that

contributes to the androgen synthesis pathway and

biosynthesis pathways of the ovary and adrenal (2).
The promoter 5 ‘untranslated region of the CYP1741
MSP AI (T-34C/ 75743572) has a polymorphism that
affects gene expression regulation. The presence of
this polymorphism may result in enhanced androgen
synthesis. There are conflicting studies on the role of
the CYP17A41 MSP Al polymorphism in PCOS sus-
ceptibility (3,4). Over the last two decades, a number
of case-control studies were conducted to investigate
the association betweenCYP1741T/C polymorphisms
and PCOS risk in humans. But these studies reported
conflicting results. Some researchers concluded that
this C substitution of the CYP1741 gene might be as-
sociated to the high risk of PCOS and maybe marked
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as a pathogenic gene of PCOS (1,5), whereas others
found the contradictory result (6-9). In addition, some
scholars issued that the association of 757432592 with
PCOS is uncertain (10), as this SNP may indirectly
affect PCOS through the association between tes-
tosterone level and insulin resistance (11). Different
methodologies have been used, but, in particular, most
of the studies used a small sample size and it is there-
fore not surprising that there has been a lack of rep-
lication in various studies. Based on the dissimilarity
of case-control results and the ambiguous pathological
mechanism of PCOS, an updated meta-analysis was

designed to characterize better the relationship be-
tween CYP17A41 SNP 75743572 and PCOS risk.

Materials and methods

This systematic review and meta-analysis followed
the PRISMA guidelines (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) (12).
As this was a meta-analysis, ethical approval was not
required.

Publication search

Studies were searched on PubMed, Science Di-
rect, Google Scholar and Embase databases for all
articles on the association between CYP1741 T/C pol-
ymorphisms and PCOS risk. The following keywords
were used: “polycystic ovary syndrome” or “PCOS” or
“Stein-Leventhal syndrome” or “multi-pouch ovary
syndrome”, “17a-hydroxylase” or “CYP17A1”, and
“SNP” or “polymorphisms” or “mutation” or “geno-
type” or “variant”. The search was without restriction
on language, conducted on human subjects. The refer-
ence lists of reviews and retrieved articles were hand
searched at the same time. If more than one article was
published by the same author using the same case se-
ries, we selected the study where the most individuals
were investigated.

Inclusion and exclusion criteria

Eligible studies were involved if they met many
criteria. We first screened by reading the title and

abstract and then reviewed the full text according to
the following criteria for the second screen: (i). The pa-
pers should adopt widely recognized and representa-
tive diagnostic criteria for PCOS: NIH criteria (13)
or Rotterdam criteria (14) which case-control studies
were conducted to evaluate the association between
CYP1741 T/C polymorphism and PCOS risk;
(ii). Suflicient genotype data were presented to calcu-
late the odds ratios (ORs) and 95% confidence inter-
vals (CIs); (iii) the paper should clearly describe PCOS
diagnoses and the sources of cases and controls. Major
reasons for the exclusion of studies were: (a) dupli-
cate data; (b) abstract, comment, review and editorial;
(¢) no sufficient data were reported.

Data extraction

Data were extracted from all eligible articles sep-
arately. Included papers were organized and the fol-
lowing information was obtained: (i). The first author
of the research, publication year, source of control,
original country, and the ethnicity of subjects. (ii). Evi-
dence of Hardy-Weinberg equilibrium. (iii). Genotyp-
ing method. (iv). Genotype frequencies of T'T, TC, CC
of PCOS group, and control group. After that, a rig-
orous literature evaluation was carried out. Asian and
Caucasian ethnicity have been categorized. If origi-
nal genotype frequency data were unavailable in rel-
evant articles, a request was sent to the corresponding
author for additional data. Furthermore, the Hardy-
Weinberg equilibrium test was also calculated and ad-
justed manually.

Statistical analysis

To begin with, the p-value of the control
group’s Hardy-Weinberg equilibrium was calculated
online (https://wpcalc.com/en/equilibrium-hardy-
weinberg/), and the literature with a p-value less than
0.05 could be regarded as not in line with HWE.
The strength of the association between PCOS and
the CYP17A4IT/C polymorphism was estimated
using ORs, with the corresponding 95% Cls and
p-value calculated by Comprehensive Meta-Analysis
(CMA) Software 3.0. The pooled ORs and p-value
in a fixed-effect model (fixed effect estimate method:
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Inverse variance) and a random effect model (Ran-
dom effect estimate method: DerSimonian-Laird) of
the association test were performed under 7 genetic
models: for the recessive model (CC vs. CT+TT),
dominant model (CC+CT wvs. TT), over-dominant
model (CT vs. CC+TT), CC vs. TT model, CC ws.
CT model, CT vs. TT model, and the allele contrast
(C s. T). Forest plot for each model was generated
by the CMA software. We also carried out the strati-
fied analyses by ethnicity, country, HWE in controls
and study sample size. Both the Cochran’s Q sta-
tistics to test for heterogeneity and the 172 statis-
tics to quantify the proportion of the total variation
due to heterogeneity were calculated. A p-value of
more than the nominal level of 0.05 for the Q sta-
tistic indicated a lack of heterogeneity across stud-
ies, allowing for the use of a fixed-effect model (the
Mantel-Haenszel method); otherwise, the random
effect model (the Der Simonian and Laird method)
was used. To explore sources of heterogeneity across
studies, we did logistic meta-regression analyses
by CMA Software 3.0 (https://www.meta-analysis
.com/).

Heterogeneity, sensitive analysis and publication bias

Several methods were used to assess the poten-
tial publication bias. Visual inspection of generated
funnel plot asymmetry was conducted. The Begg’s
rank correlation method and the Egger’s weighted
regression methods were used to statistically assess
publication bias and p-value <0.05 was considered
statistically significant. All analyses were done using

CMA software 3.0.

Results

Literature retrieval results and characteristics of studies

According to PRISMA flow diagram guidelines
(Figure 1), a total of 88 articles were obtained from
the original search after the exclusion of duplicates.
The examination of the title and abstract performed on
these articles led to the removal of 50 studies and 38
continued to detailed assessment.

After screening the full text of these publica-
tions, 14 articles were excluded for not meeting the
inclusion criteria. Ultimately, 24 eligible case-control
studies were included in this review (1,4-11,15-29).
There were 17 studies of Asian patients and 7 studies
of Caucasian patients. Studies has been carried out in
China, Korea, India, Turkey, the USA, Poland, Greece,
Mexico, Afghanistan, Belgium and the Republic of
Chile. The retrieval results and detailed characteristics
were shown in Table 1.

The 24 studies has been conducted in various
countries and ethnicity with 3462 PCOS patients and
2898 control groups involved. 62.5% of the included
studies took the Rotterdam criteria, and the remain-
ing 37.5% took NIH criteria (studies performed be-
fore 2008). All studies extracted DNA from peripheral
blood. Twenty-two of the 24 studies used the classic
PCR-RFLP method, and the other two studies used
different molecular genotyping methods, such as

Tagman, PCR-SSCP.
Quantitative analysis

The main results of this meta-analysis are listed in
Table 2 (association test results). Forest plot of meta-
analysis comparisons models are presented in Figures
2,3,4and 5.

The overall results validated that the 17 CYP17A41
T/C (r574357) gene polymorphism was significantly
associated with PCOS risk in five genetic models: the
recessive model (CC vs. CT+TT) fixed and random
effect, dominant model (CC+CT ws. TT) random ef-
fect, CC vs. TT (CT ws. CC+TT) fixed effect, CT ws.
TT fixed effect, and allele contrast (C vs. T) random
effect. However, the variant genotypes (CC and TC)
were not associated with PCOS risk, compared with
the wild-type T'T homozygous under two comparison
models: over-dominant model (CT wvs. CC+TT) and
CC vs. CT model.

On the basis of the potential overestimation of
the true effect of the polymorphism on the PCOS
risk, we stratified these studies according to ethnic-
ity, country, HWE in controls and study sample size.
Stratified analyses by ethnicity/country also detected
significant association under the five genetic models
described above in Asian and Caucasian populations:
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Figure 1. Prisma flow diagram.

recessive model, dominant model, CC vs. T'T, and al-
lele contrast. However, on the CT vs. T'T comparison
model, significant difference was found only in Asian

(Table 3).
Heterogeneity analysis

Statistical analysis shows high heterogeneity un-
der 5 genetic comparison models: dominant model,
over-dominant model, CC ws. TT, CT ws. TT, allele
contrast. Due to this high heterogeneity, we con-
ducted logistic meta-regression and subgroup analysis

\4

- No full-text (n = 02)

- No available data (n = 02)

- Data repeated or overlapped(n = 00)
- Study about therapy-related (n = 06)

to explore the potential sources of heterogeneity with
the following covariates: ethnicity (Asian, Caucasian),
country (China or other), HWE in controls (yes or
not), diagnostic criteria (Rotterdam criteria, NIH
criteria) and genotyping approaches (PCR-RFLP or
others). After estimating each covariate’s poten-
tial contribution to heterogeneity by logistic meta-
regression under CMA software, we found that all the
p-value were > 0.05, which meant the heterogeneity
could be attributed to none of the factors above. How-
ever, subgroup analysis indicated significantly decreas-
ing heterogeneity in the Caucasian and NIH criteria
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Table 1. Characteristics of studies included in this meta-analysis.
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1 | Diamanti et al., 1999 Greece (Caucasian) 50 17 29 4 50 22 28
2 | Caoetal, 1999 China (Asian) 56 17 17 22 30 8 14
3 | Marszalek et al., 2001 Poland (Caucasian) 55 17 27 11 56 20 29
4 | Kahsar-Miller et al., 2004 USA (Caucasian) 259 79 142 38 161 50 94 17
5 | Tan et al., 2005 China (Asian) 118 12 66 40 106 21 55 30
6 | Ding et al., 2007 China (Asian) 329 55 145 | 129 275 30 | 151 94
7 | Luo et al., 2007 China (Asian) 74 38 33 3 27 16 10 1
8 | Lietal., 2008 China (Asian) 61 11 32 18 45 14 18 13
9 | Echibur et al., 2008 Chili (Caucasian) 159 59 81 19 93 43 36 14
10 | Park et al., 2008 South Korea (Asian) 133 40 61 32 99 25 41 33
11 | Prez et al., 2008 Argentina (Caucasian) 64 23 26 15 57 16 30 11
12 | Unsal et al., 2009 Turkey (Caucasian) 44 15 19 10 50 20 24
13 | Pusalkar et al., 2009 India (Asian) 100 44 42 14 100 62 30
14 | Liuetal., 2011 China (Asian) 55 19 23 13 50 17 22 11
15 | Zahoetal,, 2011 China (Asian) 177 18 100 59 159 32 81 46
16 | Cirilo et al., 2012 Brazil (Caucasian) 117 53 46 18 105 65 32 8
17 | Dasgupta et al., 2014 India (Asian) 60 15 26 19 54 18 22 14
18 | Lietal, 2015 China (Asian) 318 158 139 21 306 137 | 141 28
19 | Banerjee et al., 2016 India (Asian) 75 20 33 22 73 18 35 20
20 | Wuetal., 2017 China (Asian) 260 90 109 61 237 81 | 104 52
21 | Kauretal., 2018 India (Asian) 250 107 118 25 250 146 94 10
22 | Rahimi et al., 2019 Iran (Asian) 50 35 15 0 109 92 17 0
23 | Ashrafetal., 2021 Kashmir (Asian) 394 115 209 70 306 108 | 156 42
24 | Munawar et al., 2021 Pakistan (Asian) 204 88 112 4 100 86 12 2

subgroups. Thus, it was deduced that ethnicity and
diagnosis criteria might be the main source of high
heterogeneity.

Sensitivity analysis and publication bias

Begg’s Funnel plot and Egger’s test were per-
formed to evaluate sensitivity and publication. Dis-
played a funnel plot that examined the CYP1741 T/C
polymorphism and overall PCOS risk included in the

meta-analysis in the dominant model. The shape of

funnel plots did not reveal any evidence of funnel plot
asymmetry. The statistical results still did not show
publication bias using the seven genetic models: reces-
sive model (P = 0.166), dominant model (P = 0.300),
over-dominant model (P = 0.243), CC os. TT model
(P=0.074), CC vs. CT model (P=0.918), CT 5. TT
model (P = 0.399), and the allele contrast (C ws. T)
(P=0.067).

To assess sensitivity and the effect of an indi-
vidual study on the overall meta-analysis estimate, we
excluded one study at a time, and the exclusion of any
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Table 2. Association test results.

Model OR 95%-CI p-value Adjusted p-value
Allele contrast Fixed effect 1.198 [1.112;1.291] <0.001 <0.001
(C0s.T) Random effect 1.265 [1.108; 1.445] < 0.001 0.003
Recessive model Fixed effect 1.221 [1.065; 1.400] 0.004 0.028
(CC vs. CT+TT) Random effect 1.221 [1.065; 1.400] 0.004 0.028
Dominant model Fixed effect 1.297 [1.160; 1.449] <0.001 <0.001
(CC+CT 5. TT) Random effect 1.378 [1.107; 1.714] 0.004 0.027
Over-dominant model Fixed effect 1.103 [0.996; 1.222] 0.058 0.40
(CT vs. CC+TT) Random effect 1.171 [0.965; 1.422] 0.10 0.76
CCuous. TT Fixed effect 1.302 [1.104; 1.536] 0.002 0.011

Random effect 1.369 [1.095; 1.712] 0.005 0.04
CCw0s.CT Fixed effect 1.170 [1.012;1.352] 0.033 0.23

Random effect 1.170 [1.012; 1.352] 0.033 0.23
CT vs. TT Fixed effect 1.253 [1.114; 1.408] <0.001 0.001

Random effect 1.323 [1.052; 1.663] 0.016 0.11

Experimental Control Weight Weight
Study Events Total Events Total 0Odds Ratio OR 95%-Cl (fixed) (random}
Diamanti-Kandarakis et al., 1999 37 100 28 100 : 1.51 [0.83;2.74] 1.6% 3.0%
Cao et al., 1999 61 112 30 60 : 1.20 [0.64; 2.24] 1.4% 2.8%
Marszalek et al., 2001 49 110 43 112 * 1.29 [0.75; 2.20] 2.0% 3.4%
Kahsar-Miller et al., 2004 218 518 128 322 - 1.10 [0.83;1.46] 7.0% 5.5%
Tan et al., 2005 146 236 115 212 -H"— 1.37 [0.94;1.99] 3.9% 4.6%
Ding et al., 2007 403 658 339 550 = 0.98 [0.78;1.24] 10.3% 6.0%
Luo et al., 2007 39 148 12 54 E 1.25 [0.60; 2.62] 1.0% 2.3%
Li et al., 2008 68 122 44 90 . 1.32 [0.76; 2.27] 1.9% 3.3%
Echiburu et al., 2008 119 318 64 186 : 1.14 [0.78; 1.66] 3.9% 4.6%
Park et al., 2008 125 266 107 198 —*—i 0.75 [0.52;1.09] 4.1% 4.7%
Prez et al., 2008 56 128 52 114 L 0.93 [0.56; 1.54] 2.2% 3.6%
Unsal et al., 2009 39 88 36 100 : - 1.41 [0.79; 2.54] 1.6% 3.0%
Pusalkar et al., 2009 70 200 46 200 —— 1.80 [1.16; 2.80] 2.9% 4.1%
Liu et al., 2011 49 110 44 100 t 1.02 [0.59;1.76] 1.9% 3.3%
Zaho et al., 2011 218 354 173 318 —:rG— 1.34 [0.99; 1.83] 5.9% 5.3%
Cirilo et al., 2012 82 234 48 210 — 1.82 [1.20; 2.77] 3.2% 4.3%
Dasgupta et al., 2014 64 120 50 108 E 1.33 [0.79; 2.23] 2.1% 3.5%
Li et al., 2015 181 636 197 612 <= 0.84 [0.66; 1.07] 9.6% 5.9%
Banerjee et al., 2016 77 150 75 146 4 1.00 [0.63; 1.58] 2.7% 3.9%
Wu et al., 2017 231 520 208 474 —"-i' 1.02 [0.80; 1.31] 8.9% 5.8%
Kaur et al., 2018 168 500 114 500 - 1.71 [1.30; 2.27] 7.2% 5.6%
Rahimi et al., 2019 15 100 17 218 T 2.09 [1.00; 4.37] 1.0% 2.2%
Ashraf et al., 2020 349 788 240 612 — 1.23 [0.99;1.53] 12.1% 6.2%
Munawar et al., 2020 120 408 16 200 i —— 4.79 [2.75; 8.33] 1.8% 3.2%
Fixed effect model 6924 5796 $ 1.20 [1.11; 1.29] 100.0% -
Random effects model < 1.27 [1.11; 1.45] --  100.0%
Heterogeneity: /° = 64%, T° = 0.0624, p < 0.01 f T T
0.2 05 1 2 5

Figure 2. Forest plot of meta-analysis in the allele contrast (C vs. T).

single report did not alter the significance of the final ~ Discussion
decision, suggesting that the outcomes were robust.
Finally, the sensitivity analysis demonstrated any indi- Polycystic ovarian syndrome is a multifaceted
vidual article did not constitute the source of heteroge- ~ disorder caused by anomalies in genetics, metabo-
lism, endocrine function, and environmental factors.

Obesity-related health complications such as diabetes,

neity since removing any single article would not affect
the stability of the overall estimate.
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Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
Diamanti-Kandarakis et al., 1999 4 50 0 50 9.77 [0.51; 186.52] 0.2% 0.2%
Cao et al., 1999 22 56 8 30 1.78 [0.67; 4.70] 2.0% 2.0%
Marszalek et al., 2001 11 55 7 56 1.75 [0.62; 4.91] 1.8% 1.8%
Kahsar-Miller et al., 2004 38 259 17 161 f bl 1.46 [0.79; 2.68] 5.0% 5.0%
Tan et al., 2005 40 118 30 106 T+ 1.30 [0.74; 2.30] 5.8% 5.8%
Ding et al., 2007 129 329 94 275 =] 1.24 [0.89; 1.73] 16.8% 16.8%
Luo et al., 2007 3 74 1 27 1.10 [0.11; 11.04] 0.4% 0.4%
Lietal., 2008 18 61 13 45 —— 1.03 [0.44; 2.40] 2.6% 2.6%
Echiburu et al., 2008 19 159 14 93 —+t 0.77 [0.36; 1.61] 3.4% 3.4%
Park et al., 2008 32 133 33 99 = 0.63 [0.36; 1.13] 5.6% 5.6%
Prez et al., 2008 15 64 11 57 —t— 1.28 [0.53; 3.07] 2.4% 2.4%
Unsal et al., 2009 10 44 6 50 2.16 [0.71; 6.52] 1.5% 1.5%
Pusalkar et al., 2009 14 100 8 100 T 1.87 [0.75; 4.68] 2.2% 2.2%
Liu et al., 2011 13 55 11 50 —— 1.10 [0.44; 2.74] 2.2% 2.2%
‘Zaho et al., 2011 59 177 46 159 - 1.23 [0.77; 1.95] 8.7% 8.7%
Cirilo et al., 2012 18 117 8 105 — 2.20 [0.92; 5.31] 2.4% 2.4%
Dasgupta et al., 2014 19 60 14 54 —— 1.32 [0.59; 3.00] 2.8% 2.8%
Lietal., 2015 21 318 28 306 - 0.70 [0.39; 1.27] 5.4% 5.4%
Banerjee et al., 2016 22 75 20 73 — 1.10 [0.54; 2.25] 3.6% 3.6%
Wu et al., 2017 61 260 52 237 = 1.09 [0.72; 1.66] 10.5% 10.5%
Kaur et al., 2018 25 250 10 250 —— 2.67 [1.25; 5.68] 3.3% 3.3%
Rahimi et al., 2019 0 50 0 109 0.0% 0.0%
‘Ashraf et al., 2020 70 394 42 306 e 1.36 [0.90; 2.06] 10.8% 10.8%
Munawar et al., 2020 4 204 2 100 0.98 [0.18; 5.44] 0.6% 0.6%
‘Fixed effect model 3462 2898 1.22 [1.07; 1.40] 100.0% -
‘Random effects model 1.22 [1.07; 1.40] -- 100.0%
Heterogeneity: /“ = 0%, T° = 0, p = 0.47 ! y : '

001 01 1 10 100
Figure 3. Forest plot of meta-analysis in the recessive model (CC ws. CT+TT).
Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
Diamanti-Kandarakis et al., 1999 33 50 28 50 : 1.53 [0.68; 3.42] 1.9% 3.4%
Cao et al., 1999 39 56 22 30 0.83 [0.31; 2.24] 1.3% 2.8%
Marszalek et al., 2001 38 55 36 56 . 1.24 [0.56; 2.74] 2.0% 3.5%
Kahsar-Miller et al., 2004 180 259 111 161 —et 1.03 [0.67; 1.57] 6.8% 5.2%
Tan et al., 2005 106 118 85 106 ; 2.18 [1.02; 4.69] 2.1% 3.6%
Ding et al., 2007 274 329 245 275 —] ! 0.61 [0.38; 0.98] 5.4% 5.0%
Luo et al., 2007 36 74 11 27 1.38 [0.56; 3.37] 1.5% 3.1%
Li et al., 2008 50 61 31 45 . 2.05 [0.83; 5.09] 1.5% 3.1%
Echiburu et al., 2008 100 159 50 93 TH=— 1.46 [0.87; 2.45] 4.6% 4.8%
Park et al., 2008 93 133 74 99 ; 0.79 [0.44; 1.41] 3.6% 4.4%
Prez et al., 2008 41 64 41 57 r 0.70 [0.32; 1.50] 2.1% 3.6%
Unsal et al., 2009 29 44 30 50 ; 1.29 [0.56; 2.99] 1.7% 3.3%
Pusalkar et al., 2009 56 100 38 100 s 2.08 [1.18; 3.65] 3.9% 4.5%
Liu et al., 2011 36 55 33 50 0 0.98 [0.44; 2.19] 1.9% 3.4%
Zaho et al., 2011 159 177 127 159 —— 2.23 [1.19; 4.15] 3.2% 4.3%
Cirilo et al., 2012 64 117 40 105 E— 1.96 [1.15; 3.35] 4.3% 4.7%
Dasgupta et al., 2014 45 60 36 54 1.50 [0.67; 3.38] 1.9% 3.4%
Li et al., 2015 160 318 169 306 = 0.82 [0.60; 1.12] 12.4% 5.7%
Banerjee et al., 2016 55 75 55 73 0 0.90 [0.43; 1.88] 2.3% 3.7%
Wu et al., 2017 170 260 156 237 —-'—f 0.98 [0.68; 1.42] 9.0% 5.5%
Kaur et al., 2018 143 250 104 250 by 1.88 [1.32; 2.68] 9.8% 5.6%
Rahimi et al., 2019 15 50 17 109 T 2.32 [1.05; 5.14] 1.9% 3.5%
Ashraf et al., 2020 279 394 198 306 = 1.32 [0.96; 1.82] 12.1% 5.7%
Munawar et al., 2020 116 204 14 100 ; —+=— 8.10 [4.32;15.19] 3.1% 4.2%
Fixed effect model 3462 2898 S 1.30 [1.16; 1.45] 100.0% -
Random effects model < 1.38 [1.11; 1.71] -- 100.0%
Heterogeneity: 1% = 71%, T° = 0.1906, p < 0.01 f T T 1
0.1 051 2 10

Figure 4. Forest plot of meta-analysis in the dominant model (CC+CT vs. TT).
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Experimental Control
Study Events Total Events Total
Diamanti-Kandarakis et al., 1999 29 50 28 50
Cao et al., 1999 17 56 14 30
Marszalek et al., 2001 27 55 29 56
Kahsar-Miller et al., 2004 142 259 94 161
Tan et al., 2005 66 118 55 106
Ding et al., 2007 145 329 151 275
Luo et al., 2007 33 74 10 27
Li et al., 2008 32 61 18 45
Echiburu et al., 2008 81 159 36 93
Park et al., 2008 61 133 41 99
Prez et al., 2008 26 64 30 57
Unsal et al., 2009 19 44 24 50
Pusalkar et al., 2009 42 100 30 100
Liu et al., 2011 23 55 22 50
Zaho et al., 2011 100 177 81 159
Cirilo et al., 2012 46 117 32 105
Dasgupta et al., 2014 26 60 22 54
Li et al., 2015 139 318 141 306
Banerjee et al., 2016 33 75 35 73
Wu et al., 2017 109 260 104 237
Kaur et al., 2018 118 250 94 250
Rahimi et al., 2019 15 50 17 109
Ashraf et al., 2020 209 394 156 306
Munawar et al., 2020 112 204 12 100
Fixed effect model 3462 2898

Random effects model
Heterogeneity: 2 = 68%, T = 0.1443, p < 0.01

Weight Weight
95%-Cl (fixed) (random)

Odds Ratio OR

[0.49; 2.40] 1.7% 3.2%
[0.20; 1.24] 1.2% 2.7%
[0.43; 1.89] 1.9% 3.4%
[0.58; 1.29] 6.6% 5.3%
[0.70; 1.99] 3.8% 4.5%
[0.47; 0.89] 10.0% 5.7%
[0.55; 3.38] 1.3% 2.7%
[0.76; 3.61] 1.7% 3.2%
[0.98; 2.77] 3.8% 4.5%
[0.71; 2.03] 3.8% 4.5%
[0.30; 1.27] 2.0% 3.5%
[0.36; 1.86] 1.6% 3.1%
[0.94; 3.03] 3.1% 4.2%
[0.42; 1.98] 1.7% 3.3%
[0.81; 1.92] 5.6% 5.1%
[0.85; 2.58] 3.4% 4.3%
[0.53; 2.34] 1.9% 3.4%
[0.66; 1.25] 10.5% 5.7%
[0.45; 1.63] 2.5% 3.9%
[0.65; 1.32] 8.2% 5.5%
[1.04; 2.12] 8.2% 5.5%
[1.05; 5.14] 1.6% 3.2%
[0.81; 1.46] 11.6% 5.8%
[4.60;17.33] 2.4% 3.8%

[1.00; 1.22] 100.0% --
[0.97; 1.42] -~ 100.0%

Figure 5. Forest plot of meta-analysis in the over-dominant model (CT ws. CC+TT).

hypertension, cardiovascular disorders, anovulation,
infertility, trouble in conception, and unfavorable
pregnancy outcomes are widely established in PCOS
women (30). The indication of family-based and as-
sociation case-control studies suggests that PCOS has
a substantial genetic foundation, although the genes
prompting to PCOS have yet to be clearly defined. The
candidate genes predisposing to PCOS comprise those
indicated in the regulation of ovarian steroidogenesis
and also those genes that influence body mass index
(BMI) and adiposity (31). It has been proposed that an
amplified activity of ovarian P450c17a, a key enzyme
in the biosynthesis of androgens, is the fundamental
disorder in the ovarian hyperandrogenism observed
in this syndrome (9). Consequently, the initial inves-
tigations focused on the possible role of CYP17A41,
the gene that codes for cytochrome P450c17a, located
on chromosome 10g24.3. A polymorphism has been
found in the regulatory region of the CYP17A41 gene,
being a T to C substitution -34 bp from the trans-
lation start point in the promoter region. It has been
proposed that this modification may up-regulate the
expression of CYP17A1, resulting in an increased

synthesis of androgens (29). The obvious contribution
of the genetic factor to this syndrome was observed,
and the involvement of the CYP1741 gene polymor-
phism in raising the probability of PCOS was noted
through multiple case control and meta-analysis stud-
ies. However, several studies have shown that the T to
C substitution at 34 bp upstream the 5’ promoter re-
gion of the CYP17A41 gene was associated with PCOS;
while some have found the opposite (2).

The present meta-analysis integrated the updated
published studies of the CYP77A41gene through com-
prehensive literature retrieval as well as systematic analy-
sis and explored the relationship between the CYP1741
gene and PCOS. To the best of our knowledge, CY-
P17A1encodes the enzyme 17-a-hydroxylase/17-20
lyase (P45017a), which is a rate-limiting enzyme in
androgen synthesis. Diamanti-Kandarakis ez a/., 1999
was the first to propose that CYP1741 T/C gene poly-
morphism could be responsible for the deregulation of
gene CYPI7A1 expression, which aggravated hyperan-
drogenemia of PCOS (15), which was later supported
by Pusalkar ez a/., 2009 (1), who described a strong as-
sociation of CYP1741 T/C gene polymorphism with
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Table 3. Subgroup analyses were performed by ethnicity.

g g’ '§ Test of association Test of heterogeneity é
$ : |2
= S OR 95% CI P Model P P
Allele contrast Opverall 24 1,265 [1.108;1.445] <0.001 | Random <0.001 0,06
(C o T) Asian 17 | 1272 | [1.0721.510] | 0,005 | Random <0.001 0,12
Caucasian 7 1,242 [1.056;1.460] 0,008 | Fixed 0,42 0,44
Recessive model Opverall 23 1,221 [1.065;1.400] 0,004 | Fixed 0,46 0,16
(CC vs. CT+TT) Asian 16 | 1,181 | [1.016;1.371] | 0,029 | Fixed 0,47 0,68
Caucasian 7 1,443 [1.033;2.015] 0,031 | Fixed 0,42 0,11
Dominant model Opverall 24 1.378 [1.107;1.714] 0,003 | Random <0.001 0,30
(CC+CT vs. TT) Asian 17 | 1,430 | [1.072;1.907] | 0,014 | Random <0.001 0,29
Caucasian 7 1,276 [1.014;1.606] 0,037 | Fixed 0,39 0,90
Over-dominant model | Overall 24 1,171 [0.965;1.422] 0,10 | Random <0.001 0,24
(CT vs. CC+TT) Asian 17 | 1,236 | [0.966;1.582] | 0,09 |Random | <0.001 0,16
Caucasian 7 1,045 [0.836;1.306] 0,69 | Fixed 0,25 0,71
CCuaos. TT Overall 23 1,369 [1.095;1.712] 0,005 | Random 0,036 0,07
Asian 16 1,317 [1.001;1.733] 0,048 | Random 0,019 0,27
Caucasian 7 1,530 [1.063;2.202] 0,021 | Fixed 0,43 0,14
CC . CT Overall 23 1,170 [1.012;1.352] 0,033 | Fixed 0,49 0,91
Asian 16 1,136 [0.969;1.332] 0,11 Fixed 0,50 0,33
Caucasian 7 1,352 [0.951;1.924] 0,09 | Fixed 0,37 0,18
CT os. TT Overall 24 1.323 [1.052;1.663] 0,016 | Random <0.001 0,39
Asian 17 1,395 [1.032;1.885] 0,030 | Random <0.001 0,33
Caucasian 7 1,189 [0.933;1.515] 0,16 | Fixed 0,34 0,72

PCOS. In the current study, more frequencies of the
polymorphic C allele and CC genotype were discov-
ered in women with PCOS than in controls, which
supported the hypothesis that the significance of the
association was found to be more significant compared
with controls. It was hypothesized that this polymor-
phism could generate an additional sp1 binding site near
the promoter, which enhanced transcription activity of
CYP17A1 expression and produced hyperandrogenism.
However, experimental studies have not confirmed
this finding (2).This meta-analysis results validated
that the 17 CYP1741 T/C (rs74357) gene polymor-
phism was significantly associated with PCOS risk in
5 genetic models: recessive model (fixed and random

effect), dominant model (random effect), CC vs. TT

(fixed effect), CT os. TT (fixed effect), and allele con-
trast (random effect). Stratified analyses by ethnicity/
country also detected significant association between
Asian and Caucasian under the recessive, dominant,
CC 05. TT, CC ws. CT, and the allele contrast models.
All these data suggest a very strong implication of the
studied polymorphism independent of ethnic factors.
This meta-analysis does, however, have certain
limitations. First, the number of studies included in
the meta-analysis and the number of cases and controls
in the studies included in specific subgroups were both
limited. As a result, more research with a larger sample
size and more detailed information is required. Sec-
ond, because not all published studies offered adjusted
ORs, or when they did, the ORs were not adjusted for
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the same possible confounders, such as age, ethnicity,
and exposures, our meta-analysis was based on unad-
justed OR estimates. The limited information for data
analysis could result in substantial confounding bias.
Third, investigations of the polymorphism showed
high between-study variability, and the genotype dis-
tribution included deviated from HWE case-control
study (15,18,20).

Despite these disadvantages, our meta-analysis
has certain advantages. First and foremost, a rigorous
search. The use of a computer-assisted search method
allowed as many eligible studies to be included as
possible. Second, the case-control studies included
in this meta-analysis were of acceptable quality and
matched our inclusion criteria. Furthermore, the
meta-analysis approach was well designed before it
was started, with specific methods for research selec-
tion, data extraction, and data analysis (PRISMA).
Also, the meta-analysis was performed using the lat-
est version (3.0) of the reference software for per-
forming meta-analysis in genetics (Comprehensive
Meta Analysis).

Furthermore, more research evaluating the im-
pact of gene—gene and gene-environment interactions
could lead to a more complete understanding of the
link between the CYP17A41 T/C polymorphism and
PCOS risk.

Conclusion

The current findings in our meta-analysis result
suggest that gene polymorphisms influence the expres-
sion and production of CYP17A41and the CYP17A1
T/C (rs74357) gene polymorphism plays an important
role in increasing the susceptibility of PCOS when
carrying the C allele (genotype T'C and CC). Despite
the undoubted connection of CYP17A41gene polymor-
phism to PCOS, the range to which CYP1741gene
polymorphism contributes to metabolic dysfunction in
PCOS is unidentified and needs further study. Mean-
while, due to the strong correlation between PCOS
and CYP17A1rs7435742 polymorphism, it could be
used as a genetic marker for PCOS, and might supply
another tool for assessing women’s susceptibility. Like-
wise, the CYP17A1 could be applied to the treatment
of PCOS as a potentially feasible target.

Conflict of Interest: Each author declares that he or she has no
commercial associations (e.g. consultancies, stock ownership, equity
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article.

Funding: This work was non-funded.

Ethics Approval: Ethical approval will not be required because this
study will retrieve and synthesise data from already published studies.

Authors Contribution: MLR article writing and editing, DE
research and collection of DATA, HB research and collection of
DATA, DC paper review.

References

1. Pusalkar M, Meherji P, Gokral J, et al. CYP11A1 and
CYP17Alpromoter polymorphisms associate with hyper-
androgenaemia in polycystic ovary syndrome. FertilSteril.
2009; 92:653-659.d0i:10.1016/j.fertnstert.2008.07.016.

2.Xu X, Hu K, Shi H, et al. The single-nucleotide poly-
morphism rs743572 of CYP17A1 shows significant as-
sociation with polycystic ovary syndrome: a meta-analysis.
Reprod Biomed Online. 2021; 43: 941-951. doi:10.1016/j
.rbmo.2021.06.012.

3.Razavi P, Lee E, Bernstein L, et al. Variations in sex hor-
mone metabolism genes, postmenopausal hormone ther-
apy and risk of endometrial cancer. Int J Cancer. 2012;
130:1629-1638. doi:10.1002/ijc.26163.

4. Rahimi Z, Mohammadi E. The CYP17A1MSP AI (T-34C)
and CYP19A1 (Trp39Arg) variants in polycystic ovary syn-
drome: A case-control study. Int ] Reprod Biomed. 2019;
17:201. doi: 10.18502/ijrm.v17i3.4519.

5.Kaur R, Kaur T, Kaur A. Genetic association study
from North India to analyze association of CYP19A1
and CYP17A1 with polycystic ovary syndrome. J As-
sist Reprod Genet. 2018; 35:1123-1129. doi:10.1007
/s10815-018-1162-0.

6. Park JM, Lee EJ, Ramakrishna S, et al. Association study
for single nucleotide polymorphisms in the CYP17A1 gene
and polycystic ovary syndrome. Int ] Mol Med. 2008; 22:
249-254. doi:10.3892/ijmm_00000016.

7. Unsal T, Konac E, Yesilkaya E, et al. Genetic polymorphisms
of FSHR, CYP17,CYP1A1, CAPN10,INSR, SERPINE1
genes in adolescent girls with polycystic ovary syndrome.
J Assist Reprod Genet. 2009; 26: 205-16. doi:10.1038
/ij0.2008.61.

8. Dasgupta A, Banerjee U, Roy P, et al. Assessment of CYP
17 gene polymorphism in subjects with polycystic ovarian
syndrome and central obesity in an Indian subpopulation.
Int ] Hum Genet. 2014; 14: 33-41. doi:10.1080/09723757
.2014.11886225.



Acta Biomed 2023; Vol. 94, N. 4: ¢2023167

11

9. Ashraf S, Rasool SU, Nabi M, et al. CYP17Al1gene poly-
morphic sequence variation is associated with hyperan-
drogenism in Kashmiri women with polycystic ovarian
syndrome. Gynecol Endocrinol. 2021; 37: 230-234. doi:10
.1080/09513590.2020.1770724.

10. Echiburt B, Pérez-Bravo F, Maliqueo M, et al. Polymor-
phism T— C (- 34 base pairs) of gene CYP17A1promoter
in women with polycystic ovary syndrome is associated with
increased body weight and insulin resistance: a preliminary
study. Metabolism. 2008;57: 1765-1771. doi:10.1016/j
.metabol.2008.08.002.

11.Liu Z, Xiao GH. Genetic polymorphism of CYP17, INS
and LHP genes in patients with polycystic ovary syndrome.
Master’s Thesis, Guangzhou Medical College. 2011.Chinese.

12. Page M]J, McKenzie JE, Bossuyt PM, et al. The PRISMA
2020 statement: an updated guideline for reporting sys-
tematic reviews. Systematic reviews. BM] 2021; 10:1-1.
doi:10.1016/}.ijsu.2021.105906.

13. Franks S, Gharani N, McCarthy M. Candidate genes in
polycystic ovary syndrome. Hum Reprod Update. 2001;
7:405-410. doi:10.1093/humupd/7.4.405.

14. Rotterdam ESHRE/ASRM[1Sponsored PCOS Consensus
Workshop Group. Revised 2003 consensus on diagnos-
tic criteria and long-term health risks related to polycystic
ovary syndrome. FertilSteril. 2004;81: 19-25. doi:10.1016/j
fertnstert.2003.10.004.

15. Diamanti-Kandarakis E, Kouli CR, Bergiele AT, et al. A
survey of the polycystic ovary syndrome in the Greek is-
land of Lesbos: hormonal and metabolic profile. J Clin
Endocrinol Metab. 1999; 84:4006-4011. doi:10.1210/jcem
.84.11.6148.

16. Cao YX, Zhuang GL. Study on the association between
polymorphism in the regulatory region of the 17-o-
hydroxylase and 17-20 lyase gene and polycystic ovary
syndrome. Progess in Obsterics and Gynecology.1999;
9:305-308. Chinese.

17. Marszalek B, Lacinski M, Babych N, et al. Investigations
on the genetic polymorphism in the region of CYP17A-
1gene encoding 5'-UTR in patients with polycystic ovar-
ian syndrome. Gynecol Endocrinol. 2001; 15:123-128.
doi:10.1080/gye.15.2.123.128.

18. Kahsar-Miller M, Boots LR, Bartolucci A, et al. Role of
a CYP17Alpolymorphism in the regulation of circulat-
ing dehydroepiandrosterone sulfate levels in women with
polycystic ovary syndrome. Fertilsteril.2004; 82: 973-975.
doi:10.1016/j.fertnstert.2004.05.068.

19. Tan L, Zhang L, Zhu GJ. Polymorphism of CYP17A1gene
in patients with polycystic ovary syndrome of Han nation-
ality in China. Journal of Zhengzhou University. 2005;
40:438-441. Chinese.

20. Ding LL, Tang R, Chen Z]. The association between CY-
P17A1gene polymorphism and high blood testosterone
level in Shandong women with polycystic ovary syndrome
of HAN nationality. Master’s Thesis Shandong University.
2007. Chinese.

21. Luo SC, Zhang YZ. Research on relationship of depressed
liver-dispersing and liver fire-purging therapy and polycystic

ovary syndrome in patients with syndrome of liver excessive
heat with the polymorphism of CYP11B2/CYP17A1gene.
Master’s Thesis, Guangzhou Medical College. 2007.Chinese.

22.Li WL, Cai X. The study of a PolymorPhism in the
CYP17Al1gene and the poly cystic ovary syndrome. Mas-
ter’s Thesis Xin jiang Medical University. 2008.Chinese.

23. Pérez MS, Cerrone GE, Benencia H, et al. Polymorphism
in CYP11alpha and CYP17A1genes and the etiology of hy-
perandrogenism in patients with polycystic ovary syndrome.
Medicina.2008; 68 : 129-134.Spanish.

24.Zhao CX, Wang F. Study on the relationship between the
polymorphism in CYP17AlIgene and polycystic ovary syn-
drome in Jimng city. Journal China Health Monthly.2011;
8:25-27. Chinese.

25. Cirilo Ramos PD, Rosa FE, Moreira-Ferraz MF, et al. Ge-
netic polymorphisms associated with steroids metabolism
and insulin action in polycystic ovary syndrome. Gynecol
Endocrinol.2012; 28: 190-194. doi:10.3109/09513590.201
1.593661.

26.Li L, Gu ZP, Bo QM, et al. Association of CYP17A1 gene-
34T/C polymorphism with polycystic ovary syndrome in
Han Chinese population. Gynecol Endocrinol. 2015; 31:
40-43. doi: 10.3109/09513590.2014.947948.

27. Banerjee U, Dasgupta A, Khan A, et al. A cross-sectional
study to assess any possible linkage of C/T polymorphism in
CYP17A1 gene with insulin resistance in non-obese women
with polycystic ovarian syndrome. Indian ] Med Res. 2016;
143:739. d0i:10.4103/0971-5916.191990.

28.Wu M, Lu Y, Han L, et al. Han Nationality Patients with
Polycystic Ovary Syndrome in Xinjiang: Polymorphism
of CYP 17 Gene and Its Relationship with Pathogenesis.
ProgMod Biomed.2017; 5305-5308. doi: 10.13241/j.cnki
.pmb.2017.27.026.

29. Munawar Lone N, Babar S, Sultan S, et al. Association of
the CYP17Aland CYP19 gene polymorphisms in women
with polycystic ovary syndrome from Punjab, Pakistan.
Gynecol Endocrinol. 2021; 37: 456-461. doi:10.1080
/09513590.2020.1822803.

30. Delitala AP, Capobianco G, Delitala G, et al. Polycystic
ovary syndrome, adipose tissue and metabolic syndrome.
Arch Gynecol Obstet. 2017; 296: 405-419. doi:10.1007
/s00404-017-4429-2.

31. Vollmert C, Hahn S, Lamina C, et al. Calpain-10 vari-
ants and haplotypes are associated with polycystic ovary
syndrome in Caucasians. Am J Physiol Endocrinol Metab.
2007; 292: E836-44. doi:10.1152/ajpendo.00584.2005.

Correspondence:

Received: 3 February 2023

Accepted: 6 July 2023

Mohamed Larbi Rezgoun

Université des Fréres Mentouri Constantine 1, route Ain El
Bey, Ali Mendjli, Constantine, Algéria.

E-mail: rezgoune.mohamed.larbi@umc.edu.dz



