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Abstract
Fatemeh
Yari1, Kamran Aeinfar2, Saber Abbaszadeh3, Khatereh Anbari4, Seyyed Amir Yasin Ahmadi3*

War and poverty are ‘extraordinary conditions created by human intervention’ and ‘preventable public health problems.’ War and
poverty have many negative effects on human health, especially women’s health. Health problems arising due to war and poverty are
being observed as sexual abuse and rape, all kinds of violence and subsequent gynecologic and obstetrics problems with physiological
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Figure 1. Searching algorithm of relevant articles.

Figure 1. Searching Algorithm of Relevant Articles.

covers information of totally 3046 individuals of both
PCOS and control groups. Since the P values had been
calculated with Yate correction (or Fisher exact test if
necessary), the odds ratios (ORs) achieved from these P
values are under-estimated.
In order to recognize publication bias, we used funnel
plots (12). Being in the funnel for each study was
considered as homogeneity. In cases of heterogeneity, we
corrected manually the weights of the heterogenic studies
instead of using random-effect model. This correction
(weight decreasing) was through increasing the standard
error of having bias studies. In such cases we used the
effect size instruction “log OR and standard error” instead
of “ P value and sample size.” Of course the mentioned
ORs are achieved from the P values; because conventional
calculation of OR, makes the effect sizes over-estimated in
comparison to using P values with Yate’s correction. For
multiple comparisons of the results of the mentioned 5
groups, Benjamini-Hochberg correction was used.

Results
Among the 8 studies imported in the meta-analysis, 6 of
them had been covered by Jia et al meta-analysis (13-18).
Analyses were performed in 5 different groups of alleles
and genotypes including D vs I (Figures 2, 3), DD vs II
(Figures 4, 5), DD+DI vs II (Figures 6, 7), DD vs DI+II
(Figures 8, 9), and DI vs DD+II (Figures 10, 11). Among
these 5 analyses, 4 of them were statistically significant
(Table 1). After applying the multiple comparison
correction, they still remained significant. The publication
bias and their weight corrections are pointed out in the
funnel plots (Figures 2A, 4A, 4B, 6A, 6B, 8A, 8B, 10A,
and 10B). The meta-analysis results are shown in the
forest plots (Figures 2B, 4C, 6C, 8C and 10C). Impact of
ethnicities and sample sizes on the results are shown as
meta-regressions (Figures 3, 5, 7, 9 and 11).
As we said, the previous meta-analysis found no
significant correlation between ACE genotypes and PCOS.
This could be due to their smaller size of total population
and using random-effect model. As we checked in our
funnel plots, using the random-effect model was not able
to correct the heterogeneities of the studies. Therefore, we
used fixed-effect model instead, and in order to correct
the heterogeneities we decreased the weights of the
studies having publication bias. Our statistical aim for
this homogenizing was to move the co-ordination of such
studies from outside to inside of the funnel in funnel plots.
For the analysis D vs I, firstly we found a significant
correlation (Table 1), but after applying the needed weight
correction (Figure 1A), this significance correlation did not
remain (Table 1). Its justification could be the protecting

Table 1. Data Summery and P values of the Imported Studies
Study

Population (Ethnicity)

D vs I

DD vs II

DD+DI vs II

DD vs DI+II

DI vs DD+II

Sun et al (13)

249 (Asian)

0.4884 (-)

0.2654 (-)

0.3994 (+)

0.3078 (-)

0.8875 (+)

Sun et al (16)

582 (Asian)

0.3482 (+)

0.1167 (+)

0.2222 (+)

0.1703 (+)

0.9203 (-)

Karabulut et al (15)

63 (Caucasian)

0.4463 (-)

1 (+)

1 (-)

0.2418 (+)

0.1809 (-)

Celik et al (14)

63 (Caucasian)

0.3994 (+)

0.4054 (+)

1 (+)

0.0457 (+) *

0.0584 (-)

Bayram et al (17)

200 (Caucasian)

0.0344 (+) *

0.0239 (+) *

0.4976 (+)

0.0001 (+) *

0.0011 (-)*

Koika et al (18)

1067 (Caucasian)

0.8414 (+)

0.1502 (+)

0.0333 (+) *

0.6315 (-)

0.0488 (+) *

Deepika et al (19)

574 (Indian)

0.8230 (+)

0.8414 (-)

0.0864 (-)

0.0609 (+)

0.0010 (-) *

Ożegowska et al (20)

248 (Caucasian)

0.0002 (+) *

0.0001 (+) *

0.0001 (+) *

0.0001 (+) *

0.3348 (-)

P value before
homogenizing

0.046 (+) *

0.004 (+) *

0.011 (+) *

0.001 * (+)

0.077 (-)

P value after
homogenizing

0.171 (+)

0.022 (+) *
OR =1.169

0.013 (+) *
OR =1.195

0.033 (+) *
OR =1.160

0.009 (-) **
OR =0.816

Corrected P value

0.171 (+)

0.036 (+) *

0.032 (+) *

0.041 (+) *

0.045 (-) *

Ożegowska

Ożegowska

Ożegowska and
Deepika
0.239/0.37
0.152/0.22

Ożegowska and
Bayram
0.239/0.38
0.269/0.44

Koika and
Bayram
0.111/0.20
0.269/0.35

Meta-analysis

Multiple comparison
Homogenizing

Corrected-weight study

Previous/corrected
0.239/0.4
standard error
Abbreviation: OR, odds ratio.
Note: (+) shows risk factor and (-) shows protecting factor.
* Significance level is at 0.05.

0.239/0.37
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Figure 2. (A) Funnel plot for D vs I after homogenizing. (B) Forest
plot for D vs I.

Figure 4. (A) Funnel plot for DD vs II. One publication bias has
been found. B) Funnel plot for DD vs II after homogenizing. (C)
Forest plot for DD vs II (*P = 0.022).

Figure 3. (A) Meta-regression of D vs I for ethnicities of the
studied populations. (B) Meta-regression of D vs I for sample size
of the studied populations.

effect of DI genotype in spite of the negative effect of DD
genotype on PCOS. For the analysis DD vs II, after weight
correction (Figure 4B), the risk factor role of DD genotype,
remained significant (Table 1). Similarly, for the analysis
DD+DI vs II, after weight correction (Figure 6B), the risk
factor role of DD genotype remained significant (Table 1).
Its justification could be the protecting effect of II genotype
in spite of the protecting effect of DI genotype on PCOS.
For the analysis DD vs DI+II, after weight correction
(Figure 8B), the risk factor role of DD genotype remained
166

Figure 5. (A) Meta-regression of DD vs II for ethnicities of the
studied populations. (B) Meta-regression of DD vs II for sample
size of the studied populations.
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Figure 6. (A) Funnel plot for DD+DI vs II. Two publication bias
analyses have been found. (B) Funnel plot for DD+DI vs II after
homogenizing. (C) Forest plot for DD+DI vs II. (*P = 0.013)

Figure 8. (A) Funnel plot for DD vs DI+II. Three publication bias
have been found. Weight correction on 2 of them should be
performed. (B) Funnel plot for DD vs DI+II after homogenizing.
(C) Forest plot for DD vs DI+II (*P = 0.033)

significant (Table 1). For the analysis DI vs DD+II, after
weight correction (Figure 10B), the protecting role of DI
genotype remained significant (Table 1).
The meta-regressions show that these roles of ACE
polymorphism in PCOS are not affected by Caucasian race
(Figures 3A, 5A, 7A, 9A and 11A). In meta-regressions of
the study sample sizes, it is observed that the risk factor
role of DD genotype decreases in larger populations
(Figure 9B), and also the protecting role of DI genotype
decreases in larger populations (Figure 11B). Of course
these plots are based on our weight-corrected model.

Figure 7. (A) Funnel plot for DD+DI vs II. Two publication bias
analyses have been found. (B) Funnel plot for DD+DI vs II after
homogenizing. (C) Forest plot for DD+DI vs II. (*P = 0.013)

Discussion
Role of genetic polymorphisms in pathogenesis of PCOS
has been previously described. For instance, Panda et
al have shown in a systematic review that up to now 43
different types of proteins are involved in pathogenesis of
PCOS (ACE protein was not among them). Most of them
were insulin related genes and proteins (21). The exact
molecular pathogenesis of PCOS is still unclear. Infertility
is one of the complications of PCOS (4). In such patients,
controlled ovarian stimulation could be used (22),
although ovarian hyper-stimulation has its own problems
(23,24). For this reason, spontaneous abortion is higher
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Figure 9. (A) Meta-regression of DD vs DI+II for ethnicities of the
studied populations. B) Meta-regression of DD vs DI+II for sample
size of the studied populations (*Slope P = 0.012)

in PCOS patients even after using assisted reproductive
technologies (4).
As described by Cheng et al, paternal history of diabetes
mellitus and hypertension can increase the risk of PCOS
(25). Another study believes that familial history of
obesity, diabetes mellitus and hypertension increase the
risk of PCOS (26). Since familial hypertension seems
to be an angiotensin related phenotype (27), ACE gene
polymorphism might be effective in the incidence and
severity of PCOS. Of course this estimation is based on
the renal RAS.
It seems and is hypothesized that both renal and ovarian
RAS might be involved in physiopathology of PCOS.
Ovarian RAS is involved in ovulation process whereas
renal RAS is involved in blood pressure and hemodynamic
changes. The role of hyper- and hypo-activity of RAS may
be paradoxically different. Biochemistry wise, aldosterone
as the outcome of RAS, is a part of cholesterol related
cycles of metabolism. Hence the hyperlipidemia, insulin
resistance and hyperandrogenism occurred in PCOS will
not be unfamiliar to renal RAS. Therefor statins (28) and
spironolactone (29) can be used for treatment of PCOS
because they directly and indirectly related to the abovementioned mechanisms.
Conclusion
It is concluded that the hypertension related gene ACE
is associated with PCOS. Although this association is
statistically significant, the ORs are not distant enough
from one to show a highly effective role. Since the
physiological activity of DI genotype is between DD and
II, it seems that both hyper- and hypo-activity of ACE
gene could be harmful for PCOS (but more of hyperactivity) as a scientific model. Hence it is suggested to use
168

Figure 10. (A) Funnel plot for DI vs DD+II. Three publication
bias analyses have been found. Weight correction on two of
them should be performed. B) Funnel plot for DI vs DD+II after
homogenizing. (C) Forest plot for DI vs DD+II (**P = 0.009)

Figure 11. (A) Meta-regression of DI vs DD+II for ethnicities of the
studied populations. B) Meta-regression of DI vs DD+II for sample
size of the studied populations (*Slope P = 0.020)
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a very low dose of captopril in the PCOS patients having
DD genotype in future as clinical trials. This dose should
be lower than usual because of the risk of hyperkalemia.
Of course captopril will be just a scientific model for ACE
inhibition, not a secondary usage for this medication.
Further investigation on ovary ACE system is needed.
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