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Abstract

Polycystic ovary syndrome (PCOS) is a hormonal disorder which affects women in their reproductive ages. There might have
association between maternal and neonatal complications with PCOS. The goal of this study is to look for the association between
polycystic ovary syndromes (PCOS) and obstetric complications through meta-analysis on the basis of previously published studies
from 2000 to 2019. In the current endeavour 17 studies involving 1975 women with PCOS and 10812 controls were selected for
pooling. During pregnancy period women who have PCOS showed a significantly higher risk of developing gestational diabetes
mellitus (GDM) (RR 2.51; 95% CI: 1.71-3.65), pregnancy induced hypertension (PIH) (RR 2.76; 95% CI: 2.04-3.72), preeclampsia
(RR 2.14; 95% CI: 1.34-3.40), preterm birth (RR 1.41; 95% CI: 1.08-1.85) compared to controls. Neonatal birth weight is
significantly lower (SMD -0.18; 95% CI: -0.33 to -0.03) compared to controls. It is concluded that women who have PCOS have
greater chance of having pregnancy complications as well as risk of neonatal complications such as having low birth weight.
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l. Introduction

Polycystic ovary syndrome (PCOS) is a typical hormonal
disorder in which ovaries produce an abnormal amount of
specific hormones. This could affect women in their
reproductive years with prevalence of 6.8% to 13%.'
Although the prevalence is high, the exact cause of PCOS is
unknown and there are varying diagnostic criteria for PCOS
detection.” The PCOS is characterized by clinical or
laboratory indices of increased androgen levels, abnormal
ovulation, and polycystic ovaries on ultrasonography.®
Clinical symptoms of PCOS are menstrual irregularity,
persistent acne, hirsutism, abdominal obesity, androgen
dependent alopecia and infertility.* Although diverse
clinical features of PCOS are evident, the exact process of
developing PCOS remains unknown.’

Substantially increasing source of evidence indicates that
there is a high prevalence of obstetrics complications in
women with PCOS. The complication of gestational
diabetes mellitus (GDM), pregnancy-induced hypertension
(PIH), pre-eclampsia, premature delivery, lower neonatal
birth weight are considered as adverse pregnancy
outcomes.® The gestational diabetes mellitus (GDM) is
referred as glucose intolerance of various degrees that is
first detected during pregnancy. Li et al.” reported that there
was a significant increase in the risk of GDM and pre-
eclampsia due to PCOS. The preeclampsia is characterized
by high blood pressure and signs of damage to another
organ system. It starts usually after 20 weeks of conception
in women whose blood pressure had been normal. de Vries
et al.® investigated the association between PCOS and pre-
eclampsia and found significant increase in risk for PCOS
patients. The pregnancy-induced hypertension (PIH) which
is a form of high blood pressure during pregnancy was
found higher among PCOS patients.’

Though many studies found the association between PCOS
and adverse pregnhancy outcomes, some studies e.g.
Haakova et al.*®, Vollenhoven et al.*, Wortsman et al.*?,
and Yan et al."® contradicted some associations between
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them. The possible reasons behind this could be inadequate
data, faulty study designs, ethnicity of study population or
even erroneous interpretations. Considering the importance
and depth of the problem, this study attempted a large-scale
analysis of the available evidence through a meta- analysis
to ascertain more clearly the association between PCOS and
adverse pregnancy outcomes including fetal and neonatal
deaths.

I1. Materials and Methods
Search Strategy

To identify studies for analysis, a systematic search was
conducted in electronic databases: PubMed and MEDLINE
from January 2000 through July 2019. For initial search, we
use the following search terms: (pregnancy OR pregnant
OR obstetric) AND (polycystic ovary syndrome OR PCOS)
AND (neonatal complications OR neonatal birth-weight OR
maternal complications OR preterm delivery OR pregnancy
induced hypertension OR preeclampsia OR gestational
diabetes mellitus).

Data Extraction

Articles were selected following the inclusion and
exclusion criteria described in Table 1. A quality
assessment was accomplished according to the Newcastle-
Ottawa Scale (NOS) and include those articles for meta-
analysis which have NOS score greater than 6 out of 8.

Table 1. Inclusion and exclusion criteria

Inclusion Criteria Exclusion Criteria

Use of women without PCOS
as controls.

Studies having women with
priori hypertension or diabetes

. . . mellitus.
Ending terms incorporating

GDM, PIH, pre-eclampsia,
preterm delivery, birth weight.

After conception Metformin was
used by the PCOS group.

Information on general characteristics such as author name,
year of publication, number of PCOS patients, number of
controls, number of outcomes from PCOS group and
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control group, mean age of PCOS group and control group,
mean BMI of PCOS group and control group have been
collected from the selected studies. The major
characteristics of the included studies are presented in
Table 2.

Statistical Methods

For dichotomous data, we used risk ratios (RR) as our
effect estimate and calculated corresponding 95%
confidence intervals (CI). For continuous data we used
standardized mean difference (SMD) as effect estimate
and calculated corresponding 95% CI following a random-
effects model. We detected between study heterogeneity
by x2 tests of significance and a P value < 0.10 was
considered as statistically significant. Again 1° statistic
was also used to detect heterogeneity where we considered
I’< 25% as low heterogeneity and 1> 50% as high
heterogeneity. For evaluating publication bias, we
performed the Egger test and a P value < 0.10 was
considered as significant. RStudio programming language
has been used for data analysis.

I11. Results

In the initial electronic search, 687 articles were identified
and 605 articles were excluded because of irrelevance and
duplication. Remaining 82 articles were screened by
abstract review and 45 articles were excluded because of
irrelevance.

Remaining 37 articles were read in full and 22 articles
were excluded because of not meeting selection criteria.
Eventually, 17 studies satisfy the criteria for the meta-

Table 2. Major characteristics of the included studies
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analysis (Fig. 1). A total of 17 studies, involving 1975
women with PCOS and 10812 controls were suitable for
the systematic review and meta-analysis.

For the analysis we took PCOS as a risk factor and
gestational ~ diabetes  mellitus,  pregnancy-induced
hypertension, pre-eclampsia, premature delivery rate and
neonatal birth weight were considered as outcomes.

Gestational Diabetes Mellitus (GDM)

There were 12 studies which investigated the association
between PCOS in pregnant women and developing GDM.
Those studies assessed GDM in 1676 women with PCOS
and 10230 women without PCOS. We used the
assumption of random effect model and the pooled result
showed that women with PCOS are more likely to develop
GDM in comparison to controls [RR: 2.51; 95% CI: 1.71-
3.65].

The Cochran’s Q test found that there is significant
between study heterogeneity and the value of 12 also
suggests the same. [x2: P < 0.001, I°= 89.0%] (Fig. 2).

Pregnancy Induced Hypertension (PIH)

There were 12 studies which investigated the association
between PCOS in pregnant women and developing PIH.
These studies assessed PIH in 1234 women with PCOS
and 8293 women without PCOS. We used the
assumption of random effects model and the pooled
result showed that women with PCOS are more likely to
develop PIH in comparison to controls [RR: 2.76; 95%
Cl: 2.04-3.72].

No | Author Country Size z?)tr'ﬁ?;{ Outcome variable

1 Haakova et al.2°(2003) Czech Republic | 126 60/66 GDM, PIH, Preterm-birth

2 | Turhan etal.*(2003) Turkey 174 | 38/136 PIH, Pre-eclampsia, Preterm-birth, GDM, PIH

3 | Weerakiet etal.*(2004) Thailand 311 | 47/264 GDM, Preterm-birth, Birth weight

4 Sir-Petermann et al.*® (2005) Chile 227 47/180 Birth weight

5 Huetal.}"(2007) UK 44 22/22 PIH

6 Sir-Petermann et al. *¥(2007) Chile 99 48/51 GDM,PIH

7 Altieri et al.5(2010) Italy 174 15/159 GDM, PIH, Pre-eclampsia, Preterm-birth, Birth weight
8 | Dmitrovical.'*(2011) USA 34 1717 GDM, Birth weight

9 Reyes-Muoz et al.®(2012) Mexico 102 51/51 GDM, Pre-eclampsia, Preterm-birth, Birth weight
10 | Palomba et al.?(2012) Italy 126 42/84 PIH, Pre-eclampsia, Preterm-birth, Birth weight
11 | Wang et al.’(2013) China 738 | 144/594 | GDM,PIH

12 | Ashrafi et al.?2(2014) Iran 468 | 234/234 | GDM

13 | Aktun et al.®(2016) Turkey 310 | 150/160 | PIH, Pre-eclampsia, Preterm-birth

14 | Sawada et al.?%(2015) Japan 98 49/49 GDM,PIH, Preterm-birth

15 Kollmann et al.'’ (2015) Austria 879 171/708 GDM,PIH, Preeclampsia, Preterm-birth

16 | Xiao etal .®(2016) China 2389 | 352/2037 | GDM, Preterm-birth

17 | Li et aI.26(2018) China 6488 | 488/6000 | GDM, PIH, Preterm-birth
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Fig. 1. Flowchart for the inclusion of articles in the meta-analysis

The Cochran’s Q test suggests that there is no significant
between study heterogeneity and the value of I also
suggests the same [y2: P = 0.13, 1= 33%] (Fig. 3).

Pre-eclampsia

There were 7 studies which investigated the association
between PCOS in pregnant women and developing pre-
eclampsia. These studies assessed pre-eclampsia in 514
women with PCOS and 1562 women without PCOS. We
used the assumption of random effects model. The pooled
results showed that women with PCOS demonstrated a
significantly higher chance of developing pre-eclampsia
when compared with controls [RR: 2.14; 95% CI: 1.34-3.40].

The Cochran’s Q test could not find evidence of between
study heterogeneity and 1° also suggests the same [y2: P =
0.45, 1>=0%] (Fig. 4).

Premature Delivery

There were 11 studies which investigated the association
between PCOS in pregnant women and developing
premature delivery. These studies assessed premature
delivery in 1423 women with PCOS and 9714 women
without PCOS. We used the assumption of random effect
model and the pooled result showed that women with PCOS
have greater risk of premature delivery in comparison to
women without PCOS [RR: 1.41; 95% CI: 1.08-1.85].

Experimental Control Risk Ratio Risk Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Haakova(2003) 3 60 8 66 52%  0.41[0.11; 1.48] ——
Weerakiet(2004) 8 47 16 264 83% 2.81[1.27; 6.19] —il—
Sir-Petermann(2007) 6 48 1 51 26% 6.37[0.80;51.03] +—
Altieri(2010) 3 15 6 159 52% 5.30[1.47;19.08] i
Dmitrovic(2011) 8 17 2 17  47% 4.00[0.99; 16.16] ——
Reyes-Muioz(2012) 14 51 4 51 6.6% 3.50[1.24; 9.91] — i
Wang(2013) 79 144 85 594 123%  3.83[3.00; 4.90] -]
Ashrafi(2014) 104 234 70 234 124% 1.49[1.17; 1.89] =
Sawada(2015) 12 49 5 49 71% 2.40[0.91; 6.30] ——
Kollmann(2015) 39 17 18 708 10.4% 8.97[5.26; 15.29] - i
Xiao(2016) 64 352 278 2037 123%  1.33[1.04; 1.71] B
LI(2018) 157 488 1274 6000 128%  1.52[1.32; 1.74] - §
Total (95% Cl) 1676 10230 100.0%  2.50 [1.71; 3.65] -
Prediction interval [0.70; 8.91] e —
Heterogeneity: Tau® = 0.2879: Chi® = 98.51, df = 11 (P < 0.01); I = 89% I UL !

01 051 2 10

Fig. 2. Risk ratio for incidence of GDM in women with PCOS and without PCOS
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Experimental Control Risk Ratio Risk Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% ClI
Turhan(2003) 3 38 2 136 7.1% 5.37[0.93; 30.98] ——e—
Weerakiet(2004) 2 47 1 264 38% 11.23[1.04;121.42] I —
Altieri(2010) 0 15 2 159 24% 2.06[0.10; 40.98] *
Reyes-Mufioz(2012) 5 51 6 51 172% 0.83[0.27; 2.56] —a—
Palomba(2012) 4 42 3 84 103% 2.67[0.63; 11.37] -
Kollmann(2015) 6 171 11 708 225% 2.26[0.85; 6.02] i
Aktun(2015) 18 150 9 160 36.7% 2.13[0.99; 4.60] -l
Total (95% CI) 514 1562 100.0% 2.14[1.34; 3.40] <
Prediction interval [1.16; 3.93] —
Heterogeneity: Tau? = 0; Chi’ = 5.74,df = 6 (P = 0.45); = 0% J J !
001 0.1 1 10 100
Fig. 3. Risk ratio for occurrence of PIH in women with PCOS and without PCOS
Experimental Control Risk Ratio Risk Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Haakova(2003) 5 60 4 66 48% 1.37[0.39; 4.88] ———
Turhan(2003) 4 38 9 136 59% 1.59[0.52; 4.88] —H-—
Weerakiet(2004) 8 47 16 264 10.0% 2.81[1.27; 6.19] —-
Hu(2007) 6 22 0 22 1.1% 13.00[0.78;217.33] :
Sir-Petermann(2007) 4 48 0 51 1.0% 9.56[0.53;172.87] :
Altieri(2010) 2 15 10 159 39% 2.12[0.51; 8.80] —-—
Palomba(2012) 7 42 5 84 62% 2.80[0.94; 8.30] — -
Wang(2013) 15 144 19 594 128% 3.26[1.70; 6.25] -
Aktun(2015) 39 150 19 160 16.9% 2.19[1.33; 3.61] E 3
Sawada(2015) 2 49 0 49 1.0% 5.00[0.25;101.51] :
Kollmann(2015) 19 171 9 708 10.2% 8.74[4.03; 18.98] |
Li(2018) 63 448 390 6000 26.2% 2.16[1.69; 2.77] 2
Total (95% Cl) 1234 8293 100.0% 2.76 [2.04; 3.72] »
Prediction interval [1.37; 5.53] —
Heterogeneity: Tau® = 0.0740; Chi® = 16.36, df = 11 (P = 0.13): I° = 33% I ' ' '
0.01 01 1 10 100
Fig. 4. Risk ratio for occurrence of pre-eclampsia in women with PCOS and without PCOS
Experimental Control Risk Ratio Risk Ratio
Study Events Total Events Total Weight MH, Random, 95% ClI MH, Random, 95% CI
Haakova(2003) 18 60 10 66 99% 1.98[0.99; 3.95] —
Turhan(2003) 6 38 13 136 6.8% 1.65[0.67; 4.05] o
Weerakiet(2004) 6 47 14 264 6.7% 2.41[0.97; 5.95] —i
Altieri(2010) 3 15 10 159 44% 3.18[0.98;10.31] =
Reyes-Mufoz(2012) 6 51 12 51 6.7% 0.50[0.20; 1.23] B :
Palomba(2012) 3 42 4 84 30% 1.50]0.35; 6.40] -
Aktun(2015) 19 150 23 160 12.6%  0.88[0.50; 1.55] —i—
Sawada(2015) 6 49 5 49 48% 1.20[0.39; 3.67] =
Kollmann(2015) 6 171 30 708 7.2% 0.83[0.35; 1.96] .
Xiao(2016) 30 352 94 2037 17.8%  1.85[1.24; 2.74] -
Li(2018) 36 448 320 6000 20.1%  1.51[1.08; 2.10] -
Total (95% CI) 1423 9714 100.0% 1.41[1.08; 1.85] e
Prediction interval [0.74; 2.70]
Heterogeneity: Tau® = 0.0633; Chi® = 15.48, df = 10 (P = 0.12); I = 35% J ' |
0.1 05 1 2 10

Fig. 5. Risk ratio for occurrence of pre-eclampsia in women with PCOS and without PCOS
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Experimental Control

Study Mean  SD Total Mean

Weerakiet(2004)  3052.30 471.90 47 3138.30 390.70

47 3469.40 414.60
15 3227.00 566.00
17 3663.00 372.00
51 2976.00 621.00
42 3407.00 640.00
49 2825.00 514.00

Sir-Petermann(2005) 3303.50 775.60
Altieri(2010) 3180.00 387.00
Dmitrovic(2011) 3346.00 408.00
Reyes-Mufoz(2012) 3055.00 552.00
Palomba(2012) 3209.00 840.00
Sawada(2015) 2844.00 637.00
Total (95% Cl) 268

Prediction interval

Heterogeneity: Tau® = 0.0118; Chi® = 7.73, df = 6 (P = 0.26); I* = 22%

SD Total Weight

Tanvir and Rahman

Std. Mean Difference
IV, Fixed, 95% CI

Std. Mean Difference
IV, Fixed, 95% CI

264 226% -0.21[-052; 0.10] —&
180 21.0% -0.32[-0.65; 0.00] o
159  7.8% -0.08[-0.61; 0.44] ——
17 44% -079[-149;-009] ——s—+
51 145% 0.13[-0.26; 0.52] H—
84 158% -0.28[-0.65; 0.10] —®
49 139% 0.03[-0.36; 0.43] ——
804 100.0% -0.18[-0.33;-0.03] -
[-0.54; 0.18] —

-1 05 0 05 1

Fig. 6. SMD of baby birth weights in women with PCOS and without PCOS

The Cochran’s Q test could not find evidence of between
study heterogeneity and 12 also suggests the same [y2: P =
0.12, 1= 35%] (Fig. 5).

Neonatal Birth Weight

There were 7 studies which investigated the association
between PCOS in pregnant women and giving a low birth
weight baby. These studies assessed low birth weight baby
in 268 women with PCOS and 804 women without PCOS.
We used the assumption of random effects model and the
pooled results showed that women with PCOS have greater
risk of giving low birth weight babies in comparison to
women without PCOS [SMD: -0.18; 95% CI: [-0.36 to -
0.03].

The Cochran’s Q test could not find evidence of between
study heterogeneity and the value of I also suggests the
same [y2: P = 0.26, I’= 22%] (Fig. 6).

1V. Discussion and Conclusion

In this paper, we did systematic review and meta-analysis to
ascertain association between polycystic ovary syndrome
(PCOS) and adverse pregnancy outcomes. The meta-
analysis reveals that the women with PCOS are at increased
risk of acquiring obstetrics complications such as
gestational diabetes mellitus (GDM), pregnancy-induced
hypertension (PIH) and pre-eclampsia during their
pregnancies. Their babies are also more likely to grow with
neonatal complications e.g. low birth weight.

Though most of the studies show that PCOS has significant
impact on obstetrics complications, some studies e.g.
Wortsman et al.'?, Vollen- hoven et al.*!, Palomba et al.*,
and Yan et al."® contradict some results. For example,
Wortsman et al.”* and Vollenhoven et al.*! reported that
PCOS is not responsible for gestational diabetes mellitus.
Yan et al.® found that there is no significant difference in
the outcome of GDM, PIH, newborn weight of PCOS
patients compared to control. Palomba et al.?* noted that the
increased risk for adverse obstetric and neonatal outcomes
that was observed in patients with PCOS varies widely

according to the different phenotypes and features of
PCOS. The possible reasons behind these contradictions
could be inadequate data, faulty study designs, inadequate
definitions, ethnicity or even erroneous interpretations of
the results.

The extensive literature search and our study confirm that
there are substantial evidences that women with PCOS bear
increased risk of pregnancy complications. To minimize
PCOS related obstetrics complications, we believe that
proper guidelines and medical care are essential for
pregnant women with PCOS with a view to achieving goals
in public health.
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