
Does the etiology of infertility have any effect on
perinatal outcomes? 

Songül Alemdaro¤lu1 , Gülflen Do¤an Durda¤1 , fiafak Y›lmaz Baran1 , Tayfun Çok1 ,İDİDİDİD

Erhan fiimflek1 , Esra Bulgan K›l›çda¤1 , Ebru Tar›m2

1Department of Obstetrics & Gynecology, Baflkent University School of Medicine Adana Dr. Turgut Noyan Teaching and Medical Research Center, Adana, Turkey 
2Ebru Tar›m Obstetrics and Gynecology Clinic, Adana, Turkey

İDİDİD

Özet: ‹nfertilite etiyolojisinin perinatal sonuçlar
üzerinde bir etkisi var m›d›r?
Amaç: ‹n vitro fertilizasyon (IVF) sonras› gebelikler, çeflitli çal›fl-
malarda tutarl› flekilde gösterildi¤i üzere do¤al konsepsiyona k›-
yasla daha az olumlu sonuç ile iliflkilidir. Ancak bu sorunun ard›n-
daki etiyolojik faktörler henüz aç›klanamam›flt›r. Çal›flmam›zda,
infertilite etiyolojisinin IVF gebeliklerdeki kötü gebelik sonuçlar›
üzerinde bir rolü olup olmad›¤›n› göstermeyi amaçlad›k. 

Yöntem: Bu retrospektif olgu kontrol çal›flmas›nda IVF ve spon-
tane tekil gebelikler incelendi. ‹nfertil hastalar, infertilite etiyolo-
jisine göre alt› gruba ayr›ld› (anovülasyon, erkek faktörü, tubal fak-
tör, endometriyoz, aç›klanamayan infertilite ve düflük over rezer-
vi). Preeklampsi, gestasyonel diabetes mellitus, gebeli¤in intrahe-
patik kolestaz›, preterm do¤um ve do¤um a¤›rl›¤› uyuflmazl›klar›-
n›n insidans› gruplar ve alt gruplar aras›nda incelendi. Her inferti-
lite alt grubu için demografik veriler, transferde embriyo aflamas›
(blastokiste karfl› klevaj aflamas›) ve taze dondurulmufl embriyo
transfer durumu gibi kar›fl›kl›¤a neden olan de¤iflkenler düzeltil-
dikten sonra, multinomiyal lojistik regresyon analizi kullan›larak
gebelik sonuçlar› üzerindeki etki araflt›r›ld›. 

Bulgular: Çal›flmaya IVF grubunda 934 hasta ve kontrol grubun-
da 1009 hasta dahil edildi. Advers gebelik sonuçlar› kontrol grubu-
na k›yasla genel infertilite grubunda daha s›kken, kar›flt›r›c› de¤ifl-
kenlerin ç›kar›lmas› sonras›nda infertilite etiyolojisinin bu sonuç-
lar üzerindeki do¤rudan etkisi gösterilememifltir. 

Sonuç: IVF gebeliklerde, artm›fl kötü gebelik sonucu risklerinin
ço¤unun maternal özelliklerle (örne¤in yafl ve vücut kitle indeksi)
ve infertilite etiyolojisinden ziyade tedavi protokolleriyle aç›klana-
bildi¤i görülmektedir. Hekimler hastalara dan›flmanl›k verirken bu
riskleri dikkate almal›d›r. 

Anahtar sözcükler: IVF gebelikler, infertilite etiyolojisi, gebelik so-
nuçlar, tekil.
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Abstract

Objective: Pregnancies after in vitro fertilization (IVF) are associat-
ed with a less favorable outcome compared to natural conception as
consistently shown in various studies. However, etiologic factors
behind this issue remain to be elucidated. We aimed to demonstrate
whether the etiology of infertility has a role on poor pregnancy out-
comes in IVF pregnancies. 

Methods: In this retrospective case control study; IVF and sponta-
neous singleton pregnancies were investigated. The infertile patients
were divided into six groups according to the etiology of their infer-
tility (anovulation, male factor, tubal factor, endometriosis, unex-
plained infertility and poor ovarian reserve). The incidence of
preeclampsia, gestational diabetes mellitus, intrahepatic cholestasis of
pregnancy, preterm birth and birth weight discrepancies was exam-
ined between the groups and subgroups. After adjusting the con-
founding variables for each infertility subgroup such as demographic
data, embryo stage in transfer (blastocyst against cleavage stage) and
fresh and frozen embryo transfer status, the effect on pregnancy out-
comes was investigated using multinomial logistic regression analysis. 

Results: The study included 934 patients in the IVF group and 1009
patients in the control group. While adverse pregnancy outcomes
were more frequent in the general infertility group in comparison to
the control group, after elimination of the confounding variables, the
direct effect of the etiology of infertility on these outcomes could not
be shown. 

Conclusion: In the IVF pregnancies, most of the increased risk of poor
pregnancy outcomes appeared to be explained by maternal characteris-
tics (such as age, body mass index) and by treatment protocols rather
than infertility etiology. Physicians should consider these risks while
counselling patients. 

Keywords: IVF pregnancies, infertility etiology, pregnancy out-
comes, singletons.
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Introduction
As expected, the number of patients receiving in vitro
fertilization (IVF) treatment increased significantly
over the years between 1997 and 2016 (5.3-fold in
Europe, 4.6-fold in the USA and 3.0-fold in Australia
and New Zealand).[1] Although IVF is shown as a safe
method, population-based studies denote unfavorable
pregnancy outcomes in IVF pregnancies (in compari-
son to women with indicators of subfertility but with-
out assisted reproductive technologies and fertile
women with singleton pregnancies) such as preeclamp-
sia, small for gestational age (SGA), low birth weight,
congenital anomaly and gestational diabetes mellitus
(GDM).[2,3] The mechanisms of adverse pregnancy out-
comes are uncertain. Advanced maternal age,[4]

increased body mass index,[5] underlying infertility eti-
ology,[6] treatment protocols,[7] fresh or frozen transfer
of embryo[8] and the day of embryo transfer[9] are con-
sidered to be among etiological reasons for adverse
pregnancy outcomes. The effect of infertility on preg-
nancy outcomes is indisputable, but the results among
infertility etiologies are still not clear.

We aimed to analyze and compare the pregnancy
outcomes of IVF and spontaneous conceptions, based on
infertility etiologies which included anovulation,
endometriosis, tubal factor, poor ovarian reserve, unex-
plained infertility and male factor. The analyzed adverse
pregnancy outcomes were preterm delivery (PTD) (<34
weeks; <37 weeks), preeclampsia, GDM and intrahepatic
cholestasis of pregnancy (ICP).

Methods
This study is a retrospective case control study, which
included couples who were not able to achieve pregnan-
cy by unprotected sexual intercourse for at least 6
months after the age of 35 and at least 1 year before the
age of 35. A retrospective analysis of 990 consecutive
IVF patients who visited the infertility clinic at our uni-
versity hospital between January 2003 and December
2011 was performed. The infertile couples were classi-
fied under six subgroups according to the etiology of
their infertility: (1) tubal factor: no observation of tubal
transition in hysterosalpingography (partial or complete,
uni-bilateral); (2) anovulation: defined by the modified
Rotterdam criteria;[10] (3) male factor: 2 or more abnor-
mal semen analysis findings according to the World

Health Organization (WHO) criteria;[11] (4) unexplained
infertility: normal semen analysis, normal tubal transi-
tion in hysterosalpingography (HSG), normal ovarian
reserve (normal regular menstrual cycle in addition to 4
or more antral follicles in at least 1 ovary) according to
the WHO criteria;[12] (5) poor ovarian reserve (POR):
defined by the Bologna criteria;[13] (6) endometriosis:
observation of endometrioma in ovaries in transvaginal
ultrasonography during pelvic examination, detection of
endometriosis findings in the patient with chronic pelvic
pain or demonstration of the presence of endometriosis
in laparoscopic examination.

The fresh-frozen embryo transfer status and 3rd–5th
day transfer status of these patients were examined from
the system records. Since only ICSI was applied at the
clinic where the study was carried out, all IVF pregnan-
cies were evaluated in one technique group.

For the control group, the files and records of sin-
gleton pregnancies were randomly (with a double-digit
file number from the most recent to the most distant
date) selected from 10,548 patients whose entire antena-
tal follow ups and births took place at our center in the
same period. In order to prevent selection bias, we have
taken time interval instead of matched controls.
Confounding factors were aimed to be eliminated by
large number of cases presented in the control group.

All multiple pregnancies (including vanishing twins),
patients with chronic diseases such as chronic hyperten-
sion, chronic renal diseases, diabetes mellitus and chron-
ic inflammatory diseases and those with poor obstetric
history such as recurrent pregnancy loss, preterm birth
and preeclampsia, oocyte donation pregnancies were
excluded from the control and IVF groups. Patients with
2 or more reported infertility etiologies were excluded
from the IVF group. 

For all patients in the IVF and control groups, moth-
er’s age, body mass index at the onset of pregnancy
(kg/m2), smoking status, week of pregnancy at birth (cal-
culated based on the first day of the last menstrual cycle)
and birth weight (grams) of the baby were assessed.

Pregnancy outcomes included PTD (all deliveries
under 37 weeks; patients under 34 weeks were evaluated
as a separate group), ICP (diffuse body pruritus and
increased serum bile acids), SGA (fetus with birth weight
less than the 10th percentile for gestational age),
preeclampsia (blood pressure levels ≥140/90 mmHg on
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two measurements at least 6-h apart with proteinuria
≥0.3 g/day after 20 weeks of gestation) and GDM diag-
nosed according to the protocol of the American
Diabetic Association.[14]

Firstly, the patient characteristics and pregnancy out-
comes of the spontaneous conception group was com-
pared to the entire infertility group. Afterwards, the sub-
groups were compared to the control group one by one.
To investigate the direct effect of infertility etiology on
pregnancy outcomes, the unadjusted odds ratio and
adjusted odds ratio were calculated. While the unadjust-
ed odds ratio questioned the direct effect of infertility
etiology on pregnancy outcomes, in the adjusted odds
ratio, adjustment was made based on the mother’s age,
BMI, day of transfer and frozen-fresh embryo transfer
status, and the sole risk ratio of infertility etiology for
pregnancy outcomes was calculated. The unadjusted
odds ratio and adjusted odds ratio were created by a mul-
tiple imputation model.

This study was approved by the Ethics Committee
for Clinical Investigations of the University (project no:
KA 12-212). The statistical analysis of the data were
conducted using the IBM SPSS Statistics Version 20.0
(IBM Corp. released 2011. IBM SPSS Statistics for
Windows, Version 20.0. Armonk, NY, USA) package
software. The post hoc power analysis of the control
group was conducted on the website www.clincalc.com
with an alpha value of 0.05. The categorical measure-
ments are summarized as frequency and percentage,
while the numerical ones are summarized as mean and

standard deviation. If the continuous variables were nor-
mally distributed, they are described as mean ± standard
deviation, and if the continuous variables were not nor-
mally distributed, they are described as the median val-
ues. The normality tests were conducted using graphs
such as histogram, P-P plot and Q-Q plot. The chi-
squared test statistics were used for the intergroup com-
parisons of the categorical measurements. Independent-
samples t-test was used to compare the birth weight
between the control and infertility groups. In the gener-
al comparison of the birth weight between the control
and infertility groups, one-way analysis of variance
(ANOVA) and post hoc Games-Howell test were used.
In the calculation of the risk coefficients of various char-
acteristics such as pregnancy complications for the infer-
tility groups in comparison to the control group, multi-
nomial logistic regression analysis was used. In all tests,
the statistical significance level was taken as p<0.05.

Results
Patients meeting all criteria, 1009 (51.9%) in the control
group and 934 (48.1%) in the IVF group, were included
in the study. 56 infertile patients who did not meet the
criteria were excluded from the IVF group. The mean
maternal age in the control group was 29.9±4.7, while it
was 30.9±4.8 in the IVF group (p<0.001). The mean
BMI values of the two groups were 25.2±3.9 kg/m2 and
25.8±4.2 kg/m2 (p=0.004), respectively (Table 1). When
the control group and the IVF group (as a single group)
were compared in terms of the pregnancy outcomes, the

Table 1. Comparison of the demographic characteristics, pregnancy outcomes and birth weight of control and IVF groups. 

Control (n=1009) IVF (n=934) p-value Post hoc power 

Maternal age* 29.9±4.7 30.9±4.8 <0.001 %99.6

BMI* 25.2±3.9 25.8±4.2 0.004 %90.2

Smoking– n (%) 5% 5.2% 0.903 -

GDM 68 (7%) 223 (24%) <0.001 %100

Preeclampsia 23 (2%) 61 (7%) <0.001 %100

SGA 54 (5%) 80 (9%) 0.005 %93.3

ICP 11 (1.1%) 8 (0.9%) 0.601 -

Preterm<34 25 (3%) 46 (5%) 0.004 %61.6

Preterm<37 93 (9%) 163 (18%) <0.001 %100

Birth weight 3278±536 3115±602 <0.001 %100

*Mean±SD.
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IVF group was found to have higher rates of GDM
(control vs IVF, 7% vs 24%, p<0.001), preeclampsia
(control vs IVF, 2% vs 7%; p<0.001), SGA (control vs
IVF; 5% vs 9%, p=0.005) and PTD (<37 weeks; control
vs IVF, 9% vs 18%; p<0.001, <34 weeks; control vs IVF,
3% vs 5%, p=0.004) than the control group. The
weights of the newborns of the women in the IVF group
were lower in comparison to the control group (control
vs IVF, 3278±536 vs 3115±602, p<0.001). There was no
significant difference between the control and IVF
group in terms of the ICP rates (p=0.602) (Table 1).
The post hoc power analysis results are presented in
Table 1.

Distribution of the 934 patients in the IVF group
into the subgroups was as follows: unexplained infertili-
ty: n=278 (29.8%), endometriosis: n=20 (2.1%), POR:
n=48 (4.8%), male factor: n=428 (45.8%), tubal factor:
n=75 (8%), and anovulation: n=85 (9.1%). The demo-
graphic data of the subgroups including maternal age,
BMI and smoking status are shown in Table 2. While
the maternal age was the highest in the POR group
(35.9±4.5, p<0.001), the highest BMI value was in the
anovulation group (27.6±4.8 kg/m2, p<0.001). Smoking
status was similar among all subgroups. 

The incidences of GDM and preeclampsia were
found to be significantly higher when the IVF sub-
groups were compared to the control group one by one
(p<0.001). There was no significant difference between
the control group and all subgroups of IVF in terms of

the SGA and ICP rates (Table 2). There was no signif-
icant difference among the subgroups in terms of PTD
under 34 weeks. However, there was a significant differ-
ence in the anovulation and tubal factor groups in com-
parison to the control group in terms of PTD under 37
weeks (Table 2). The birth weight was significantly
lower in the male factor and anovulation groups than the
control group (p<0.001), while there was no significant
difference between the other subgroups and the control
group (Table 2).

Regarding the unadjusted odds ratio, which ques-
tioned the effects of infertility etiology on pregnancy
outcomes, an increased risk was detected in the anovula-
tion subgroup only in terms of preeclampsia (OR: 2.38
[1.19–4.76]). The data were further analyzed after the
regression of significant confounding factors such as
mother’s age, BMI, day of transfer and frozen-fresh
embryo transfer status (adjusted odds ratio). There was
a significant difference in the male factor group (OR:
1.48 [1.05–2.07]). No additional effects of the subgroups
on pregnancy outcomes were observed in the unadjust-
ed odds ratio or the adjusted odds ratio (Table 3).

Discussion
In this study, we categorized IVF patients into six sub-
groups to investigate the effects of different infertility eti-
ologies on pregnancy outcomes of IVF pregnancies.
After adjusted with mother’s age, BMI, day of transfer

Table 2. Comparison of the demographic characteristics, pregnancy outcomes and birth weight of the control group and IVF subgroups.

IVF group (n=934)

Control Unexplained Endometriosis POR Male factor Tubal factor Anovulation
(n=1009) (n=278) (n=20) (n=48) (n=428) (n=75) (n=85) p-value 

Maternal age* 29.9±4.7 31.2±4.6 31.6±3.8 35.9±4.5 30.2±4.8 30.8±4.5 30.5±4.3 <0.001

BMI* 25.3±4.0 25.5±4.2 25.5±4.1 26.1±3.9 25.6±4.2 26.3±3.9 27.6±4.8 <0.001

Smoking– n (%) 28 (5%) 22 (8%) NA 3 (7%) 16 (4%) 2 (3%) 4 (5%) 0.144

GDM 68 (7%) 59 (21%) 3 (15%) 17 (35%) 107(25%) 20 (27%) 17 (20%) <0.001

Preeclampsia 23 (2%) 22 (8%) NA 2 (4%) 21 (5%) 5 (7%) 11 (13%) <0.001

SGA 54 (5%) 22 (8%) 1 (5%) 2 (4%) 37 (9%) 10 (13%) 8 (9%) 0.053

ICP 11 (1%) 4 (2%) NA 1 (2%) 2 (0.5%) 1 (1%) NA 0.589

Preterm<34 25 (3%) 11 (4%) 1 (5%) 1 (2%) 22 (5%) 5 (7%) 5 (7%) 0.083

Preterm<37 93 (9%) 38 (14%) 2 (10%) 9 (19%) 78 (18%) 16 (21%) 20 (24%) <0.001

Birth weight 3278±536 3140±572 3285±470 3152±591 3092±595 3114±722 3087±660 <0.001

*Mean±SD.
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and frozen-fresh embryo transfer status; the results of
our study suggested that most of the increased pregnan-
cy risk in infertile patients may be explained by maternal
characteristics and the effects of assisted reproductive
techniques rather than underlying conditions causing
infertility.

Many etiological factors for adverse pregnancy out-
comes have been investigated, but major etiological and
pathological mechanisms which might cause unfavorable
pregnancy outcomes have not been uncovered yet.[15] In
the anovulation group, the BMI was found to be a signif-
icant determinant of preeclampsia based on the unad-
justed OR [95% CI]: 2.38 [1.19–4.76], while this differ-
ence was absent in terms of the adjusted odds ratio. In
the male factor group, the total effect on GDM in terms
of the adjusted odds ratio was determined as modestly
higher (95% CI: 1.48 [1.05–2.07]), which was an unex-
pected result in our study. In the literature, Tobias et al.
reported similar findings, and they suggested that more
scans are made among couples experiencing infertility
problems.[16] Mechanisms that may disrupt the success of
pregnancy such as inflammatory pathways, hormonal
anomalies, decidual aging and vascular anomalies may
contribute to these outcomes.[17] Higher determination
of the incidence of preeclampsia and GDM in all IVF
subgroups in comparison to the control group suggested
that hormonal/metabolic disorders may have a role in
the etiology of all IVF pregnancies in accordance with
the hypothesis of Vannuccini et al.[17] Moreover, the asso-
ciation of increased BMI, maternal age and smoking
with maternal and obstetric risks is known.[4,5,18]

Additionally, cleavage stage embryo (3rd day) and
blastocyst (5th day) transfers result in different pregnancy
outcomes.[9] While the potential effects of the embryo cul-
ture are reduced by placing the cleavage stage embryo
into the uterine cavity at its physiological time in 3rd-day
transfer, 5th-day blastocyst transfer provides time for
healthy embryo selection. The effects of fresh and frozen
embryo transfer on pregnancy outcomes were investigat-
ed in the meta-analysis of Maheshwari et al. including 26
studies, and accordingly, PTD and low birth weight rates
were lower in frozen embryo transfer, whereas higher
rates of pregnancy-related hypertensive diseases were
found.[8] Different results are encountered in the literature
based on adjusted etiological factors for various character-
istics such as maternal features and treatment protocols.

In a study which compared unexplained infertility
and the male factor, after adjusting for patients’ age, Ta
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BMI and smoking status, there was no difference
between the two groups in terms of GDM, preeclampsia
or PTD.[19] In the study of Thomson et al., increased
preeclampsia/eclampsia, abruptio placenta, placenta pre-
via and low birth weight rates were determined in the
infertile group including 4221 patients in comparison to
the general population, and when the patients in the
infertile group were examined based on their etiologies
(anovulation (24%), endometriosis (3%), tubal problems
(12%), unexplained infertility (19%) and male factor
infertility (34%), no difference was found in their obstet-
ric and neonatal outcomes.[20] Messerlian et al., who
investigated the effects of 6 different infertility etiologies
on PTD, found that uterine anomalies including
myomas, adhesions and malformations were the only
potential cause to be directly related to PTD risk, but
the statistical significance of the result was on the limit.[21]

Among studies that investigated separate effects of infer-
tility etiologies on pregnancy outcomes, Stern et al. eval-
uated 235,985 ART cycles in 145,660 infertile women,
and as in our study, no difference was found regarding
birth weights and pregnancy durations among patients
with endometriosis, male factor infertility, low ovarian
reserve, unexplained infertility and anovulation.[22]

Hayashi et al. compared ART techniques (ovulation
stimulation medications n=4111; IUI n= 2351 and IVF-
ET n=4570) to spontaneous pregnancies, and higher
rates of PTD and low birth weight were observed in
infertile patients independently of the ART technique.[23]

Studies on sub-fertile women have shown that patients
are exposed to pregnancy risks even without receiving
any treatment.[24,25] While such studies suggest that infer-
tility-related maternal factors, rather than the ART pro-
cedures themselves, may contribute to negative out-
comes, studies that report increased risk for poor preg-
nancy outcomes for an ART singleton in comparison to
a non-ART sibling in sub-fertile singleton pregnancies
demonstrate the effects of ART.[26,27] Likewise, pregnan-
cies in surrogate mothers showed similar risk factors, and
determination of shorter pregnancy duration (38.8±2.1
vs 39.7±1.4), higher rates of PTD (10.7% vs 3.1%),
GDM, preeclampsia and low birth weights (7.8% vs
2.4%) demonstrated that infertility treatment may
potentially affect pregnancy outcomes despite a healthy
uterine environment.[28]

Too many confounding factors prevent drawing a
strict conclusion on pregnancy outcomes in infertile
patients. It could be only possible to understand poor

obstetric outcomes after determining the pathological
mechanisms of infertility. Although we studied the effects
of infertility etiologies, there are many more factors relat-
ed to the embryo and its implantation process. Studies
proposing mechanisms on these factors have focused on
changes in endometrial receptivity, genetic and epigenet-
ic mechanisms of implantation, trophoblastic invasion
and growth, in addition to the biological effects on the
oocyte or embryo such as embryo culture media, PGD
(preimplantation genetic diagnosis), cryopreservation
technique and transfer day, as well as hormonal changes
induced by ovarian hyperstimulation.[7,29–31]

This study included single referral IVF center
patients. Strict inclusion criteria were applied, and a ran-
dom control group was chosen. A major limitation of
this study was its retrospective nature with inherent con-
founding variables affecting perinatal outcomes. The
infertility etiology groups might not have contained a
sufficient number of patients to detect small differences
in pregnancy outcomes like ICP, and power analysis was
conducted through post hoc analysis.

Conclusion
It is highly difficult to determine the specific etiology
and scope of pregnancy risks in IVF pregnancies. Each
cause and specific characteristic may play an independ-
ent and important role. With existing studies, it is not
possible to completely explain the effects and place of
maternal characteristics, infertility etiology and treat-
ment protocols in pregnancy outcomes. Therefore, fur-
ther epidemiological and basic research is needed.
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