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Abstract

Background: A higher risk of birth defects in assisted reproductive technologies (ART) pregnancies
compared to natural pregnancies has been previously reported.

Objective: This retrospective study aimed to explore the association of male-factor related infertility
with first-trimester anomalies, aneuploidy, and biochemical markers in infertile patients undergoing ART.

Method: The complete medical records of infertile patients referred to the infertility and prenatal cen-
ters in Ahvaz, Iran during the past five years were assessed, which included ART-induced pregnancies due
to male factors (n=124) and or other infertility causes (n=176).

Results: The most common causes of infertility were respectively the male factor (41.3%), ovulation dis-
orders (26%), and unexplained factors (13.3%). A significant correlation was found between the infertility
causes and the history underlying systemic diseases and medication history (p<0.05). The serum levels of
MoM (-hCG and PAPP-A were significantly lower in the male factor-related infertilities than non-male fac-
tor-related infertilities (p=0.0001). The rate of fetal and placental anomalies was significantly higher in
male factor-related infertilities than non-male factor-related infertilities (p=0.03). However, according to
the results of multivariable logistic regression, association between the male factor-related infertility and
fetal/placental anomalies was not independent of the effects of low levels of MoM (-hCG and PAPP-A.

Conclusion: Causes of infertility, particularly male factor, together with low levels of MoM [-hCG and
PAPP-A, might be associated with the high risk of fetal and placental anomalies in ART pregnancies. How-
ever, further large-scale multi-center and prospective investigations are needed to reach more accurate
conclusion.
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What does this study add to the clinical work?

To date, contradictory results have been reported by a few studies regarding the association between
the congenital anomalies resulting from ART treatments with the male factors-related infertility. Our study
is one of the rare studies indicating that the male causes of infertility as well as low levels of MoM (3-hCG
and PAPP-A might be associated with the high risk of fetal and placental anomalies in ART pregnancies.

Acronyms

ART: Assisted reproductive technology, ICSI: intracytoplasmic sperm injection, IVF: in vitro fertilization,
fB-hCG: free beta-human chorionic gonadotropin, PAPP-A: pregnancy-associated plasma protein-A, NT:
nuchal translucency, BMI: body mass index, MoM: Multiples of the Median for free 3-hCG, PAPP-A

Introduction

Infertility affects at least 180 million couples world-
widel. There are many possible causes of infertility,
which are classified as male factors, female factors, a
combination of male and female factors, or unex-
plained causes?. Also, environmental and lifestyle risk
factors such as environmental pollution, obesity,
smoking, excessive alcohol intake, and psychological
stress have been associated with infertility?.

A great deal of evidence has indicated a high risk
of birth defects such as congenital anomalies in in-
fants conceived by intracytoplasmic sperm injection
(ICSI) and in vitro fertilization (IVF), compared to the
babies born from the natural pregnancy>*. In this re-
gard, the results of the first trimester screening using
biochemical markers [e.g., free beta-human chori-
onic gonadotropin (fB-hCG), pregnancy-associated
plasma protein-A (PAPP-A)] and the measurement
of the fetal nuchal translucency (NT) showed several
variations in the levels of these factors caused by
ART in comparison with the natural pregnancies®®.

The health and lifestyle of parents play important
roles in the increase of congenital malformations in
couples who use ART’. Age, obesity, metabolic dis-
ease, diabetes, and hypertension in mothers are as-
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sociated with congenital malformations in ICSI/IVF
pregnancies®!!. Congenital anomalies such as Down
syndrome and trisomy cause many economic, social,
and cultural problems for couples. Thus, the early de-
tection of anomalies in the first trimester of preg-
nancy and timely termination of pregnancy can
prevent these complications!

Despite several studies on ART-induced pregnan-
cies and birth defects, there is relatively little infor-
mation about the association between the causes of
infertility and ART related birth defects. Accordingly,
this study evaluated the results of the anomaly scan
and the aneuploidy screening tests in the first-
trimester of pregnancy in infertile cases based on in-
fertility-related female/male factors. Aim of this
study was exploring the association of male-factor
related infertility with first-trimester anomalies, ane-
uploidy, and biochemical markers in infertile pa-
tients undergoing ART.

Method

Study design
Data related to our retrospective study were ob-
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tained from the medical records belonging to the pa-
tients who referred to the infertility and prenatal
centers of Ahvaz, IRAN during the past five years and
was approved by Ethics Committee of Ahvaz
Jundishapur University of Medical Sciences, Ahvaz,
Iran with Ethical Code: IR.AJUMS.REC.1398.663.

Patient selection criteria

This study included 326 ART-induced pregnancies
due to male factors and other infertility causes. But
couples who chose the IVF method for gender selec-
tion and those with incomplete documentation were
excluded from the main analysis.

Methods and Variables

All available characteristics of patients including
demographics (age, body mass index [BMI]), gravid-
ity, parity, medical and obstetric histories, NT ultra-
sound, PAPP-A, free B-hCG, results of aneuploidy
screening test (cell-free DNA test), and scan anom-
alies were extracted from their medical records. All
ART-induced pregnancies were classified into two
groups based on infertility-related female /male fac-
tors, including male factor-related infertilities and
non-male factor-related infertilities. The results of
cell-free DNA screening test were evaluated as neg-
ative/low to high-risk and or unidentified popula-
tions to confirm high-risk pregnant women.
Moreover, the results of genetic amniocentesis were
extracted and evaluated. Eventually, the results of
aneuploidy screenings, fetal and/or placental anom-
alies, and biochemical tests in ART-induced pregnan-
cies were compared between two groups.

Outcomes

Distribution of fetal and placental anomalies
based on various causes of infertility were the main
outcomes. Also, changes in biochemical markers
based on various causes of infertility were the sec-
ondary outcomes.

Statistical analysis

The quantitative variables were compared be-
tween two studied groups using a t-test, Mann-Whit-
ney test based on their normality status. The
qualitative variables were evaluated by Chi-square
test. Moreover, univariate and multivariate logistic
regression analyses were used to assessing the asso-
ciation between fetal and placental anomalies with
other variables. P < 0.05 is considered as statistically
significant and the data were analyzed by SPSS ver-
sion 26 (SPSS Inc., Chicago, IlI., USA).

Results

From a total of 326 cases, only 300 patients aged
18-49 years (31.33 + 5.19) with a history of infertil-
ity and ART were included into the study and 26
cases were excluded from analysis due to ineligibility
(Figure 1). All eligible cases were evaluated and di-
vided into two groups according to the cause of in-
fertility, including male factor related infertilities (n=
124) and non-male factor-related infertilities (n=
176). Moreover, male factor related infertilities were
also classified into five subgroups based on male
causes of infertility, including oligozoospermia plus
asthenozoospermia [n=40 (32.3%)], sperm mor-
phology defects or Teratospermia [n=34 (27.4%)],
varicocele [n=31 (25%)], primary testicular defects
[n=13 (10.5%)], and normospermia with functional
defects [n=6 (4.8%)].

Demographics and Obstetric history

There was no significant difference between the
two groups in terms of the mean age, height, weight,
BM]I, and obstetric history [i.e., gravity, parity, abor-
tion, and duration of infertility] (P>0.05). Also, these
demographic and obstetric characteristics did not
differ between infertile groups due to various causes
(P>0.05). But the systemic underlying diseases [i.e.,
thalassemia minor, hypertension, asthma, hypothy-
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roidism, diabetes, kidney disease, epilepsy, and mus-
culoskeletal disorders] were significantly more
prevalent in non-male factor-related infertilities
(68.5 %), compared to male factor group (31.5 %, P:
0.0001, Figures 2). History of the use of specific med-
icines and systemic diseases were significantly cor-
related with the causes of infertility (p= 0.0001,
Table1). Most patients with a history of systemic un-
derlying diseases and/or those who had used special
drugs had infertility caused by the ovulation disor-
ders (37%), male factor (31.5%) and unexplained
factors (13%), respectively.

Hypothyroidism (50 [31.4 %]), thalassemia minor
(28 [17.6 %]) and diabetes (24 [15.1%]) were the
most prevalent underlying diseases in patients, re-
spectively. Levothyroxine was also the most common
medicine used by patients (97 [60 %]). (Table1).

Polyhydramnios was detected in two cases, one in
the male factor group and the other in non-male fac-
tor related infertility group. Also, one case of pyelec-
tasis was identified in the male factor group. No
significant correlation was found between the poly-
hydramnios and/or pyelectasis and the causes of in-
fertility (p>0.05). (Table1).

The most common causes of infertility were re-
spectively the male factor (41.3%), ovulation disor-
ders (26%), unexplained factors (13.3%), uterine
factors (9.7 %), obstruction and adhesion tube in-
juries (8%), and decrease in ovarian reserves (1.7%),
respectively (Figure 3, Table 2).

Association of NT, free 3-hCG, and PAPP-A

with various causes of infertility

No significant difference in NT results has been
found between the male and non-male factor-related
infertilities (p=0.14, Table 1). The mean levels of free
B-hCG and MoM values (Multiples of the Median) for
PAPP-A were lower among the male factor-related in-
fertilities than non-male factor-related infertilities,
but not significantly so (p=0.07). Only the mean levels
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of free PAPP-A and MoM (-hCG were significantly dif-
ferent between the two groups (p=0.0001). (Table1).

On the other hand, comparison of different factors
based on six causes of infertility showed no signifi-
cant association between the various causes of infer-
tility and NT, MoM PAPP-A, and free 3-hCG (p>0.05).
However, MoM B-hCG was at its highest level in the
group with reduced ovarian reserves but at its lowest
level in those with male factor-related infertility
and/or ovulation disorders (p=0.0001). Moreover,
the level of free PAPP-A was at its highest level in the
group with reduced ovarian reserves and tubular in-
juries, obstruction, adhesions but at its lowest level
in those with male factor-related infertility
(p=0.0001). (Table 2).

In another aspect, these variables were compared
based on five male factors of infertility; the results
indicated that there was no significant difference in
the mean levels of NT, free 3-hCG, MoM 3-hCG, PAPP-
A, and MoM PAPP-A between different male causes
of infertility (p>0.05, Table 3).

The length of infertility in two infertility groups,
i.e., the decreased ovarian reserves and/or unex-
plained factors, was significantly longer than other
groups (p=0.0001, Table 2). Whereas, no significant
association was found between the male causes of
infertility and length of infertility (P=0.08, Table 3).

Association of fetal and placental anomalies

with various causes of infertility

A total of 12 cases were diagnosed with fetal and
placental abnormalities in ultrasound, including 11
fetal abnormalities and one placental anomaly
(Twin-to-twin transfusion syndrome) (Table 4). A
significant correlation has been found between the
causes of infertility and fetal anomalies (p=0.03), as
75 % of anomalies were found in the male factor-re-
lated infertility group. Nonetheless, according to the
results of multivariable logistic regression, associa-
tion between the male factor-related infertility and
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Table 1: Demographic and clinical characteristics of the evaluated groups

Variables Male factor-related Non-Male factor-related P-value
nfertility (N=124) infertility (N=176)
Age (mean=SD) 31.44+4.55 32.5545.74 0.28
Weight (mean+SD) 71.11+11.47 69.33+8.1 0.92
Height (mean+SD) 164.22+5.47 161.83+4.69 0.56
BMI (mean+SD) 26.62+3.71 26.45+2.37 0.06
Gravidity (N, frequency) 51 (41.1 %) 87 (49.4 %) 0.1
Parity (N, frequency) 17 (13.7 %) 31 (17.6 %) 0.4
Length of Infertility, years (mean+SD) 4.73+0.96 4.8+ 0.5 0.26
History of underlying systemic disease (N, frequency) 39 (31.5 %) 120 (68.2 %) 0.0001
History of the use of special medicines (N, frequency) 40 (32.2 %) 122 (69.3 %) 0.0001
Abortion (N, frequency) 47 (37.1 %) 81 (46 %) 0.2
NT results (N, frequency): 0.14
Low Risk 92 (74.2%) 146 (83%)
Intermediate Risk 31 (25%) 28 (16%)
High Risk 1(0.8%) 2 (1%)
Free B-hCG, [U/L (mean=SD) 34.84 + 10.87 373+116 0.07
MoM B-hCG (mean+SD) 1.03+ 0.34 1.21+0.4 0.0001%**
PAPP-A (mean+SD) 2.05+0.46 3.01+£0.84 0.0001%**
MoM PAPP-A (mean*SD) 0.97+0.32 1.06+0.43 0.07
Down Syndrome (N, frequency) 0 0 -
Trisomy 13 (N, frequency) 1 0 0.24
Trisomy 18 (N, frequency) 0 (0.0%) 0 (0.0%) 0.41
Cell Free DNA (N, frequency): 0.47
Low Risk 57 (46 %) 75 (42.6 %)
Intermediate Risk 0 (0.0%) 1(0.57 %)
High Risk 1 (0.8 %) 0 (0%)
Polyhydramnios 1 (0.8 %) 1(0.57 %) >0.9
Pyelectasis 1 (0.8 %) 0 0.24
Anomaly scan (N, frequency) 9 (7.3 %) 3(1.7 %) 0.03*

BMI: body mass index, NT: nuchal translucency, PAPP-A: Pregnancy-associated plasma protein-A, MoM: multiples of the median for

free 3-hCG and PAPP-A

fetal/placental anomalies was not independent of
the effects of low levels of free PAPP-A and MoM
B-hCG (p >0.05, Table 5). This implies that male-fac-
tor-related infertility was not an independent risk
factor for inducing fetal/paired abnormalities, but it
may increase the risk of fetal/paired abnormalities
in cooperation with other factors like low levels of
free PAPP-A and MoM B-hCG.

Chromosomal abnormalities
The results of nuchal translucency test indicated

that seven patients from the non-male factor-related
infertile group with the mean NT thickness of 1.84
and five patients from the male factor-related infer-
tile group with the mean NT of 1.76 were suspected
of having Down syndrome. Also, one case in the male
factor group was suspected of having Patau syn-
drome or trisomy 13. (NT: 1.50). Subsequently, these
patients were more inspected through amniocente-
sis as confirmation test; only one case of trisomy 13
was confirmed in the male factor-related infertile

group.
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Table 2. Comparison of different factors by causes of infertility.

Cause of IVF Meanz SD

Frequency NT (mm) Free MoM PAPP-A MoM Length

(%) B-hCG B-hCG PAPP-A of infertility

Male factor 124 (41.3) 1.65+0.35 34.84+ 269 1.03+0.34 2.05%0.46 0.97+0.32 4.73+ 0.96
Decreased ovarian reserves 5 (1.7) 1.7+ 0.36 41+10.3 1.72£0.22 4.16x0.87 1.32+ 0.45 5+0.83
Ovulation disorders 78 (26) 1.65+0.35 36.95+12.12 1.01x0.31 2.86+0.57 0.99+ 0.4 3.85+0.26
Tubular injuries,
obstruction, adhesions 24 (8) 1.67+0.33 37.66+ 8.5 1.49+£0.22 4.07+1.08 1.17+0.47 4.55+0.71
Uterine factors 29 (9.7) 1.6+ 0.36 36+9.61 1.25£0.25 2.92+0.54 1.14+ 0.43 3.92+0.47
Unexplained factors 40 (13.3) 1.59+ 0.36 38+ 14.05 1.35£0.26  2.58+0.64 1.05+ 0.43 6.67+0.7
P-Value 0.95 0.48 0.0001 0.0001 0.06 0.0001

NT: nuchal translucency, PAPP-A: Pregnancy-associated plasma protein-A, MoM: multiples of the median for free 3-hCG and PAPP-A

Discussion

Diagnosing the cause of infertility is the first step of
investigation and treatment for infertile couples. Ac-
cording to recent reports, infertility due to the "male
factor" is responsible for most infertility cases 3%,
which was also confirmed by our findings. The male
factor-related infertility (41.3%) was the most preva-
lent causes of infertility among our patients under-
went ART, followed by ovulation disorders (26%) and
unexplained factors (13.3%).

Most of the fetal and placental abnormalities de-
tected in our study population belonged to infertility
caused by male factors. To date, contradictory results
have been reported in this regard. Kissin et al. did not
find any significant association between the congen-
ital anomalies resulting from ART or ICSI treatments

with the male factors-related infertility. They re-
ported that male-induced infertility could not be the
main cause of the increased risk of autism due to
ART'® By contrast, Sandin et al.'s prospective cohort
study on more than 2.5 million infants showed the
significant role of male factor-related infertility in de-
veloping neurodevelopmental disorders (autism and
mental retardation)'”. Our results indicated a prob-
able association between the male factor-related in-
fertility and high risk of developing fetal and
placental anomalies. However, its association was
not independent of the low levels of 3-hCG and PAPP-
A factors, implying that these risk factors may to-
gether affect the fetal growth.

The present findings showed that the serum levels
of B-hCG and PAPP-A were lower in the male factor-
related infertilities than non-male factor-related in-

Table 3. Comparison of different factors by Male factors related to infertility.

Male factors related Frequency NT (mm)

to infertility (%)

Oligozoospermia & 40 (32.3) 1.65+0.36

Asthenozoospermia

Varicocele 31 (25) 1.66+0.35

Sperm morphology 34 (27.4) 1.65+0.37

defects (Teratospermia)

Primary testicular defects 13(10.5) 1.64+0.47

Normospermia with 6 (4.8) 1.65+0.51

functional defects

P-Value 0.9
165

Free MoM PAPP-A MoM Length of
B-hCG B-hCG PAPP-A infertility
34.79+27.7  1.1+0.9 2.0+0.56 1.1+x0.4 44+1.3
36.65¥27.9  1x0.27 1.5+0.3 0.9+0.35 5.1+x0.9
34.98+25.8 1.1+0.17 2.2+0.77 1+0.34 4.6+1
32.11+30.2 0.92+0.21  1.9+0.42 0.8+0.31 5+1.2
31+22.5 0.7+0.15 1.5+0.26 0.8+0.23 5.3+0.5
0.98 0.77 0.74 0.1 0.08
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I Patients undergoing ART who were assessed for eligibility (n= 326)

Excluded patients (total number=26) due to
choosing the IVF method for gender selection
(n=10) and incomplete documentation (n=16)

Selected eligible patients who were underwent ART due to infertility and
had only single and compl ions (n=300)

Eligible patients who were divided into two
groups based on causes of infertility

Patients whose infertility was

Patients whose infertility was " "
associated with non-male factors

associated with the male factors
(n=124) (n=176)

Patients whose data were fully Patients whose data were fully
analyzed (n=124) analyzed (n= 176)

Figure 1. Flowchart of patients’ selection.

fertility, and this difference was particularly signifi-
cant for free PAPP-A and MoM (3-hCG. Previously, An-
ckaert et al. reported that PAPP-A levels decreased
in infertile women after treatment with ART, partic-
ularly among male factors-related infertility, com-
pared to the spontaneous pregnancies. In addition,

the serum free B-hCG levels at 11-14 weeks of gesta-
tion were significantly increased in ART pregnancies
due to non-male infertility factors compared to other
causes of infertility?®.

Amor et al,, indicated that the decreased levels of
PAPP-A in ART pregnancy were not associated with
the etiology of infertility, and the elevated levels of
BhCG were significantly associated with non-male
factor-related infertility (5), which were in contrast
to our results. Such an inconsistency in the results of
various studies may be due to differences in ART
methods and/or patients' racial /genetic differences,
which warrants further large-scale investigations
through multi-center clinical trials.

The present results showed that the rates of sys-
temic underlying diseases and medication history
were higher in infertilities related to non-male fac-
tors, which are consistent with data from recent
studies that supported such an association between
systemic diseases and the causes of infertility'%-21,
The present study showed no significant association
between the cause of infertility and a series of demo-
graphic and clinical variables. By contrast, previous
finding demonstrated that the risk of birth defects in
the infertile women under ART treatment was higher
among younger women (< 29); but its risk in chil-
dren born from the fertile population was higher

Table 4. Distribution of fetal and placental anomalies based on various causes of infertility.

Fetal anomalies Frequency
Microcephaly 1
Anencephaly

Twin-to-twin transfusion syndrome
Hydrops fetalis

Congenital heart defects

Unilateral renal agenesis
Hydronephrosis

Duodenal Atresia

Macrocephaly

- e N s = T =N N}

Hydronephrosis
Absence of finger 1

Cause of infertility NT MoM B-hCG MoM PAPP-A
Male Factor 1.5 0.24 0.6
Male Factor 1.56 0.58+0.24 0.65+ 0.07
Male Factor 0 0.7 0.3
Male Factor 1.2 0 0
Male Factor 1.6 33 0.4
Male Factor 1.3 1.2 0.4

Ovulation disorders 0 0.5 0.4
Male Factor 1.7 0.4 0.7

Unexplained factors 2.1 0.6 0.5
Male Factor 1.4 1.1 0.5

Ovulation disorders 2.6 1.2 0.5

NT: nuchal translucency, PAPP-A: Pregnancy-associated plasma protein-A, MoM: multiples of the median for free 3-hCG and PAPP-A
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underlying diseases %

Frequency of history of

Figure 2. Comparison of the frequency of underlying sys-
temic diseases based on the different causes of infertility

among mothers with older maternal age?2. Addition-
ally, Davies et al. found that maternal age more than
35 years was associated with a lower risk of congen-
ital defects following ART?.

The most common male causes of infertility in our
study population were respectively oligozoospermia
plus asthenozoospermia (32.3%), sperm morphol-

ogy defects or Teratospermia (27.4%), varicocele
(25%), primary testicular defects (10.5%), and nor-
mospermia with functional defects (4.8%). Oztekin
et al (2019) evaluated abnormal sperm parameters
in 406 infertility cases and reported that astheno-
zoospermia was the most common cause of male in-
fertility (16.7%) and most severe varicocele cases
were in this group?. Our findings confirmed Oztekin
et al.'s results. However, no significant association
was found between different male causes of infertil-
ity and the levels of NT, free 3-hCG, MoM (-hCQG,
PAPP-A, and MoM PAPP-A in our study population.
This point was one of our novel findings. The most
common identified causes of reduced sperm motility
or asthenozoospermia are sperm dysfunction, pro-
longed sexual abstinence, varicocele, genital tract in-
fections, genetic factors, and deleterious lifestyle 4.
Male infertility related to varicocele has been re-
ported as high as 42.7% in Iran?%; the high concen-
trations of adrenal cortical hormones in refluxing
blood may lead to arteriolar vasoconstriction and
testicular hypoxia, which in turn damage the semi-
niferous epithelium 2,

The present study is one of rare studies that com-
prehensively investigated first-trimester anomalies,
aneuploidy, and biochemical markers in infertile pa-
tients undergoing ART based on infertility-related fe-
male/male factors. However, this study has some
limitations. First, its retrospective nature makes the
results prone to bias and confounding. Second, the

Table 5. Association of fetal and placental anomalies with male factor-related infertility by considering

other probable related factors.

Variables Univariate logistic regression Multivariable logistic regression
B OR (95% CI) P Value B OR (95% CI) P Value

History of underlying systemic disease 0.6 1.81 (0.53_6) 0.34 _ N _
MoM PAPP-A -422  67.86(13.48.341.48) 0.0001 0.47 1.6 (0.0001) 1
PAPP-A -7.27  1435(119.95.1717.93) 0.0001 -21.57  0.0001 (0.0001) 0.99
Free BhCG -6.6 715 (91.23.5603.66)  0.0001 -21.05  0.0001 (0.0001) 0.99
MoM BhCG -7.27  1435(119.95.1717.93) 0.0001 -0.5 0.61(0.021_.17.9)  0.77
Male factor-related infertility 1.5 4.5(1.19_17.03) 0.02 0.02 1.02 (0.0001) 1

NT: nuchal translucency, PAPP-A: Pregnancy-associated plasma protein-A, MoM: multiples of the median for free 3-hCG and PAPP-A
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Decreased ovarian reserves

/ 17%

Tubular injuries, 8%
obstruction, adhesions

Uterine factors

Different causes of infertility

Figure 3. Frequency of different causes of infertility in the
study population.

small sample size of patients with fetal abnormalities
limits coming to a definitive conclusion. Further-
more, the single-center nature of study limits gener-
alizing the results.

In conclusion, our findings indicated that the
causes of infertility, particularly male factor, in col-
laboration with the low levels of free PAPP-A and
MoM B-hCG may increase the risk of developing fetal
and placental anomalies following ART treatment.
Accordingly, healthy lifestyle factors, e.g., body
weight, diet, male reproductive health, etc. are rec-
ommended to be considered for preventing or reduc-
ing the male infertility problems. Nevertheless,
further large-scale multi-center and prospective re-
searches are needed to precisely identify various fac-
tors affecting congenital defects following ART.
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