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Possible Mechanisms for The Effects of Calcium 
Deficiency on Male Infertility
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Abstract 

Calcium (Ca) is a significant element that acts as an intracellular second messenger. It is necessary for many physi-
ological processes in spermatozoa including spermatogenesis, sperm motility, capacitation, acrosome reaction and 
fertilization. Although influences of Ca deficiency on sperm function and male infertility have been widely studied, 
mechanisms for these abnormalities are not well considered. Poor sperm motility, impairment of chemotaxis, capaci-
tation, acrosome reaction and steroidogenesis are the major mechanisms by which Ca deficiency induces male infertil-
ity. Therefore, an optimal seminal Ca concentration is required to strengthen sperm function and all steps leading to 
successful fertilization. Furthermore, identification of these mechanisms provides valuable information regarding the 
mechanisms of Ca deficiency on male reproductive system and the way for developing a better clinical approach. In 
this review, we aim to discuss the proposed cellular and molecular mechanisms of Ca deficiency on male reproductive 
system, sperm function and male fertility. Also we will discuss the valuable information currently available for the 
roles of Ca in male reproduction. 
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Introduction 
According to World Health Organization (WHO), infer-

tility refers to the biological inability of an individual to 
achieve pregnancy following at least 12 month of unpro-
tected intercourse (1). It has been estimated that approxi-
mately 15% of couples face some form of infertility (2, 
3) and among them, male factor infertility plays a role in 
nearly 30-50% of all infertile couples (4). Many studies 
have reported that different factors including: varicocele, 
testicular failure, testicular cancer, endocrinal disorders, 
hormonal disturbances, genital tract infection, ejaculatory 
disorders, immunological factors, prolonged exposure to 
heat, obesity, older age, tobacco smoking, alcohol con-
sumption, pesticides, the effect of radiation and magnetic 
waves, chemotherapy, occupational exposure, electronic 
devices, heavy metals, reactive oxygen species (ROS), 
genetic and chromosomal defects, dietary and lifestyle 
factors and different environmental pollutants (5-11) can 
play a role in the etiology of male infertility.

Nutritional deficiency of some traces elements is anoth-
er significant factor that affects semen quality and plays 
important roles in the male reproductive process. Human 
semen contains several trace elements such as calcium 

(Ca), copper (Cu), manganese (Mn), magnesium (Mg), 
zinc (Zn), and selenium (Se) that are necessary for meta-
bolic processes, normal spermatogenesis, sperm matura-
tion, motility and capacitation, as well as sperm normal 
function (5, 12). Therefore reduced level of these trace el-
ements can be considered as one of the significant factors 
for impaired spermatogenesis, poor semen quality and 
male fertility (5, 13, 14). For example, numerous stud-
ies reported decreased levels of Zn, Cu and Se in seminal 
plasma of infertile men compared to infertile individuals 
(5, 15). Furthermore, seminal Zn concentration was re-
ported to be significantly correlated with sperm counts, 
motility and viability (5). Another study demonstrated de-
clined level of zinc in seminal plasma and serum of azoo-
spermic patients compared to normospermic men (16).

Physiological concentrations of Fe and Cu in sperm and 
seminal plasma have exhibited a positive correlation with 
a variety of antioxidant markers and a negative associa-
tion with lipid peroxidation (17). Potassium and sodium 
are also present in high levels in human seminal plasma 
and have a significant role in acrosom reactions (18). Mg 
and Ca maintain the osmotic balance and contribute in 
nutrient transfer. The presence of Mg2+ and Ca2+ ions is es-
sential for sperm capacitation, acrosome reaction and hy-
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peractive motility of spermatozoa. It has been suggested 
that rise in concentrations of Ca, Mg and inorganic phos-
phate may be effective in treatment of accessory gland 
function of the male genitalia (19, 20).

Ca is one of the most extensively studied elements 
of mammalian semen (21). It is well-known that Ca, 
as an intracellular and universal second messenger, is 
crucial for maximum motility of sperm cells, capacita-
tion, hyperactivation, acrosome reaction, chemotaxis 
and fertilization processes (22). Human spermatozoa 
are unable to fertilize an oocyte before their matura-
tion through the female reproductive tract. The process 
of fertilization and maturation is tightly modulated by 
some signaling cascades and Ca, which plays a critical 
dynamic role in this process as an intracellular second 
messenger. Therefore, there may be a close relationship 
between Ca, and human sperm function and fertility 
outcome.

Understanding the mechanisms in which Ca defi-
ciency can affect sperm function and fertility is a matter 
of utmost importance. Although different studies have 
demonstrated decreased level of Ca, in semen of infer-
tile men, mechanisms of Ca, deficiency on male infer-
tility are not well-considered. In the following sections 
we will discuss critical roles of Ca, in sperm function 
and consequences of Ca, deficiency in semen of the both 
experimental animal models and human subjects. Ad-
ditionally, we will review the possible mechanisms by 
which Ca deficiency induces impaired spermatogenesis 
and male infertility. 

Relationship between Ca and male infertility
Ca serves as a regulatory factor in different biological 

processes such as cell proliferation, protein secretion and 
muscle contraction (22). Most of these biological events 
are modulated by an intracellular Ca receptor known as 
calmodulin. Upon binding to Ca , calmodulin can activate 
different enzymes, especially protein kinases (PK), phos-
phatases, and phosphodiesterases (23). Na/K-ATPase and 
inositol 1,4,5-tripho-sphate receptor (IP3R), as an intra-
cellular Ca store receptor, increase intercellular Ca con-
centration (24). 

Prostate gland is a major source of Ca in human semen 
(25). Since Ca concentration in the prostate, seminal 
vesicles and epididymis is very high, numerous studies 
have investigated the association between Ca and male 
infertility (26). Many studies have reported a relation-
ship between seminal Ca and male infertility (20, 23). 
The Ca channel blockers were also reported to be as-
sociated with male infertility. For example, Prien et al. 
observed that semen of men with hypomotility had sig-
nificantly lower Ca level than men with normal motility 
(27). 

Similarly, Wong et al. (28) reported that seminal Ca lev-
el in patients with hypomotility of sperm was significantly 
lower than those in fertile subjects. In another study, it 

has been suggested that infertile men with and without 
varicocele have a significant lower Ca in their seminal 
plasma compared to fertile men (29). Other studies have 
also demonstrated a positive relationship between high 
Ca levels and fertility in men (30). In another research, a 
significant reduction was found in mean of Ca concentra-
tion in seminal plasma of normozoospermic infertile men 
compared with fertile men; however, it was not related 
to infertility classification (normo-, oligo-, and azoosper-
mic) (31). Nishida et al. (32) have shown that in vitro ex-
posure of human sperm to low Ca level increases fertiliz-
ing ability. Therefore, these data suggest that decreased 
level of seminal plasma Ca can be a reason for infertility 
in men. Recent studies have illustrated that there is a close 
relationship between vitamin D (VD) and seminal Ca 
concentration. Blomberg Jensen et al. (21, 33) indicated 
that VD deficiency can be associated with decreased level 
of intracellular Ca and subsequently poor sperm motility, 
deficiency of sperm acrosome reaction and increased risk 
of male infertility. 

Although these studies showed relationship between 
reduced levels of Ca and increased risk of male infertil-
ity, the mechanism by which Ca deficiency affects ferti-
lization rate of spermatozoa is not well-elucidated. The 
possible mechanisms in which Ca deficiency can affect 
sperm function and male infertility are discussed in the 
following sections. Impaired spermatogenesis, deficiency 
of steroidogenesis, poor sperm motility, abnormality in 
sperm chemotaxis, capacitation and acrosome reaction 
as well as reduced fertilization rate can be considered as 
possible mechanisms of the Ca deficiency effects on male 
infertility (Fig.1). 

Role of Ca in spermatogenesis
Spermatogenesis is a process in which diploid sper-

matogonial stem cells undergo meiosis and produce dif-
ferentiated haploid spermatozoa (34). Several studies 
have pointed out that Ca has important role in the regu-
lation of spermatogenesis and fertilization processes as 
well as growth, differentiation, proliferation and cell 
death in spermatogonium and spermatocyte cells (34, 
35). Ultrastructural distribution of intracellular Ca has 
been illustrated within the various germ cells during 
different developmental stages of gametogenesis in rat 
testis (35). Interestingly, the Ca level increased signifi-
cantly from early to late stages of spermatogenesis (sp
ermatogonia>spermatocyte>spermatids>spermatozoa) 
and probably reflects changes in its homeostasis and 
specific function during the formation of spermatozoa 
(34-36). Similar results have been observed in rat semi-
niferous tubules that showed significant increase of Ca 
from spermatogonia to early spermatids and gradually 
at advanced stages of mouse spermatogenesis (37). 
Recent investigations have shown that Ca deposits are 
observed in the Sertoli, myoid, and Leydig cells (35). 
Interestingly, calmodulin is particularly abundant in 
the testis, suggesting the importance of Ca for normal 
spermatogenesis (38). 

Effects of Ca2+ Deficiency on Male Infertility
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There are many Ca channels in germ cells of spermato-
gonia and spermatozoa which likely are responsible in the 
regulation of Ca signaling process (23). Ca signaling is 
necessary to shift from a proliferating phase of spermato-
gonia to the other advanced phases of spermatogenesis 
(43). Therefore, activation of the different Ca channels 
may induce changes in the Ca balance and homeostasis 
during different developmental stages of spermatogenesis 
(44). These changes are important in maintenance of sper-
matocyte function; otherwise any prolonged increase in 
the free Ca levels is toxic for cell function including chro-
matin condensation, mitochondria damage and activation 
of degradative enzymes so that ultimately can leads to cell 
death (45). 

Role of Ca in Leydig and Sertoli cells
Recent evidences have reported that Ca is essential 

for stimulation of steroidogenesis in Leydig cells of the 
testis (42). An increased Ca level has been shown to be 
associated with an increased production and secretion of 
testosterone in stimulated Leydig cell, while Ca chelators 
inhibit steroid synthesis (24). Ca also plays a critical role 
in Sertoli-Sertoli junction dynamics. Previous studies re-
ported that testosterone-mediated enhancement of Ca is 
required for the influx of extracellular Ca in Sertoli cells, 
indicating that Ca channels in plasma membrane play 

crucial role in testosterone-Ca signaling (46). Therefore, 
given the regulatory function of testosterone in gonadal 
formation, differentiation, maturation and spermatogene-
sis, Ca deficiency can be associated with depletion of tes-
tosterone, inhibition of spermatogenesis and subsequently 
male infertility (Fig.1).

Ca and sperm parameters 
There are evidences that changes in intracellular and 

seminal plasma Ca can affect sperm function and motility. 
Spermatozoa modulate their movement in response to an 
alteration in the intracellular Ca concentration, depending 
on the pH of the medium (47). Numerous studies demon-
strated a relationship between Ca and sperm motility (48). 
Given the biochemical requirements for Ca by adenosine 
triphosphate (ATP) to drive the flagella, the relationship 
between Ca and sperm motility seems to be logical (Fig.1). 
For example, a pervious study showed that addition of 
Ca with calsemin to isolated ram caudal spermatozoa 
caused stimulation of flagellar beat activity (49). Morton 
et al. (50) demonstrated that reduced seminal Ca concen-
trations are positively correlated with decreased human 
sperm motility in the epididymal. Similarly, Schmid et 
al. (14) reported that declined level of intracellular Ca in 
sperm is significantly associated with increased risks of 
poor sperm motility, independent of male age. 

Beigi Harchegani et al.

Fig.1: A schematic for the effects of Ca2+ deficiency on male infertility. Calcium deficiency decreases spermatogenesis and fertilization 
rate through several mechanisms including: reduced sperm chemotaxis, motility, capacitation, acrosome reaction, and steroidogen-
esis (21, 24, 39-42). 
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Banjoko and Adeseolu (51) observed that men with 
hypomotile sperm (<60%) exhibited lower Ca concen-
trations compared to men with normal motility. Further-
more, seminal plasma Ca was negatively correlated with 
sperm motility and count. Bassey et al. (48) observed 
that seminal plasma Ca level was significantly lower in 
oligospermic, azoospermic and asthenoligospermic infer-
tile men compared to normospermic men. A more recent 
study has found a positive correlation between seminal 
plasma Ca concentration and semen parameters including 
pH, volume, sperm counts, and HOST% (52). Experimen-
tal evidences showed that use of EDTA, as a Ca chelator, 
causes a reduction in Ca concentration and significant loss 
of sperm motility (53). This suggests the regulatory effect 
of Ca on sperm motility and destructive effect of EDTA 
on spermatozoa. In another experimental study, Uhland et 
al. (54) showed that 1,25(OH)2D3 treatment increased in-
tracellular Ca concentration in human spermatozoa from 
an intracellular Ca storage, increased sperm motility and 
induced the acrosome reaction. 

Sperm chemotaxis
Sperm chemotaxis is a process in which spermato-

zoa are attracted toward egg (55). This is an important 
event in the fertilization process and may provide an 
insight into the mechanism underlying sperm-egg in-
teraction. Recent studies have indicated that Ca may 
play a central role in sperm chemotaxis because it regu-
lates sperm flagellar beating (56). When the spermato-
zoon ejaculated into the female reproductive tract, pro-
gesterone stimulates Ca entry from extracellular spaces 
into the spermatozoon. The increased intracellular Ca 
induces the beating of sperm flagella, and subsequently 
causes to the chemotactic turn and ‘turn-and-straight’ 
movements (35). 

Role of Ca in sperm capacitation 
Capacitation is a process in which sperm cells undergo 

a series of consecutive biochemical and molecular events 
during their movement across the female reproductive 
tract before reaching and fusing with oocyte. Sperm ca-
pacitation is modulated by several molecules present in 
the female reproductive tract. Ca is now considered as one 
of the significant factors that regulate sperm capacitation. 
Increased level of intracellular Ca as well as membrane 
hyperpolarization has been reported during the sperma-
tozoon capacitation (36). Recent studies have indicated 
that Ca modulates sperm capacitation via the regulation 
of sperm cAMP-dependent signaling and tyrosine phos-
phorylation pathways in a biphasic manner (34). It has 
been also shown that the distribution of intracellular Ca 
is remodeled during post-mating capacitation in the male 
gamete of animals (57). In addition, recent proteomics 
studies identified some proteins such as ryanodine recep-
tor, troponin, and sarcoplasmic Ca-binding protein that 
may contribute to the processes of Ca signaling in the 
male gamete of animals during different stages of repro-
duction such as capacitation (58, 59). 

Sperm acrosome reaction
The acrosome reaction is a critical step during sperm 

interaction. This is a process in which spermatozoa pen-
etrate and fuse with the oocyte membrane. Many stud-
ies indicated that Ca influxe through the Ca channels of 
the sperm plasma membrane is necessary to initiate the 
acrosomal reaction and sperm fertility (37). This process 
is associated with the release of enzymes and membrane 
modifications, which are required for sperm-egg commu-
nication (60). 

In a study, Walensky and Snyder (61) showed that acro-
some is a source of internal Ca storage. Additionally, it 
has been demonstrated that both the plasma and the acro-
somal membranes of mammalian spermatozoa contain Ca 
pumps which serve as a Ca storage during acrosome reac-
tion (62). Experimental studies have shown that addition 
of ionophore A23187, which actively transports Ca from 
extracellular to intracellular space, induces sperm acro-
some reaction (63). Another experimental study showed 
that the initiation of acrosome reaction with the ionophore 
is possible in the presence of Ca in the extracellular space 
(64). De Jonge (65) reported that exposure of capacitated 
spermatozoa to progesterone caused Ca influx from ex-
tracellular to intracellular space and initiation of sperm 
acrosome reaction. In another research, Benoff et al. (66) 
indicated that Cadmium (Cd) reduces sperm ability to 
undergo acrosome reaction via inhibition of Ca channels. 
Arabi and Mohammadpour (67) found that Cd can change 
the integrity and fluidity of acrosomal membranes of sper-
matozoa and induce abnormal acrosome reaction. 

Role of Ca in fertilization 
A great number of studies demonstrated the critical 

role of Ca in the regulation of egg activation and suc-
cessful fertilization (68). Upon fertilization an increase 
in intracellular Ca induces sperm movement across the 
egg in a global wave as a sign of egg activation. During 
the spermatozoon-egg interaction, Ca is injected into the 
egg that triggers signal transduction pathway and initiates 
egg activation (39). A more recent study has shown that a 
large amount of Ca is concentrated in the head of mature 
spermatozoa that facilitates Ca injection into the egg (38). 
The Ca wave triggered by the spermatozoon can be gener-
ated even when the egg or oocyte is placed in Ca-free me-
dia, suggesting that it is because of release from internal 
sources (69). Some studies demonstrated that changes in 
intracellular Ca levels are involved in both oocyte matu-
ration and egg activation at fertilization process (70). Ca 
signalling also plays a key role in the development of pat-
terning in early embryos (69). 

Conclusion
Ca deficiency can cause male infertility via several 

cellular and molecular mechanisms. Given the regula-
tory function of Ca in steroidogenesis, sperm motility, 
chemotaxis, capacitation and acrosome reaction within 
the women reproductive tract, Ca deficiency can be as-
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sociated with reduced fertilization rate and male infertil-
ity. These data indicate that infertile patients may benefit 
from Ca supplementation. Therefore, Ca level should be 
monitored in semen of men with idiopathic infertility. 
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Introduction 
Fertilization is a multifactorial process for fusion of 

gametes to initiate development of a new individual. For 
successful fertilization to occur, each process needs to 
take place in a coordinated manner. One of the main steps 
of fertilization is acrosome reaction during which proteo-
lytic contents of acrosome is released to facilitate zona 
binding and penetration to zona and the oocyte by sperm 
(1). Structural and functional anomalies of acrosome lead 
to inability of sperm to penetrate oocyte, thereby resulting 
in failed fertilization and infertility. Furthermore, differ-
ent studies show that when barriers of fertilization are by-
passed during intra-cytoplasmic insemination, in certain 
cases with acrosome anomalies, the ability of sperm to 
induce fertilization is still diminished due to inability of 
the oocyte to induce activation (2-4). 

Total absence of acrosome was first reported by Schirren 
et al. (5) which manifested by round head spermatozoa ap-
pearance. This syndrome has termed “globozoospermia” 
with a prevalence of 0.1% among infertile male popula-
tion and two subtypes: complete (type-I: 100% spermato-
zoa are round head) or partial (type-II: over 50% sperma-
tozoa are round head). Further genetic pedigree analysis 
revealed genetic basis with possible autosomal recessive 
inheritance is responsible for incidence of this syndrome 
(6). Individuals with globozoospermia commonly show 
no mental and physical abnormities, and generally have 

normal karyotype with no micro-deletion in chromosome 
Y (7). However, sperm cells of the affected persons are 
acrosome-less, and incapable of penetrating in zona pel-
lucida (ZP). Considering the importance of acrosome in 
fertilization and oocyte activation, this review aimed to 
describe the genetic and molecular aspects of globozoo-
spermia.

Genetic aspects of globozoospermia
Literature survey shows different approaches were tak-

en by various researchers to detect genetic and molecular 
basses of globozoospermia. These approaches include: 
i. Purposefully designed knockout mice for a variety of 
genes including: Hrb, Zpbp1, Hsp90b1, Vps54, SAMP32 
(SPACA1), ii. Knockout mice approach for different pur-
pose which later exhibited globozoospermia manifesta-
tion. The target genes were as: Csnk2a2, GOPC, Gba2, 
PICK1, iii. Whole-genome scan analysis which were car-
ried out using SNP-array approach on the genome of glo-
bozoospermia and the genes associated with this syndrome. 
These genes identifiers are: SPATA16 and DPY19L2, and 
iv. Assessment of protein localization associate with acro-
some biogenesis such as: SPGL4, Calicin.

Among the 13 genes involved in globozoospermia, they 
were mostly related to Golgi network, acrosome formation, 
sperm head shaping (anchorage of acrosome to nucleus) 
and zona binding. Only, four genes have been so far de-
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tected in individuals presenting globozoospermia including 
DPY19L2, SPATA16, PICK1 and Calicin (6-10). It is im-
portant to note that in addition to genetic defects, deregula-
tion of proteins (up or down regulation) can also result in 
the onset of globozoospermia. To further elucidate the role 
of these 13 genes, below section provides the cellular and 
molecular mechanisms in acrosome biogenesis.

Acrosome biogenesis
Acrosome structure is divided into two segments, an-

terior and equatorial segments. The former segment con-
tains enzymes that are released during acrosome reaction 
while the latter segment is predominantly involved in 
sperm-oocyte fusion. Biogenesis of acrosome begins dur-
ing meiosis and continues through early stages of spermi-
ogenesis which is divided into four steps including golgi, 
cap, acrosomal and maturation phases (Fig.1A) (11). In 
golgi phase, pro-acrosomal granules (PAGs) derived from 
endoplasmic reticulum (ER) are transported to golgi sacs 
through anterograde pathway. Subsequently, PAGs are 
transported toward sperm nucleus where they bind to an 
actin-keratin containing cytoskeletal plate termed “acro-
plaxome”. In cap phase, PAGs fuse with each other to 
form a structure known as “acrosomal cap”. In acrosomal 
phase, cap begins to spread over anterior part of nucleus to 
form an acrosome like structure. In maturation phase, fol-
lowing condensation and elongation of nucleus with the 
help of manchette, the equatorial segment of acrosome is 
shaped. At this stage, the acrosome is surrounded by two 
distinct membranes known as “inner” and “outer” acroso-
mal membranes. Inner acrosomal membrane locates in vi-
cinity of nuclear membrane, tightly anchors the acrosome 
to the nuclear envelop through cytoskeletal components 
known as “perinuclear theca” (Fig.1B, C) (12). 

Originally, acrosome was described as a modified lyso-
some while recent literatures suggest that in addition to 
PAGs forming from Golgi network, early endosome (EE) 
may also have a role in acrosomal biogenesis (Fig.1B). 
Hence it is agreed that cargos originated from Golgi ap-
paratus are sorted to plasma membrane, subsequently are 
recruited back into cytoplasm and incorporate into devel-
oping pro-acrosomes (13). During acrosomal biogenesis, 
particular proteins are involved that their absence or de-
fect may result in globozoospermia.

Globozoospermia and associated proteins 
Csnk2a2

Casein kinase IIα' polypeptide (Csnk2a2) was the first 
introduced protein whose gene was associated with glo-
bozoospermia. This protein is a kind of serine-threonine 
kinase which relates to nuclear matrix. Multiple forms of 
acrosome imperfection like complete lack of acrosome, 
indented/detached acrosome from nucleus, and acrosomal 
remnants were recognized in spermatozoa of Csnk2a2-
deficient mice. In other words, mice lacking the Csnk2a2 
gene demonstrated aberrant development in both nucleus 
and acrosome (14).

GBA2
β-Glucosidase 2 (GBA2) is a glycolipid hydrolase resi-

dent in ER and its relation to globozoospermia was first 
recognized in glycolipid storage disease due to deficiency 
of Gba2 in male mice with reduced fecundity. Glucosyl-
ceramides are normally transferred from developing germ 
cells to Sertoli cells for subsequent breakdown. Loss of 
the GBA2 results in accumulation of glucosylceramide 
in Sertoli cells and disrupts transport of glycolipid from 
germ cells which in turn interrupts normal Sertoli-germ 
cell interactions. Therefore, this defect leads to formation 
of abnormal sperm (Fig.1A, D). Unlike in mice, muta-
tional assessments for GBA2 in 3 unrelated families, orig-
inating from Britain, Canada, and Germany, have been 
unfruitful to show an association with globozoospermia 
in man (15). 

SPATA16
Spermatogenesis-associated 16 (SPATA16), also known 

as NYD-SP12, is a human testis specific protein and its 
ortholog encoding gene is expressed in mouse spermato-
cyte and spermatids. SPATA16 has a subcellular localiza-
tion in Golgi apparatus and pro-acrosmal vesicles being 
transported to acrosome. Its function is sorting and modi-
fication of acrosomal enzymes in Golgi network (16). 
This protein also interacts with other proteins involved in 
acrosomal biogenesis including GOPC and Hrb (Fig.1B). 
SPATA16 was the first gene which was shown to contrib-
ute to human globozoospermia with an autosomal domi-
nant pattern of inheritance (6).

Hrb
Hrb, formerly known as human Rev-binding/interact-

ing protein (hRIP), is the cofactor of HIV-1 Rev protein, 
involved in shuttling of proteins between nucleus and cy-
toplasm. Hrb interacts with proteins involved in nucleo-
cytoplasmic trafficking (17). Based on these functions, 
Hrb mice knockout model revealed that, Hrb is involved 
in vesicle to vesicle docking, fusion of pro-acrosmal 
vesicles with acrosome and thereby acrosomal biogen-
esis (Fig.1B). Therefore, its absence was associated with 
globozoospermia (18). Further analysis of Hrb-/- mice 
revealed a second role for Hrb in formation of acroplax-
ome plague. Acroplaxome is encompassed by 3 proteins 
including: F-actin, Sak57 (an ortholog of keratin5) and 
myosin Va. In Hrb deficient mice, keratin 5 filament bun-
dle in acroplaxome is missing and the strength of acro-
some vesicle in binding to nucleus is reduced which its 
outcome is manifested as globozoospermia (19). 

PICK1
Protein interacting with C kinase 1 (PICK1) was ini-

tially found in brain. It plays an important role in protein 
trafficking of neurons. Although the PICK1-/- mice were 
produced to study the brain function but these mice were 
infertile. PICK1 like GOPC has a postsynaptic density 95, 
discs large, and zonula occludens-1 (PDZ) domain which 
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is involved in PAG trafficking (Fig.1B) (20). So far one 
mutation in this gene has been reported to be associated 
with globozoospermia (9).

GOPC
GOPC gene, encodes Golgi-associated PDZ and coiled-

coil motif containing protein (GOPC). GOPC protein has 
5 domains including: one PDZ domain, two coiled-coil 
motifs, and two conserved domains with unknown func-
tion (21). GOPC is involved in PAG transport from Golgi 
network to acrosome and its absence (GOPC-/-) is as-
sociated with globozoospermia (Fig.1B). In addition to 
lack of acrosome, other deformities associated with this 
defect, are lack of post-acrosomal sheath or peri-nuclear 
theca (22) and coiled-coil tail (23). 

ZPBP1 
ZP binding protein 1 (ZPBP1) or Sp38 or Iam 38 and 

its paralog, ZPBP2, were described as acrosomal proteins 
in mice and human. ZPBP1- deficient male mice are ster-
ile and present round-head spermatozoa due to disrupted 
acrosome biogenesis. Zpbp1 is an intra-acrosomal protein 
and Zpbp1-deficient spermatids demonstrate defective 
protein matrix assembly and results in fragmentation of 
the abnormal acrosomes (Fig.1B) (24). 

Considering candidate genes responsible for abnor-
mal sperm head morphology, heterozygous mutation in 
ZPBP1 were described in patients with aforementioned 
condition, however direct involvement of ZPBP1 in the 
onset of such conditions remains to be clarified (25).

SPACA1
Sperm acrosome associated 1 (SPACA1) or SAMP32 

(sperm acrosomal membrane-associated protein 32) is a 
testis-specific transmembrane protein involved in sperm-
egg interaction. During elongation stage of developing 
spermatozoa, this protein is localized in inner acrosomal 
membrane (Fig.1B) (26) and no role has been envisaged 
in acrosome reaction. The role of this protein in globozoo-
spermia was initially recognized when this protein was 
absent in Gopc- and Zpbp1-disrupted mouse line. Howev-
er, later studies revealed that “disruption of Gopc caused a 
significant decrease in SPACA1 and ZPBP1” while “dis-
ruption of Zpbp1 caused loss of SPACA1whereas GOPC 
was unaffected” and “disruption of Spaca1 did not affect 
the amounts of GOPC and ZPBP1 in the testis”. Thereby, 
suggesting that Spaca1 is likely downstream of these two 
genes. Spaca1 deficiency leads to failure of acrosome 
thinning, coinciding with instability/or loss of acroplax-
ome and nuclear plate (27) and unlike most of aforemen-
tioned proteins, it has no role in protein transport in golgi 
network or in acrosome formation.

Hsp90b1
Heat shock protein 90b1 (Hsp90b1), a member of heat 

shock protein 90 family, is a testis specific endoplasmic 

chaperone involving in entire folding, activation and/or 
degradation of ER proteins (Fig.1B). It was shown that 
Hsp90b1- null sperm cells are round and not able to ferti-
lize the oocyte. Therefore, absence of this protein showed 
a potential role in the incidence of globozoospermia (28). 
Recent study has hypothesized that phosphorylation 
of Hsp90b1 along with other chaperon proteins during 
sperm capacitation leads to the formation of ZP -recog-
nized protein complexes and/or the translocation of these 
complexes to the surface of spermatozoa (29). 

Vps54
Vps54 is a protein apparently involved in tethering of 

vesicles from endosomes to the trans-golgi sacs (13). This 
is an alternative pathway in acrosome biogenesis as men-
tioned earlier. The role of this protein in acrosomal biogen-
esis was found when wobbler mouse with Vps54(L967Q) 
mutation were found to cause sterility. The protein codi-
fied by the Vps54 gene, has an active role in vesicular 
retrograde trafficking and like Hrb gene affects proacro-
somal vesicle coalesces with acrosome (Fig.1B) (30).

SPAG4L/4L-2
SPAG4L and its isoform, are testis specific proteins, be-

long to SUN domain proteins. These transmembrane pro-
teins are located on inner nuclear membrane (INM). By 
interacting with their partner on outer nuclear membrane 
(ONM), known as KASH domain can anchor or create 
linkage to nucleo- and cytoskeleton complex (LINC com-
plex) (Fig.1C) (31).

Different members of this anchoring system have been 
discovered but their role in acrosomal biogenesis re-
mains to be determined. Among these proteins, absence of 
SPAGL4/4L-2 has been associated with globozoospermia. 
SPAG4L/4L-2 is localized on apical side of nuclear mem-
brane of developing spermatid and it may have a function 
in docking of acrosome vesicle to nuclear membrane (31).

DPY19L2
DPY19L2, similar to SPAGL4/4L-2, is a transmem-

brane protein with 8-10 predicted domains in inner nucle-
ar membrane. The expression of this protein is restricted 
to testis and like SPAGL4 (or SUN5) is involved in an-
chorage of cytoskeleton to nuclear membrane (Fig.1C). 
Therefore, its absence leads to instability and dissocia-
tion of the layered structure of acroplaxome, the nuclear/
acrosome bridging region. Thereby, its absence results in 
formation of round head spermatozoa (32). ElInati et al. 
(10) revealed that DPY19L2 gene has an inevitable re-
lationship with globozoospermia. They have shown that 
DPY19L2 is one of the main genes responsible for globo-
zoospermia. In this regard, a wide spectrum of plausible 
mutations for this gene has been detected in globozoo-
spermic individuals such as: deletion of the whole locus, 
nonsense, missense, splicing mutations, partial deletion in 
different regions of the gene encompassing exons 8, 9, 11, 
15, 21 and intron 11 (10, 33-36). 
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Fig.1: Schematic illustration of subcellular distribution and localization of several proteins involved in acrosome biogenesis in germ 
cells during spermiogenesis. A. Lack/disruption of each protein leads to impaired   acrosome   formation, and   characterized as 
globozoospermia, B. SPATA16 and HRB are proteins which are transported in proacrosomal vesicle from Golgi to acrosome via 
PAG transporter proteins like GOPC and PICK1. Vps54 has a possible role in tethering of vesicles from early endosomes (EE) to the 
trans-Golgi network (TGN). SPACA1 is a transmembrane protein localized in inner acrosomal membrane of developing spermato-
zoa. Spaca1 deficiency leads to failure of acrosome thinning coincides with instability/or loss of acroplaxome and nuclear plate, C. 
DPY19L2 and SPAG4L/4L-2 are transmembrane proteins located on inner nuclear membrane (INM) and are likely to be participating 
to form linkage to nucleo- and cytoskeleton complex (LINC) complex. PNS: perinuclear space, and D. GBA2 is a non-lysosomal glyco-
sylceramidase (GlcCer) involved in catalysis of glycolipids, leading to releasing glucose moiety in ER lumen. Right inset: accumulation 
of lipid vesicles in testicular Sertoli cell of Gba2-null mice.

Calicin 
Calicin is one of the subacrosomal cytoskeletal proteins 

involved in acrosomal biogenesis which its absence re-
sults in globozoospermia (8).

The proteomics of round-head spermatozoa:
Collectively, it is evident that numerous proteins are in-

volved in acrosomal biogenesis and the absence of each 
protein may result in globozoospermia phenotype. One 
approach to distinguish proteins associated with globo-
zoospermia is comparative proteomics between normo-
zoospermia and globozoospermia. The results of this 
study have shown up/down regulation of several proteins 
in affected subjects. Spermatozoa acrosome membrane-
associated protein 1 (SAMP1) and sperm protein associ-
ated with the nucleus on the X chromosome (SPANX) are 
among the proteins that their expression was shown to be 
down regulated (37). SAMP1 is a glycoprotein receptor 
residing in inner nuclear membrane and its absence re-
sults in mislocalization of the SUN1 (38). SPANX also 
acts as a nuclear envelope protein residing in post-acro-
somal perinuclear theca and is expected to be associated 
with acrosome-nucleus binding and down regulation of 
this protein in globozoospermia may be underlying cause 
of the lack of acrosome (37). 

Conclusion
Taken together, the results of this study suggest that 

mutation, deletion of genes products associate with Golgi 
apparatus, formation of acroplaxome or those associated 
with neuclo-cytoskeleton involved in attachment of acro-
some with nucleus have a potential role in induction of 
globozoospermia. 
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Abstract 
Infertile women are at a higher risk of sexual dysfunction compared to fertile women. Infertility is a major source of 
stress, anxiety, and depression, which strongly affects sexual health. The aim of this study is to estimate the prevalence 
of female sexual dysfunction (FSD) among infertile Iranian women. We searched the main international databases 
(Web of Science, PubMed, Medline, and Scopus) and national databases (Scientific Information Database, Magiran, 
and IranMedex) from their inception until April, 2017. Due to heterogeneity between the studies, the extracted data 
were pooled using a random-effects model by Stata software. Out of 313 retrieved studies, we included 18 studies 
of 3419 infertile women in the meta-analysis. The pooled prevalence of FSD was 64.3% [95% confidence interval 
(CI): 53.3-75.3]. Our findings revealed that sexual desire (59.9%, 95% CI: 38.7-81.2) was the most prevalent disorder 
and vaginismus (19.2%, 95% CI: 11.3-27.2) was the least prevalent among infertile women. The results of our meta-
analysis suggested that more than 64% of infertile Iranian women reported sexual dysfunction, which was meaning-
fully high. This study also showed that sexual desire was significantly more common than other sexual dysfunction 
dimensions and the prevalence of vaginismus was the least common.
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Introduction 
The estimated prevalence of infertility is approximate-

ly 9% worldwide (1). Infertility has negative effects on 
emotional health, quality of life, and a couple′s sexual 
relationship (2, 3). Infertility has a greater impact of 
psychosexual behaviour in women than men (4). Sexual 
function is one of the most important components of 
quality of life and social health (5). The estimated prev-
alence of sexual problems in Iranian women is 31.5%, 
and for Iranian men, it is 18.8% (6).  Many studies report 
that sexual dysfunction is more common among infertile 
women (7, 8). 

Sexual dysfunction has several domains. The Diagnos-
tic and Statistical Manual of Mental Disorders (DSM-5) 
lists the types of sexual dysfunctions in females as fe-
male sexual interest/arousal disorder, female orgasmic 
disorder, and genito-pelvic pain/penetration disorder 
(9). The Female Sexual Function Index (FSFI) contains 
four domains: sexual arousal, orgasm, satisfaction, and 
pain (10). 

There is an association between sexual dysfunction 
and infertility (11). Sexual dysfunction may cause dif-

ficulties in sexual function during attempts to conceive 
(12). In order to perform the diagnostic assessment and 
sexual dysfunction therapy in infertile women, it is nec-
essary to specify the prevalence of these disorders. The 
prevalence of sexual dysfunction varies across popula-
tions and is affected by medical, psychological, socio-
economic, cultural, and ethnic factors (13). 

Many studies conducted in Iran to evaluate the preva-
lence of sexual dysfunction among infertile women have 
reported various findings (14-17). Thus, we conducted 
this meta-analysis to estimate the prevalence rate of sex-
ual dysfunction in infertile Iranian women.

Materials and Methods
Search strategy

Royan Institute approved this systematic review and 
meta-analysis (code: 95000051). The authors followed 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) checklist to perform this 
meta-analysis (18). The authors searched for the preva-
lence of female sexual dysfunction (FSD) in infertile 
Iranian women. We searched published literature in the 
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international (Web of Science, PubMed, Scopus) and na-
tional (Magiran, SID, and IranMedex) electronic databas-
es from their inception until April 2017. Key words used 
for the search included “sexual problem”, “sexual disabil-
ity”, “sexual dysfunction”, “sexual dysfunction, physi-
ological,”, “sexual problems”, “sexual pain”, “orgasm”, 
“lubrication”, “sexual excitement”, ”sexual desire”, “dys-
pareunia”, “vaginismus”, “Iran”, “infertility”, “infertil-
ity, female”, “cross-sectional study”, “prevalence study” 
and “prevalence”. No time restriction was applied to the 
searches and we included both Farsi and English languag-
es in the study. In addition to the mentioned databases, 
the grey literatures were searched using Google Scholar 
for the possibility of missed papers as recommended by 
Haddaway et al. (19). We also checked the reference lists 
of the included articles for additional potentially applica-
ble papers.

Inclusion and exclusion criteria
Studies with the estimated prevalence rates of FSD, 

observational studies, studies in Farsi and English lan-
guages, and those without any restricted published date 
were included in this study. Excluded from this meta-
analysis were interventional studies, repeated or du-
plicated studies, and studies with no relevant reported 
data.

Data extraction and quality assessment
In this meta-analysis, 2 authors (AAH and SM) sepa-

rately extracted the required data from the included 
studies. Data extracted were: first Authors' name, year 
of publication, place of study, published year of study, 
mean age, infertility year, sample size, type of question-
naire, and the prevalence estimate of FSD and its dimen-
sions. Then, 2 reviewers (AAH and MS) independently 
performed the quality assessment based on our modified 
STROBE checklist (20). The quality of the papers was 
low (22.22%), moderate (61.11%), and high (16.67%). 
This checklist contained sample size, sampling method, 
analysis, generalizability, quality of results reported, and 
study design. 

Statistical analysis
The pooled prevalence was estimated by the “metan” com-

mand in Stata. Statistical heterogeneity between studies was 
checked by the Cochrane Q test and I2 statistics. Because of 
low primary studies, for the Cochrane Q test, we considered 
a P<0.10 to be statistically significant. An  value of 25% in-
dicated low heterogeneity, 50% was moderate, and 75% in-
dicated high heterogeneity (21). 

The outcome measure of study was prevalence of sex-
ual dysfunction in infertile women. In terms of the out-
standing heterogeneity among the studies, we applied a 
random effect model to pool the primary prevalence rates. 
To explain the sources of between-study heterogeneity, 
meta-regression was performed for the year of the study, 
the sample size, and type of questionnaire. By running the 

“metainf” command, we conducted sensitivity analyses 
by excluding each study from the analysis to examine the 
influence of each study on the pooled estimate. The Fun-
nel plot, Begg's rank correlation, and Egger's weighted 
regression tests were used to assess publication bias (22, 
23). The level of significance in these tests was less than 
0.10 because of the statistical power. Finally, cumula-
tive meta-analysis was performed to investigate whether 
the amount of prevalence changed noticeably over time 
(“metacum” command). All statistical analyses were per-
formed using Stata version 14.0 (Stata Corp., College Sta-
tion, TX, USA).

Results 
Study selection

The details of the study selection method are shown 
in Figure 1. We identified a total of 313 relevant pa-
pers; after removal of the duplicates, 271 papers re-
mained. After screening the titles and abstracts, we 
disqualified 228 papers, and resumed the full texts for 
43 relevant papers. Next, we excluded all non-eligible 
studies, which left a total of 18 cross-sectional or case 
control studies based on the inclusion criteria for the 
meta-analysis.

Fig.1: Flow diagram of the literature search for studies included in the 
meta-analysis.

Study characteristics
The majority (two-thirds) of the studies used the FSFI 

questionnaire to assess the prevalence of FSD. The lowest 
prevalence of FSD among infertile women was 46.6%, 
whereas the highest prevalence of FSD was 87.1%. These 
studies were published between 2001 and 2017 and had 
a diverse sample size that ranged from 30 to 604 cases, 
with a total of 3419 infertile women. Additional informa-
tion about each primary study included in this analysis is 
shown in Table 1.
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Evaluation of heterogeneity and meta-analysis
The results of Cochran’s Q test and I2 statistics displayed 

considerable heterogeneity among the primary studies 
included for FSD (Q=194.04, P=0.0001 and I2: 95.4%); 
thus, we used the random effects model for analysis. The 
pooled prevalence of FSD was 64.3% (95% CI: 53.3-
75.3). As shown in Figure 2, the lowest prevalence of 
FSD was reported by Basirat et al. (30) in Babol, North-
ern Iran (46.6%, 95% CI: 36.7%-56.5%) and Jamali et al. 
(33) reported the highest prevalence in Jahrom, Southern 
Iran (87.1%, 95% CI: 83.9%-90.3%).

Fig.2: Forest plot that shows the prevalence of female sexual dysfunction 
(FSD) among infertile Iranian women.

The pooled estimated prevalence of different dimen-
sions of sexual dysfunction that included sexual desire, 
sexual excitement, orgasm, dyspareunia and vaginismus 
is presented in Table 2. The results showed that the most 
prevalent sexual disorder was related to sexual desire 
(59.9%; 95% CI: 38.7-81.2) and the least prevalent was 
vaginismus (19.2%, 95% CI: 11.3-27.2). 

Table 2: The pooled estimated prevalence of different dimensions of sex-
ual dysfunction

I2 (%)95% CIPooled 
estimated 
(%)

Number of 
included 
studies

Disorder

99.238.7-81.259.98Sexual desire
96.929.6-75.052.34Sexual excitement
99.427.9-79.753.87Orgasm
98.829.4-76.452.96Dyspareunia
82.611.3-27.219.22Vaginismus

CI; Confidence interval and I2; I square.

Publication bias

We used Begg’s test to assess for probable publication 
bias of FSD prevalence. The results showed no evidence 
of any publication bias (P=0.325). 

Meta-regression
In order to assess the sources of heterogeneity, we in-

Table 1: Characteristics of the primary studies included in the meta-analysis

ID Author Year
published

City Sample
size

Age (Y)
(mean + SD)

Mean years 
of infertility 
(mean + SD)

Questionnaire Sampling
 method

Quality 
assessment 

1 Sargolzaee et al. (24) 2001 Mashhad 30 25.77 ± 5.08 4.2 ± 3.09 GSF Random Moderate
2 Besharat and Hoseinzadeh 

Bazargani  (25)
2006 Tehran 45 28.8 ± 4.68 NA Golombok-Rust Convenience Low

3 Tayebi and Yassini 
Addakani (26)

2007 Yazd 300 27.93 ± 4.8 5.42 ± 3.2 NR Volunteer Moderate

4 Khademi et al. (27) 2008 Tehran 100 26.9 ± 5 5.3 ± 3.7 SFQ Volunteer Moderate
5 Fahami et al. (28) 2009 Isfahan 140 29 ± 5.5 6.5 ± 5.2 FSFI Convenience Moderate 
6 Pakpour et al. (8) 2012 5 cities 604 30 ± 7.8 NA FSFI Convenience High
7 Aghamohammadian 

Sharbaf (29)
2014 Mashhad 200 28.8 ± 6.2 NA FSFI Convenience Moderate

8 Basirat et al. (30) 2014 Babol 208 27.85 ± 5.7 NA FSFI NA High
9 Davari Tanha et al. (11) 2014 Tehran 320 29.66 NA FSFI NA Moderate
10 Hashemi et al. (31) 2014 Tehran 128 30.9 ± 4.9 NA FSFI NA Moderate
11 Jamali et al. (32) 2014 Jahrom 100 28.56 ± 5.72 NA FSFI Random High
12 Jamali et al. (33) 2014 Jahrom 502 30.95 ± 6.80 NA FSFI Convenience Moderate
13 Karamidehkordi and 

Roudsari  (34)
2014 Mashhad 130 27 ± 4.58 NA FSFI Convenience Low

14 Alirezaee et al. (35) 2014 Mashhad 85 NA NA FSFI Convenience Low
15 Bakhtiari et al. (36) 2016 Babol 236 26.1 ± 5.3 60.2 ± 8.4 

months
DSM Convenience Moderate

16  Mirblouk et al. (37) 2016 Guilan 147 31.66 ± 6.8 NA FSFI NA Moderate
17 Zare et al. (38) 2016 Mashhad 110 29.2 ± 4.9 4.85 ± 3.53 Golombok-Rust Convenience Moderate
18 Billar et al. (39) 2017 2 cities 34 42 NA FSFI Convenience Low

GSF; Global Sexual Functioning Scale, SFQ; Sexual Function Questionnaire, FSFI; Female Sexual Function Index, NR; Not reported, and DSM; The diagnostic 
and statistical manual of mental disorders.
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cluded 4 variables in a univariate meta-regression. The 
results suggested that the study sample size (P=0.992), 
date (P=0.366), type of questionnaire (P=0.418), and age 
(P=0.070) were not accountable for the heterogeneity in 
the FSD prevalence. Therefore, we used the random ef-
fect model because of the presence of heterogeneity be-
tween studies.  

Sensitivity analysis and cumulative meta-analysis
In order to calculate the influence of each primary 

study, a sensitivity analysis was performed by removing 
each study from the analysis and calculating the point 
estimates. The results of the sensitivity analysis (Table 
3) showed that after removal of the individual studies, 
the pooled prevalence of FSD ranged from 61.2%, after 
excluding Jamali et al. (33) to 66.2% after excluding Ba-
sirat et al. (30).

Table 3: Sensitivity analysis to estimate the pooled prevalence by removal 
of each individual study

95% CIPooled 
prevalence

Study omitted

0.7740.5500.662Basirat et al. (30)
0.7690.5370.653Karamidehkordi and Roudsari  (34)
0.7700.5360.653Bakhtiari et al. (36)
0.7680.5350.652Hashemi et al. (31)
0.7700.5350.653Pakpour et al. (8)
0.7690.5300.650Tayebi and Yassini Addakani (26)
0.7540.5150.635Alirezaee et al. (35)
0.7540.5090.631 Mirblouk et al. (37)
0.7420.5080.625Billar et al. (39)
0.6780.5460.612Jamali et al. (33)

After sorting the studies based on publication year, the 
cumulative meta-analysis showed that the overall preva-
lence estimate was not constant over time; rather there 
was an increase after 2014 (Fig.3).

Fig.3: Cumulative meta-analysis of female sexual dysfunction (FSD) by sort-
ing the studies based on publication time.

Discussion
The tendency of having sexual intercourse is strongly 

affected by pregnancy, which results in a low FSD score. 
It is well-known that infertile women are at a higher risk 
of sexual dysfunction compared to fertile women (33, 40, 
41). Infertility is a major source of stress, anxiety and de-
pression, which strongly affects sexual health. It has been 
shown that sexual dysfunction simultaneously compounds 
the disappointment of childlessness and the distress of 
medical treatment among infertile patients (42). However, 
sex is less defined as a loving act and considered more of a 
clinical tool among infertile couples (14). Our study has re-
vealed that 64% of infertile women in Iran have sexual dys-
function. The studies were published with different sample 
sizes over a 17-year period. However, the current study 
showed that the diversity in the FSD prevalence was not af-
fected by sample size, date, age, and type of questionnaires 
in Iran. This study also demonstrated that vaginismus was 
significantly less prevalent than other sexual dysfunction 
dimensions. Regarding the vast spectrum of vaginismus, 
women might not be aware of their disorder, which might 
lead to a low prevalence rate. Psychological variables are 
the most responsible factors for vaginismus (43).

Although the prevalence of sexual desire was higher 
than the other dimensions, dyspareunia, orgasm, and 
sexual excitement did not considerably differ in preva-
lence ratios. Based on the results of our meta-analysis, 
the prevalence of FSD among infertile women in Iran was 
noticeable. This might be due the adverse consequences 
of infertility such as personal and marital distress, depres-
sion, anxiety, reduction in self-esteem, and greater risk of 
psychological pressure that strongly contributes to sexual 
dysfunction in women (44). It has been demonstrated that 
both of the diagnosis of infertility and the treatments af-
fect FSD (41). Some local and cultural aspects could re-
duce the amount of sexual functioning among Iranian in-
fertile women such as lack of sexual knowledge and poor 
emotional relationship, the presence of economic prob-
lems, and pregnancy as the only point for sexual function.

Keskin et al. (45) found that 64.8% of women with pri-
mary infertility and 76.5% of those with secondary infer-
tility had sexual dysfunction. Aggarwal et al. (4) reported 
that 63.67% of infertile women had FSD. Potential factors 
such as kidney failure, multiple sclerosis, heart disease 
and bladder problems, hormonal dysfunctions, and social 
and psychological problems might be responsible (8, 46). 
In comparison to the Middle East, the FSD prevalence 
rate is relatively higher in Iran (47). However, the differ-
ence is not considerable, which might be due to the simi-
larities in culture and the same amount of development. 
However, the respondents were self-reporting in Iranian 
studies. According to cultural conditions, patients might 
not provide the exact responses to the questions and there 
might be biases in the prevalence rate.

There may be a two-way relationship between infertility 
and sexual dysfunction. Infertility changes sexual feelings 
and sexual dysfunction may result in infertility. Howev-
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er, numerous potential factors cause the increase in FSD 
prevalence among infertile women and include involun-
tary childlessness, woman’s age, husband’s age, the lack 
of knowledge about marital issues, lack of training in the 
society, socio-economic status, infertility characteristics, 
the relationship with partner, duration of marriage, medi-
cal problems, depression, anxiety, loss of self-esteem, 
menopausal status, history of previous infertility treat-
ment, income level, lower educational level, frequency of 
intercourse, and higher partner education (8, 45, 48-53). 

Infertility affects the dimensions of sexual dysfunction 
(2, 37, 44, 53). In 2 different studies conducted by Keskin 
et al. (45) in Turkey and Pakpour et al. (8) in Iran, the 
researchers reported that the prevalence of sexual desire, 
orgasm, and satisfaction decreased among women with 
secondary infertility compared to those with primary in-
fertility. Iris et al. (2) investigated the effects of infertility 
and infertility duration on female sexual function. They 
demonstrated that the mean score of all sexual functions 
such as desire, arousal, lubrication, orgasm, sexual sat-
isfaction, and pain, as well as the total score decreased 
over time. The similarity of the prevalence ratios among 
the FSD dimensions in Iran might be due to the similarity 
in their risk factors. These potential factors could explain 
the difference in prevalence ratios across countries. Berg-
er et al. (54) assessed the association between infertility 
and sexual dysfunction in men and women. They indi-
cated that desire was strongly associated with problems 
in achieving pregnancy and infertility. These researchers 
introduced sexual dysfunction as a complex issue among 
couples with infertility and suggested that health policy 
makers should utilize appropriate medical therapy and 
psychosocial tools for infertile couples.

However, the power of statistical tools that has iden-
tified the heterogeneity in the studied meta-analysis dif-
fers according to the sample size of the studies as well 
as the number of included studies. The chi-square test is 
strongly affected by these limitations, such that a non-
significant result must not be taken as evidence of lack 
of heterogeneity. On the other hand, the power of the chi-
square test is high when many studies are included in a 
meta-analysis. The I2 value depends on the magnitude of 
the prevalence ratios (55). In our meta-analysis, the result 
of chi-square test has been confirmed by the I2 test, which 
addressed considerable heterogeneity among the reported 
prevalence ratios of the included studies. These studies 
were conducted in different regions of the country. The 
heterogeneity might be due to the diversities in the ethnic 
and cultural conditions, uneven development regions and 
disparity in the amount of knowledge, particularly about 
sexual performance. 

Limitations in this study included the use of different 
questionnaires with different scoring methods to assess 
the prevalence of sexual dysfunction; therefore, we did 
not pool all of the scores in a continuous scale. In some 
studies, the scores of the questionnaires (in a continuous 
scale) was reported, whereas in other studies, the preva-

lence of FSD (in a categorized scale) was reported. There 
were different cut-offs for the questionnaires. For exam-
ple, the point at which a woman was classified as having 
a sexual dysfunction or not might have been used in the 
studies. However, we ignored this issue and pooled the 
reported prevalence rate.  

Conclusion
The results of current meta-analysis discovered that 

prevalence of FSD in infertile Iranian women was consid-
erable. More than 64% of these women had sexual dys-
function. This study also showed that sexual desire was 
significantly more common than other sexual dysfunction 
dimensions and that the prevalence of vaginismus was 
less than the other dimensions.
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Abstract 
Background: Multiple studies have been carried out examining the association of tumor necrosis factor-α gene 
(TNF-α) promoter region polymorphisms with recurrent pregnancy loss (RPL) risk. However, the results remain con-
troversial and incomplete. Hence, we performed a meta-analysis to evaluate the association of the TNF-α -308G>A 
and -238G>A polymorphisms with RPL risk.

Materials and Methods: In this meta-analysis, a comprehensive search of PubMed, Web of Knowledge and EM-
BASE was performed to identify relevant studies published until December 1, 2017. The associations were assessed 
by odds ratio (OR) and its corresponding 95% confidence interval (CI). 

Results: A total of 29 case-control studies, comprising 20 studies on TNF-α -308G>A (3,461 cases and 3,895 con-
trols) and nine studies on TNF-α -238G>A (2,589 cases and 2,664 controls), were included in the meta-analysis. Over-
all, we found TNF-α -308G>A to be associated with an increase in RPL risk under the homozygote (OR=1.716, 95% 
CI: 1.210-2.433, P=0.002) and the recessive (OR=1.554, 95% CI: 1.100-2.196, P=0.012) models. TNF-α -238G>A 
was also significantly associated with increased risk of RPL under the allele model (OR=1.554, 95% CI: 1.100-2.196, 
P=0.012). Stratified analysis revealed a more significant association between the TNF-α -308G>A polymorphism 
and increased RPL risk in Asians under the homozygote (OR=2.190, 95% CI: 1.465-3.274, P≤0.001), the dominant 
(OR=1.642, 95% CI: 1.269-2.125, P≤0.001) and the recessive (OR=1.456, 95% CI: 1.039-2.040, P=0.029) models, 
but not in Caucasians. A non-significant association was, however, identified between TNF-α -238G>A and RPL risk 
based on ethnicity. Moreover, TNF-α -308G>A and -238G>A polymorphisms were significantly associated with in-
creased risk of RPL in high quality studies and polymerase chain reaction-restriction fragment length polymorphism 
(PCR-RFLP) subgroups.

Conclusion: The present meta-analysis demonstrates that TNF-α -308G>A and -238G>A polymorphisms are associ-
ated with an increased risk of RPL.
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Introduction 
Recurrent pregnancy loss (RPL) is traditionally defined 

as the occurrence of three or more (≥3) consecutive preg-
nancy losses; however, the American Society of Repro-
ductive Medicine (ASRM) has recently redefined RPL as 
two or more pregnancy losses (1, 2). It is estimated that 
up to 3% of fertile couples have been diagnosed with RPL 
(3). Moreover, RPL is accompanied by an increased risk 
of other pregnancy complications such as preterm birth 
or small for gestational age newborns (4). RPL remains 

one of the most important issues in reproductive medicine 
and there are multiple barriers to the prevention, diagno-
sis and treatment of it (5).

Many studies have been undertaken to identify the 
underlying aetiology, however, the cause of miscarriage 
can be identified in only 50% of cases (1, 6). Maternal 
age and number of previous miscarriages are two inde-
pendent risk factors for a further miscarriage (7). More-
over, the known causes of RPL include chromosomal 
and metabolic abnormalities, uterine anomalies and 
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immunologic factors (8). The parental carriers of bal-
anced structural chromosomal rearrangements including 
balanced reciprocal and Robertsonian translocations are 
responsible for 2-4% of RPL cases (5-9). There is much 
evidence that tumor necrosis factor-α (TNF-α) also plays 
an important role in the implantation, placentation and 
pregnancy outcome (10).

TNF-α, a key pro-inflammatory cytokine, is secreted 
by macrophages and plays an important role in apop-
totic cell death and initiating an immune response (10, 
11). TNF-α is located on human chromosomes 6p21.3, 
spanning 2,762bp, and contains 4 exons (11, 12). There 
are several common single nucleotide polymorphisms 
(SNPs) in TNF-α which can regulate the transcription 
and production of TNF-α (12). To date, several promot-
er region SNPs in TNF-α have been reported, among 
which two, namely -308G>A (rs1800629) and -238G>A 
(rs361525), are most frequently studied in RPL (11-13). 
These polymorphisms have been shown to contribute 
to the susceptibility of several autoimmune conditions 
(9, 12, 13). Moreover, numerous studies have examined 
the association between TNF-α polymorphisms and risk 
of RPL; however, results have been controversial and 
inconclusive. These inconsistencies may be partly due 
to low sample sizes, false positive findings, publication 
bias, ethnic and geographical heterogeneity, and different 
characteristics among studies such as sources of controls. 
Meta-analysis is an important tool to obtain an unbiased 
estimate of the role of genetic variation in disease suscep-
tibility (14). Thus, we conducted a meta-analysis to com-
prehensively evaluate the association of TNF-α -308G>A 
and -238G>A polymorphisms with susceptibility to RPL.

Materials and Methods
Search strategy

This meta-analysis was conducted and reported in ac-
cordance with the Preferred Reporting Items for System-
atic reviews and Meta-Analyses (PRISMA) guidelines. 
All studies published up to December 1, 2017 reporting 
the association of the TNF-α -308G>A and -238G>A pol-
ymorphisms with RPL were identified by searching the 
literature in databases including PubMed, EMBASE, ISI 
Web of Science, Google Scholar, China National Knowl-
edge Infrastructure (CNKI), and Wanfang. The following 
combination of MeSH terms and keywords was used: (‘‘tu-
mor necrosis factor alpha’’ OR ‘‘TNF-α’’ OR ‘‘cachexin’’ 
OR ‘‘cachectin’’) AND (‘‘-308G>A’’ OR ‘‘rs1800629’’ 
OR ‘‘-238G>A’’ ‘‘rs361525’’) AND (‘‘recurrent preg-
nancy loss’’ OR ‘‘pregnancy loss’’ OR ‘‘miscarriage’’ 
OR ‘‘RPL’’ OR “habitual abortion’’ OR ‘‘abortion’’ OR 
‘‘unexplained recurrent spontaneous abortion’’) AND 
(‘‘gene’’ OR ‘‘allele’’ OR ‘‘genotype’’ OR ‘‘mutation’’ 
OR ‘‘variant’’ OR ‘‘variation’’ OR ‘‘polymorphism’’). In 
addition, the reference lists of retrieved articles, reviews 
and previous meta-analyses were manually screened for 
additional studies. In the case where more than one article 
was published by the same author using the same case 
series, the study with the largest sample size was investi-

gated. Moreover, no restrictions were placed on language, 
and only published studies with full-text articles were in-
cluded.
Inclusion and exclusion criteria

Studies fulfilling the following selection criteria were 
included in this meta-analysis: i. Has original and pub-
lished data, ii. Uses case-control or cohort design, iii. Ex-
amines the associations of TNF-α -308G>A and -238G>A 
polymorphisms with RPL risk, and iv. Provides sufficient 
data for calculation of odds ratio (OR) with 95% confi-
dence interval (CI). In addition, the following exclusion 
criteria were also used: i. Not relevant to TNF-α -308G>A 
and -238G>A polymorphisms and RPL, ii. The design is 
based on family or sibling pairs, iii. No usable data re-
ported, iv. The study only involved a case population, v. 
Animal studies, vi. Duplicated publications, and vii. Ab-
stracts, case-only articles, editorials, and reviews. If stud-
ies had partly overlapped subjects, only the one with the 
largest sample size was included.

Data extraction
Two investigators independently reviewed full manu-

scripts of eligible studies, and the relevant data were 
extracted into predesigned data collection forms. Any 
discrepancy was resolved by discussion or consensus by 
involving a third reviewer when required. The following 
data were collected from each study: first Authors' sur-
name, year of publication, country of origin, ethnicity of 
the study population, genotyping method, source of con-
trol groups (population- or hospital-based controls), total 
number of cases and controls as well as numbers of cases 
and controls for each TNF-α SNP genotype, and deviation 
from Hardy-Weinberg Equilibrium (HWE) of the control 
group. Diverse ethnicities were categorized as Asian, Af-
rican, Latinos and Caucasian.

Statistical analysis

The association of TNF-α -308G>A and -238G>A pol-
ymorphisms with RPL was estimated by ORs and their 
95% CIs. Z-test was carried out to evaluate the statisti-
cal significance of pooled ORs (P<0.05 was considered 
statistically significant). The pooled ORs for both poly-
morphisms were performed under the following five ge-
netic models: allele model (B vs. A), homozygote model 
(BB vs. AA), heterozygote model (BA vs. AA), domi-
nant model (BA+BB vs. AA) and recessive model (BB 
vs. BA+AA). The heterogeneity of studies was assessed 
by using Cochran’s Q-test and the I2 test. A significance 
level of <0.10 was used to indicate heterogeneity among 
studies. Moreover, a high value of I2 indicated a higher 
probability of the existence of heterogeneity (I2=0 to 
25%, no heterogeneity; I2=25 to 50%, moderate hetero-
geneity; I2=50 to 75%, large heterogeneity; and I2=75 
to 100%, extreme heterogeneity). When between-study 
heterogeneity was found a random-effects model was 
performed; otherwise, a fixed-effects model (Mantel-
Haenszel method) was employed. HWE of genotype 
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distribution in the controls of included studies was con-
ducted using an online program (http://ihg2.helmholtz-
muenchen.de/cgi-bin/hw/hwa1.pl), and P<0.05 was 
considered as significant deviation from HWE. Strati-
fied analyses were performed according to ethnicity, 
source of controls and study quality (HWE status). To 
validate the reliability and stability of the results, sen-
sitivity analysis was performed with a single study in 
the meta-analysis being removed each time to reflect the 
influence of the individual data set on the pooled OR. 
The funnel plot was employed to examine publication 
bias. Egger’s regression analysis was used for re-evalua-
tion of publication bias. The significance of the intercept 
was determined by the t test suggested by Egger, with 
P<0.10 considered as representative of statistically sig-
nificant publication bias. Funnel plots and Egger’s linear 
regression tests were used to provide a diagnosis of the 
potential publication bias. In the presence of bias, we 
utilized the Duval and Tweedie non-parametric ‘‘trim 
and fill’’ method to adjust results. The statistical analysis 
for this meta-analysis was performed by using the com-
prehensive meta-analysis (CMA) version 2.20 software 
(Biostat, USA) using two-sided P values.

Results
The search process and search outcomes are listed in 

Figure 1. One hundred and forty-six potential studies 
were collected by database and manual search. After 
screening titles and abstracts, 30 studies were con-
sidered duplicates and were excluded. Following the 
full-text review, 45 articles were excluded as they were 
reviews, case reports, not case-control designed, con-
tained no data concerning RPL and two lacked any data 
concerning the polymorphisms of interest. Moreover, 
we also examined recent reviews and meta-analyses; 
no additional relevant study was found. Finally, 29 
case-control studies in 20 publications with 5,050 RPL 
cases and 6,559 controls were included in the meta-
analysis. There were 20 case-control studies (15-34) 
for the TNF-α -308G>A polymorphism including 3,461 
RPL cases and 3,895 controls, and nine case-control 
studies (25-28, 30-32, 34) for the TNF-α -238G>A 
polymorphism including 2,589 RPL cases and 2,664 
controls (Table 1). Data from studies published be-
tween 2001 and 2017 were pooled to the meta-analysis. 
Among the 29 case-control studies, there were eight 
studies of Caucasians, 16 studies of Asians, two stud-
ies of Latinos and two studies of Africans. Studies had 
been carried out in United Kingdom, Brazil, Argentina, 
Germany, Iran, Mexico, Tunisia, Italy, China, Bahrain, 
India, Korea, and Saudi Arabia. The TNF-α polymor-
phisms were genotyped by five methods including pol-
ymerase chain reaction-amplification refractory muta-
tion system (PCR-ARMS), PCR-restriction fragment 
length polymorphism (PCR-RFLP), sequence-specific 
oligonucleotide (SSO), PCR-sequence-specific primer 
(PCR-SSP) and direct sequencing. The distribution of 
genotypes in the controls of five studies (20, 26, 27, 
32, 33) deviated from HWE expectations (P<0.05). The 

detailed characteristics of each study and genotype dis-
tributions included in the meta-analysis are presented 
in Table 1.

Fig.1: Flow chart of literature search and study selection.

Quantitative data synthesis
TNF-α-308G>A polymorphism

Table 2 lists the main results of the meta-analy-
sis of TNF-α -308G>A polymorphism and RPL risk. 
When all the eligible studies were pooled into the 
meta-analysis, a significant association was found un-
der the homozygote model (AA vs. GG: OR=1.716, 
95% CI: 1.210-2.433, P=0.002, Fig.2A) and the re-
cessive model (AA vs. AG+GG: OR=1.554, 95% CI: 
1.100-2.196, P=0.012, Fig.2B). In addition, signifi-
cant between-study heterogeneity was detected for all 
genetic models.

When stratified by ethnicity, a significant asso-
ciation with increased RPL risk was observed among 
Asians under the homozygote genetic model (AA vs. 
GG: OR=2.190, 95% CI: 1.465-3.274, P≤0.001), the 
dominant model (AA+AG vs. GG: OR=1.642, 95% CI: 
1.269-2.125, P≤0.001) and the recessive model (AA vs. 
AG+GG: OR=1.901, 95% CI: 1.279-2.828, P=0.002), 
but not among Caucasian populations. Interestingly, 
stratified analysis according to genotyping technique 
revealed a significantly increased risk of RPL in those 
studies using PCR-RFLP under the homozygote ge-
netic model (AA vs. GG: OR=1.828, 95% CI: 1.253-
2.667, P=0.002), the dominant model (AA+AG vs. 
GG: OR=1.387, 95% CI: 1.016-1.892, P=0.039) and 
the recessive model (AA vs. AG+GG: OR=1.666, 95% 
CI: 1.147-2.421, P=0.007). Subgroup analysis of stud-
ies with high quality data did not show a significant 
association between this polymorphism and increased 
risk of RPL. Summary results of different comparisons 
are listed in Table 2.

TNF-α Polymorphisms and RPL
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TNF-α -238G>A polymorphism
Table 3 lists the main results of the meta-analysis of 

TNF-α -238G>A polymorphism and RPL risk. When all 
the eligible studies were pooled into the meta-analysis, a 
significant association was found under the allele model (A 
vs. G: OR=1.456, 95% CI: 1.039-2.040, P=0.029, Fig.2C). 
Interestingly, when stratified by ethnicity, there was no sig-
nificant association with an increased RPL risk in the Asian 
population. Stratified analysis according to genotyping 
technique revealed a significantly increased risk of RPL in 
those studies involving PCR-RFLP under the allele model 
(A vs. G: OR=1.418, 95% CI: 1.077-1.867, P=0.013).

Minor allele frequencies 
The minor allele frequencies (MAFs) of the TNF-α 

-308G>A and -238G>A polymorphisms are presented 
in Table 1. The MAF for TNF-α-238G>A polymor-

phism was ranged between 3.0-29.3% in overall popu-
lation. However, the allele and genotype distributions 
of TNF-α -308G>A polymorphism showed ethnic vari-
ation. The MAF in the Asian and Caucasian popula-
tions were 10.95% (4.9-17.0%) and 15.45% (13.5-
17.4%) respectively, showing a lower frequency in 
Asians (Table 1).

Test of heterogeneity and sensitivity analyses
There was significant heterogeneity among these 

studies for the TNF-α -308G>A polymorphism under 
the allele model (A vs. G: PH≤0.001), the heterozy-
gote model (AG vs. GG: PH=0.009) and the dominant 
model (AA+AG vs. GG: PH≤0.001). Then, we assessed 
the source of heterogeneity by meta-regression analy-
sis. Surprisingly, ethnicity, glaucoma types, genotyping 
methods and study quality did not contribute to sub-
stantial heterogeneity in the meta-analysis (Table 2).  

Table 2: Results of meta-analysis for the association of the TNF-α -308G>A polymorphism and risk of RPL

Subgroup Genetic model Type of 
model

Heterogeneity Odds ratio (OR) Publication bias

I2 (%) PH OR 95% CI Ztest POR PBeggs PEggers

Overall A vs. G Random 87.66 ≤0.001 1.151 0.805-1.646 0.769 0.442 0.964 0.296

AA vs. GG Fixed 31.51 0.117 1.782 1.270-2.500 3.342 0.001 0.198 0.038
AG vs. GG Random 52.75 0.009 0.699 0.411-1.190 -1.319 0.187 0.443 0.956
AA+AG vs. GG Random 66.08 ≤0.001 1.235 0.981-1.554 1.797 0.072 1.000 0.470
AA vs. AG+GG Fixed 27.21 0.156 1.624 1.162-2.272 2.836 0.005 0.092 0.084

By ethnicity
Caucasian A vs. G Random 63.68 0.041 0.859 0.492-1.498 -0.537 0.591 0.308 0.416

AA vs. GG Fixed 53.96 0.089 0.416 0.145-1.190 -1.66 0.102 0.734 0.562
AG vs. GG Random 85.78 ≤0.001 0.540 0.042-7.007 -0.471 0.637 0.734 0.873
AA+AG vs. GG Fixed 26.01 0.230 0.990 0.759-1.291 -0.077 0.939 0.071 0.198
AA vs. AG+GG Fixed 50.44 0.109 0.407 0.143-1.158 -1.685 0.092 0.734 0.564

Asian A vs. G Random 90.54 ≤0.001 1.543 0.880-2.706 1.514 0.130 0.536 0.335
AA vs. GG Fixed 0.00 0.654 2.190 1.465-3.274 3.822 ≤0.001 0.265 0.071
AG vs. GG Fixed 0.00 0.532 0.885 0.557-1.314 -0.713 0.476 0.386 0.617
AA+AG vs. GG Fixed 47.93 0.052 1.642 1.269-2.125 3.771 ≤0.001 0.754 0.224
AA vs. AG+GG Fixed 0.00 0.632 1.901 1.279-2.828 3.174 0.002 0.265 0.243

Genotyping technique
PCR-RFLP A vs. G Random 90.14 ≤0.001 1.516 0.917-2.507 1.622 0.105 1.000 0.708

AA vs. GG Fixed 46.06 0.062 1.828 1.253-2.667 3.130 0.002 0.602 0.325
AG vs. GG Random 55.32 0.022 0.760 0.390-1.482 -0.804 0.421 0.916 0.717
AA+AG vs. GG Random 67.69 0.002 1.387 1.016-1.892 2.061 0.039 0.754 0.434
AA vs. AG+GG Fixed 43.51 0.078 1.666 1.147-2.421 2.677 0.007 0.602 0.513

Studies quality (HWE)
High quality studies A vs. G Random 77.52 ≤0.001 0.974 0.620-1.528 -0.116 0.908 1.000 0.254

AA vs. GG Fixed 7.84 0.370 1.561 0.821-2.970 1.358 0.174 0.536 0.074
AG vs. GG Random 54.98 0.030 0.514 0.188-1.406 -1.296 0.195 0.265 0.418
AA+AG vs. GG Random 53.50 0.011 1.208 0.904-1.616 1.276 0.202 1.000 0.504
AA vs. AG+GG Fixed 9.35 0.358 1.584 0.836-2.999 1.411 0.158 0.265 0.046

RPL; Recurrent pregnancy loss, PCR-RFLP; Polymerase chain reaction-restriction fragment length polymorphism, CI; Confidence interval, and HWE; Hardy-
weinberg equilibrium.
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Table 3: Results of meta-analysis for the association of the TNF-α -238G>A polymorphism and risk of RPL

Subgroup Genetic model Type of model Heterogeneity Odds ratio (OR) Publication bias

I2 (%) PH OR 95% CI Ztest POR PBeggs PEggers

Overall A vs. G Random 74.99 ≤0.001 1.456 1.039-2.040 2.181 0.029 0.348 0.801
AA vs. GG Random 59.35 0.022 2.134 0.792-5.751 1.498 0.134 1.000 0.088
AG vs. GG Random 68.43 0.001 1.051 0.746-1.482 0.284 0.776 0.754 0.820
AA+AG vs. GG Random 68.61 0.001 11.94 0.864-1.652 1.073 0.283 1.000 0.705
AA vs. AG+GG Fixed 48.85 0.068 1.374 0.865-2.184 1.345 0.179 0.763 0.084

By Ethnicity
Asian A vs. G Random 73.09 0.001 1.269 0.872-1.848 1.245 0.213 1.000 0.711

AA vs. GG Random 58.47 0.034 2.420 0.640-9.154 1.302 0.193 0.707 0.039
AG vs. GG Random 64.64 0.009 0.906 0.625-1.316 -0.517 0.605 1.000 0.950
AA+AG vs. GG Random 67.71 0.005 1.056 0.733-1.523 0.293 0.769 0.763 0.919
AA vs. AG+GG Fixed 51.39 0.068 1.151 0.667-8.131 1.411 0.158 0.707 0.064

Genotyping technique
PCR-RFLP A vs. G Random 64.12 0.016 1.418 1.077-1.867 2.491 0.013 0.060 0.630

AA vs. GG Random 62.66 0.020 1.920 0.679-5.428 1.231 0.218 0.707 0.165
AG vs. GG Random 65.63 0.012 1.070 0.773-1.481 0.409 0.683 0.259 0.341
AA+AG vs. GG Random 65.67 0.012 1.213 0.895-1.643 1.244 0.214 0.452 0.232
AA vs. AG+GG Fixed 52.34 0.062 1.318 0.825-2.107 1.156 0.248 0.452 0.164

RPL; Recurrent pregnancy loss, PCR-RFLP; Polymerase chain reaction-restriction fragment length polymorphism, and CI; Confidence interval. 

Fig.2: Forest plots for the association of the TNF-α -308G>A and -238G>A polymorphisms with Recurrent pregnancy loss (RPL) susceptibility. A. TNF-α 
-308G>A (homozygote model: AA vs. GG), B. TNF-α -308G>A (recessive model: AA vs. AG+GG), and C. TNF-α -238G>A (allele model: A vs. G).
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Additionally, we performed sensitivity analysis to con-
firm the stability and reliability of our results by sequen-
tially omitting individual eligible studies. When any 
single study was excluded, the corresponding ORs were 
not considerably changed, indicating the stability of the 
estimated OR. In addition, we excluded the studies in 
which genotype distribution in the controls deviated 
from HWE expectations, and in the homozygote and 
recessive models, the studies were found to affect the 
corresponding pooled ORs with heterogeneity removed 
under the recessive model (Table 2). The supplementary 
sensitivity analysis thus showed that the results of the 
present meta-analysis are reliable.

Publication bias
We used the funnel plot and Egger’s linear regression to 

assess publication bias of the included studies. The shapes 
of the funnel plots indicated no obvious asymmetry 
(Fig.3). The results of Egger’s test also showed no strong 
statistical evidence of publication bias (Table 2). How-
ever, Egger’s test found evidence for the publication bias 
between TNF-α -308G>A polymorphism and RPL risk 
under the homozygote model (AA vs. GG: PBegg’s=0.273, 
PEgger’s=0.046, Fig.3B). Therefore, we used the Duval and 
Tweedie non-parametric ‘‘trim and fill’’ method to adjust 
for publication bias. However, the results with and with-
out ‘‘trim and fill’’ did not lead to different conclusions, 
indicating that our results are statistically robust.

Fig.3: Begg’s funnel plots of the TNF-α -308G>A polymorphism and RPL 
susceptibility under the homozygote model for publication bias test (blue 
without and red with trim and fill test). 

Discussion
Although RPL is one of the most common public health 

issues, little is known regarding genetic its susceptibil-
ity factors (35). Genetic variants in TNF-α have been as-
sociated with the etiology of RPL (9). Several important 
polymorphisms in the promoter region of TNF-α have 
been identified, such as the -308G>A and -238 G>A vari-
ants (27-34). Hitherto, the associations between polymor-
phisms in the promoter region of TNF-α and the risk of 
RPL have remained inconclusive. Thus, we performed a 
CMA to evaluate the association of TNF-α -308G>A pol-
ymorphisms with risk of RPL. The meta-analysis found 
a significant association between the TNF-α -308G>A 
polymorphism and RPL under the homozygote and re-

cessive models. Moreover, to the best of our knowledge, 
this meta-analysis is the first to evaluate the association of 
TNF-α -238G>A polymorphism with RPL. The results of 
our meta-analysis revealed that the TNF-α -238G>A pol-
ymorphism was associated with the increased risk of RPL 
under the allele model. However, due to the limited num-
ber of available published studies on the TNF-α -238G>A 
polymorphism, further studies with larger sample sizes 
are needed to reach a more convincing conclusion.

The subgroup analyses revealed a significant associa-
tion between TNF-α -308G>A polymorphism and RPL in 
Asian populations under the three genetic models. How-
ever, for Caucasians, the results indicated that this poly-
morphism is not associated with increased risk of RPL. 
The inconsistency of subgroup analysis with pooled es-
timates may be due to genetic diversity in different eth-
nicities. Furthermore, given that RPL is a multifactorial 
condition, beside genetic factors, endogenous and exog-
enous factors play a major role in RPL aetiology. Simi-
larly, the included studies in this meta-analysis differed 
in their findings with regard to the association between 
TNF-α -308G>A polymorphism and risk of RPL. It is 
therefore possible that the difference between the stud-
ies may reflect the different ethnicities been investigated, 
because geographical regions may have different genetic 
and environmental factors that might affect the findings. 
Thus, this discrepancy might also be due to other factors 
such as maternal cigarette smoking, caffeine consump-
tion, alcohol consumption, maternal age, number of pre-
vious miscarriages, diabetes mellitus, infective agents, 
endocrine factors, uterine anatomic abnormalities and an-
tiphospholipid antibody syndrome (APS). Therefore, the 
relationship between this polymorphism and RPL might 
vary by ethnicity.

Recently, a meta-analysis by Li et al. (9) with 1,430 RPL 
cases and 1,727 healthy controls was performed to inves-
tigate the associations of TNF-α polymorphisms with 
RPL. Their results suggested that the TNF-α -308G>A 
polymorphism was associated with increased RPL risk. 
Our results are consistent with their meta-analysis. How-
ever, their meta-analysis generated contradictory results 
due to insufficient power because the number of studies 
was considerably smaller than that needed to achieve 
robust conclusions. In addition, due to small size, they 
could not rule out the possibility that publication bias 
was undetected. More recently, two new epidemiological 
studies (33, 34) have been performed to estimate the ef-
fect of the TNF-α -308G>A polymorphism on RPL risk in 
Asian populations. Moreover, we found that Li et al. had 
overlooked seven studies on the TNF-α -308G>A poly-
morphism and RPL risk in their meta-analysis. Hence, it 
may significantly affect their total results and RPL results. 
In the present meta-analysis, by including more nine case-
control studies, we found that the TNF-α -308G>A poly-
morphism was associated with risk of RPL.

Between-study heterogeneity and publication bias are 
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important issues that cannot be ignored in a meta-anal-
ysis (36, 37). In addition, between-study heterogeneity 
might distort the conclusion of a meta-analysis (38). 
The study designs, source of controls subjects, ethnic-
ity, genotyping method, sample size and other variables 
may contribute to the heterogeneity (37-40). Here, we 
detected moderate between-study heterogeneity across 
studies under the allele, heterozygote and the dominant 
models. We thus selected the random-effects model to 
summarize the ORs. We performed meta-regression 
analysis to find the source of between-study heterogene-
ity. However, after the subgroup analysis by ethnicity, 
heterogeneity still remained in Caucasians. In contrast, 
in the Asians, there were no heterogeneity, indicating 
that heterogeneity could be partly accounted for by the 
genetic distribution of different ethnicities between con-
tinents. We observed publication bias for the association 
between the TNF-α -308G>A polymorphism and RPL 
risk under the homozygote model. After subgroup analy-
sis by ethnicity, the publication bias disappeared in both 
Caucasians and Asians.

This meta-analysis has a number of limitations that 
should be noted. First, we could not perform further sub-
group analysis by ethnicity among Caucasians and other 
ethnicities because of the limited number of published 
studies. Secondly, we strictly followed the inclusion and 
exclusion criteria to reduce possible selection bias. How-
ever, the Egger’s linear regression test showed little pub-
lication bias of overall analysis under the homozygote 
genetic model. Thirdly, the sources of literature searched 
were from a limited selection of electronic databases, 
and we failed to retrieve unpublished studies and articles 
written in other languages and also unpublished studies 
that might meet the inclusion criteria. Thus, potentially, 
publication bias might exist even though the funnel plots 
were found to be symmetrical. Fourthly, subgroup analy-
ses regarding age, number of miscarriage, and other risk 
factors such as chronic disease were not conducted since 
the primary literature lacked sufficient data. Finally, the 
TNF-α -308G>A and -238G>A polymorphisms were not 
analyzed in combination with other polymorphisms of 
TNF-α and the effect of gene-gene interactions on RPL 
development was not undertaken. The relationship be-
tween polymorphisms of TNF-α gene and other genetic 
and environmental risk factors may be highly compli-
cated, and extensive research is still required to ascertain 
how exactly the TNF-α polymorphisms affect the suscep-
tibility of an individual to RPL.

Conclusion
This meta-analysis confirmed the association of the 

TNF-α -308G>A and -238G>A promoter region polymor-
phisms with increased risk of RPL. Moreover, our meta-
analysis suggests that TNF-α -308G>A is more likely to 
be associated with the risk of RPL in Asians than Cau-
casians. Further large, well-designed case-control studies 
are needed to confirm these findings.
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Abstract 
Background: Osteopontin (Opn) is one of the co-factors involved in cell adhesion and invasion during the implanta-
tion process. Several reports have shown Opn expression changes in diabetic condition in several tissues. In addition, 
an increased incidence of spontaneous abortion is reported in diabetic women. We, therefore, designed a study to eval-
uate the effects of diabetes on Opn expression at implantation time after treatment with metformin and pioglitazone.

Materials and Methods: In this interventional and experimental study, 28 rats were randomly divided into four 
groups, namely control, diabetic, pioglitazone-treated diabetic rats and metformin-treated diabetic rats. Streptozo-
tocin (STZ) and nicotinamide (NA) were used to induce type 2 diabetes (T2D). During the implantation window, the 
endometrium was removed and the expression of Opn was analysed by reverse transcription quantitative polymerase 
chain reaction (RT-qPCR).

Results: Opn expression was significantly higher (30.70 fold-changes) in the diabetic group in comparison with the 
control group (P=0.04). Furthermore, the expression of Opn was significantly lower in the diabetic group treated with 
pioglitazone when compared with the diabetic group (P=0.04).

Conclusion: According to the high Opn expression and the possibility of increased adhesion of endometrial epithelial 
cells, the invasion of blastocyst may be affected and thus reduced. As pioglitazone significantly reversed the upregula-
tion of Opn in diabetic rats, it may be considered as a therapeutic compound for treating T2D.  

Keywords: Diabetes, Endometrium, Implantation, Osteopontin

Citation: Hosseiny ZS, Nikpour P, Bakhtiary A, Mostafavi FS, Matinfar M, Jahani M, Aboutorabi R. Evaluation of osteopontin gene expression in endometrium of 
diabetic rat models treated with metformin and pioglitazone. Int J Fertil Steril. 2019; 12(4): 293-297. doi: 10.22074/ijfs.2019.5471.

Received: 5/Feb/2018, Accepted: 19/May/2018
*Corresponding Address: P.O. Box: 81746 73461, Department of Anatomi-
cal Sciences, Faculty of Medicine, Isfahan University of Medical Sciences, 
Isfahan, Iran
Email: aboutorabi.r@gmail.com 

Royan Institute
International Journal of Fertility and Sterility 
Vol 12, No 4, Jan-Mar 2019, Pages: 293-297

Introduction 
Globally, approximately 60 to 80 million couples are 

likely to be affected by infertility per year (1). About 15% 
of couples suffer from subfertility around the world (2). 
The rate of male and female infertility incidences have 
been estimated to be equal with each explaining approxi-
mately 35-40% of cases. The cause of infertility in the 
remaining proportion of cases (male or female) may be 
due to a combination of disorders in the two genders (20-
30%) (3), through which, 15-30% of cases are diagnosed 
as unexplained infertility (4).

The first step to achieve a successful pregnancy is em-
bryo implantation which needs an intact embryo, an en-
dometrium and the synchronization between them (5). 
Failure in implantation is multifactorial and may be due 
to embryonic or maternal dysfunction during the dialogue 
window between them. Coagulation, immunological, en-

dothelial, endocrine and metabolic disorders are among 
the most common known causative factors of subfertility 
(6, 7).

Diabetes is a variety of metabolic diseases in which in-
dividuals are unable to produce or uptake adequate levels 
of insulin, resulting in high levels of blood glucose (8). 
Diabetes mellitus could deregulate a variety of cellular 
and molecular pathways (9).

A total of 425 million diabetic individuals have been 
reported worldwide in 2017 and it is estimated that this 
population will reach 629 million by 2045 (10). The in-
cidence of type 2 diabetes (T2D) is also rising and is ac-
companied with age reduction in its onset, especially in 
women (11). 

Diabetes can seriously affect the outcome of embryo 
implantation and pregnancy. It seems diabetes mellitus 
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impairs the molecular functions of the female reproduc-
tive system and thus causes improper implantation and/
or fetal loss (12).

Some reports have shown that miscarriage, neonatal mor-
bidity and mortality, and neonatal congenital malformations 
are observed in women who suffer from T2D (13, 14).

Administration of metformin to T2D patients for blood 
glucose level reduction is common. Metformin affects 
cell insulin resistance, descends gluconeogenesis by liver 
and increases blood glucose utilization, therefore leading 
to euglycemia (15).

Pioglitazone is a member of the thiazolidinediones (TZDs) 
family, which is used as an antidiabetic drug. It acts by bind-
ing to peroxisome proliferator-activated receptor gamma 
(PPAR-γ). This drug therefore improves glycemic control by 
increasing insulin sensitivity at cellular level (16).

The association of subfertility or infertility with diabe-
tes, as a metabolic disease, has been  previously evaluated 
(17). However, the effect of diabetes on gene expression 
at the transcript and protein levels have not been evalu-
ated during the implantation window (14).

The embryo-maternal crosstalk during the implantation 
window involves several genes which ought to be ex-
pressed at the right time either in the blastocyst or the endo-
metrium (18). Receptivity of endometrium is the key point 
for implantation of the blastocyst (18, 19). This receptivity 
is provided by a number of molecules which which reach 
their peak values during the window of implantation (5). 
Some of these molecules include integrins, mucins, vas-
cular endothelial growth factor (VEGF), and osteopontin 
(20). Integrin family members act as receptors for multiple 
ligands such as osteopontin, laminin and collagen. 

In rats, Opn gene has 7 exons, and its location is on the 
14p22) (21). Osteopontin (Opn) promotes cell adhesion and 
invasion through its Arg-Gly-Asp domain (5). Opn is shown 
to be present at a high level in the epithelial layer (during 
mid-secretary phase) in human, mouse and rabbit uterine 
(22, 23). Osteopontin has been also identified as a protein 
associated with metastatic cancers, as an extracellular ma-
trix  protein of bones and teeth, as a cytokine produced by 
activated lymphocytes and macrophages, and as a major 
constituent of the uterus and placenta during pregnancy (22).

Given the rise of T2D prevalence its effects on the female 
reproductive system, we quantified the expression of Opn in 
the endometrium of diabetic rat models to examine the asso-
ciation of Opn with T2D and evaluate the molecular effect of 
metformin and pioglitazone treatments on Opn expression.

Materials and Methods
Animal and maintenance

This interventional and experimental study on diabetic 
rat models was conducted at the Central Laboratory of 
Isfahan University of Medical Sciences in 2017. This 
work has the Ethical Committee code number IR.MUI.
REC.1394.1.184. 

Adult virgin female Wistar rats weighting 200-250 g were 
obtained from Pasteur Institute of Iran, aged 6-8 weeks, 
maintained in conventional wire mesh cages at room tem-
perature 21 ± 1°C and humidity of 45-50% with light/dark 
cycle. Rats had access to standard dry pellets and water.

Induction of diabetes
Diabetes was induced in rats by injecting 60 mg/kg 

streptozotocin (STZ, Sigma-Aldrich Chemie, Germany) 
intraperitoneally. Fifteen minutes prior to STZ injection, 
200-230 mg/kg nicotinamide (NA, Sigma-Aldrich Che-
mie, Germany) was injected intraperitoneally (24-26). 

Blood samples were taken from the tail vein and glu-
cose level values were measured using a glucometer 
(HemoCue Glucose 201+, Ängelholm, Sweden). Rats 
with blood glucose levels above 250 mg/dl were consid-
ered manifestly as diabetic (27).

Study design and tissue collection
The 28 rats were randomly categorized into four groups 

(n=7), namely control, diabetic, Pioglitazone-treated and 
metformin-treated diabetic rats. 

The first group of rats was the control group and did not 
receive any substance. The second (diabetic) group did not 
receive any treatment except for STZ and NA. The third 
group received 20 mg/kg/day of pioglitazone for diabetes 
treatment (28), and the final group received 100 mg/kg/
day of metformin (12). Treatments were administered by 
orogastric gavage and continued for 4 weeks (28). 

Rats were maintained in diabetic condition for 3 weeks 
(one sexual cycle) and then underwent treatment with 
metformin or pioglitazone.  

Treatments with the two drugs lasted 4 weeks and for the 
next step, each of the 3 female rats were mated with 1 male 
rat and vaginal plug was observed the following morning 
(first day of pregnancy). Animals were anesthetized and sac-
rificed on the 4th day of pregnancy, considered as the implan-
tation day (6).  The rat uteri were then removed, snap-frozen 
in liquid nitrogen and stored at -80°C for further analysis.

Real time polymerase chain reaction
RNA extraction

Total RNA was isolated from epithelial cells of endome-
trium using the RNX plus solution (Cinnagen, Iran) accord-
ing to the manufacturer’s instructions and as previously de-
scribed. The purity and integrity of the extracted RNA were 
assessed by optical density measurements (260/280 nm ra-
tios) and by visual observation of samples electrophoresed 
on agarose gels. For elimination of genomic DNA, RNA 
was treated with RNase-free DNase (Qiagen, Germany)

cDNA synthesis
Complementary DNA (cDNA) synthesis was carried out 

by using a cDNA synthesis Kit (Yektatajhiz, Iran). Briefly, the 
synthesis mixture was prepared by adding 4 µl of 5 X first-

Opn Gene Expression in Diabetic Rat Endometrium
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strand buffer, 1 µl of dNTPs, 0.5 µl of RNasin and 1 µl of 
M-MLV. Approximately 1 µg of RNA and random hexamer 
primers were finally added to the mixture in a 20 µl reaction.

Quantitative real-time polymerase chain reaction 
Specific primers for the rat β-actin (as an internal con-

trol, Accession number: NM_031144) and osteopontin 
(NM_012881.2) genes were designed with Genrunner 
software version 3.05 (Hastings Software, Hastings, NY, 
USA). All designed primers were checked against the the 
rat genome using BLAST to make sure they are not com-
plementary with other regions of genome.

The sequences of the designed primers are as follow: 
SPP1-
F: 5´-AGGAGAAGGCGCATTACAG-3´
R: 5´-GCTTTCATTGGAGTTGCTTG -3´
with an amplicon size of 160 bp and 
β-actin-
F: 5´-GCCTTCCTTCCTGGGTATG-3´
R: 5´-AGGAGCCAGGGCAGTAATC-3´ 
with an amplicon size of 165 bp.

PCR was carried out by using the specific primers along 
with the Maxima™ SYBR Green/ROX qPCR Master 
MIX (Fermentas, Lithuaria) and run on an Applied Bio-
systems StepOnePlus instrument. The PCR cycling con-
ditions were an initial denaturation step at 95˚C for 10 
minutes, followed by 40 amplification cycles of denatura-
tion at 95˚C for 10 seconds, annealing at 60˚C and 58.8˚C 
for β-actin and osteopontin genes respectively for 10 sec-
onds, and extension at 72˚C for 10 seconds. All samples 
were measured in duplicate. The 2-ΔΔCt method was uti-
lized to quantify the relative levels of gene expression.

Statistical analyses
Statistical analyses were performed using SPSS version 

18.0 (SPSS Inc, Chicago, IL, USA). All data are expressed 
as mean ± standard error of mean (SEM) from at least in 
triplicate at two separate experiments. Differences between 
groups were analyzed using Analysis of Variance (ANO-
VA) with post hoc multiple comparisons. Statistical signifi-
cance was defined as P<0.05.

Results 
Figure 1 shows fasting plasma glucose concentrations in 

diabetic rat models (399.28 ± 84.61) and in those treated 
with metformin (103.28 ±  14.12) and pioglitazone (99.29 
± 6.70). There was a significant difference between the 
diabetic group and all other groups (P=0.0001).

The differential expression of the target gene was 
compared with the house keeping gene (β-actin) in all 
samples. As shown in Table 1 and Figure 2, the mean of 
Opn expression in the diabetic group (30.70 ±  11.65) 
was significantly different from the control group (1) 
(P=0.04) but no significant difference was observed be-
tween diabetic and metformin treated group (42.11 ± 

19.07)  (P=0.07). Therefore in diabetic group and dia-
betic treated with metformin group upregulation in ex-
pression of Opn gene were observed. Also, the diabetic 
treated with pioglitazone group (0.55 ± 0.22) showed no 
significant difference compared with the control group 
(1) (P=0.3). 

Figure 3 shows the non-significant difference observed 
in Opn mRNA expression in metformin treated group  
(1.371 ± 0.621) compared to diabetic group (1) (P=0.62). 
On the other hand, there was a significant reduction in the 
expression of Opn in pioglitazone treated group (0.017 
± 0.007) compared with the diabetic group (1) (P=0.04).

Fig.1: Fasting plasma glucose concentrations in diabetic rat models and in 
those treated with metformin and pioglitazone. *; Significant difference 
between the diabetic group and other groups (P=0.0001), FBS; Fasting 
blood sugar, met; Metformin, and PI; Pioglitazone. 

Table 1: Mean level of Opn transcript expression in different groups

Normalized 
(mean ± SEM)

Specific 
(mean ± SEM)

Groups

10.35 Control
0.83 ± 0.350.29 ± 0.12Sham
30.70 ± 11.6510.99 ± 4.17Diabetic
0.55 ± 0.220.19 ± 0.08Pioglitazone treated
42.11 ± 19.0715.08 ± 6.83Metformin treated

Fig.2: Fold change expression of Opn /β-actin gene relative to the control 
group based on real time polymerase chain reaction analysis in the rat 
endometrium. Opn transcript expression was significantly higher in the 
diabetic and diabetic+met groups in comparison with the control subjects 
(P=0.04). *; P<0.05,  met; Metformin, and PI; Pioglitazone.

Hosseiny et al.
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Fig.3: Fold change expression of Opn/β-actin gene relative to the diabetic 
group. Opn mRNA expression was significantly lower in the diabetic group 
treated with pioglitazone (P=0.04). *; P<0.05, met; Metformin, and PI; Pi-
oglitazone.

Discussion

This study was designed to investigate the effects of dia-
betes on Opn gene expression at the implantation stage after 
being treated with metformin and pioglitazone. Osteopontin 
transcript expression was significantly higher in the diabetic 
group in comparison with the control group. Furthermore, 
evidence for the ability of pioglitazone to downregulate Opn 
expression was shown. Given the high Opn expression and 
the possibility of increased adhesion of endometrial epithe-
lial cells, the invasion of blastocyst may be affected and thus 
reduced. As pioglitazone significantly reverted the Opn ex-
pression in diabetic rats, it may be considered as a therapeu-
tic compound to act against this molecular perturbation.

Receptivity of endometrium, mature blastocyst and dia-
logue between them are essential for the multifactorial 
nature of embryo implantation. The duration of this dia-
logue window is different among mammals, but should be 
present for a limited time for embryo reception (5).

Failure in the onset of pregnancy is widely due to inap-
propriate endometrial receptivity (29). Several endome-
trial growth factors, cytokines and adhesion molecules 
such as osteopontin cooperate in molecular pathways 
which are necessary for pregnancy (30, 31).

Opn transcript level increases at the implantation sites 
from day 5 to 8 of pregnancy in the mouse uterus. There-
fore, Opn expression is thought to be essential for hatch-
ing and adhering the trophoblast to the endometrium (5).

In addition, at the protein expression level, Opn and 
β3 integrin positive cells were significantly higher on the 
5th day of pregnancy. The presence of these two proteins 
were proposed as suitable markers for predicting the fate 
of ongoing implantation by the authors (32). Opn expres-
sion is also reported during the peri-implantation period, 
which is under control of progesterone in rabbit (33).

Young et al. (34) showed that in the proliferative 

phase of the menstrual cycle, Opn was not observed, 
however, its presence was observed during the secre-
tory phase.

Opn expression has also been studied in normal en-
dometrium during implantation in human (32), rat (23), 
mouse (35), sheep and pig (36). Here, we evaluated its ex-
pression in diabetic rats during the implantation window 
and observed significant overexpression when compared 
with the control group.

Diabetes mellitus in women could cause reduction of 
fertility, poor reproduction outcome and molecular abnor-
malities in ovary and endometrium (37). In diabetic mice 
models, the implantation outcome is shown to be lower 
than control mice (14).

Takemoto et al. (38) observed enhanced Opn expression 
levels in cultured rat aortic smooth muscle cells which 
were maintained in a medium with high glucose levels 
and suggested that it may be involved in the development 
of diabetic vascular complication.

Streptozotocin-induced diabetes mellitus in rats leads 
to the reduction of endometrial thickness while treating 
with pioglitazone and zinc improves the damages in the 
endometrium (25).

Up-regulation of Opn has been reported in renal tissue 
of diabetic rat models, which may implicate this molecule 
as a potential key pathophysiologic factor in diabetic ne-
phropathy. Treatment with pioglitazone is thought to sup-
press Opn expression levels (39).

Consistently, we observed a significant reduction in the 
expression of Opn in the group treated with pioglitazone 
in comparison with the diabetic group. This indicates that 
pioglitazone has the ability to control the overexpression 
of Opn gene, which is probably in relation to the effect 
of pioglitazone on PPAR- γ (a regulator of gene expres-
sion). Further studies are nevertheless required to suggest 
administration of pioglitazone.

Another common drug for the treatment of diabetes is 
metformin, which causes an increase in intracellular mag-
nesium concentration along with a lower blood glucose 
level in the uterus and ovary (12). Metformin seems to 
have positive effects on other organs such as  the kidney 
where it significantly protects renal function in diabetic 
nephropathy (40).  In this study, we observed no signifi-
cant effect of metformin on Opn expression in the endo-
metrium of diabetic rats.

Conclusion
We conclude that due to the high expression of Opn and 

the possibility of increased adhesion of endometrial cells 
to each other, the invasion of blastocyst into uterine epi-
thelium is likely reduced. Also, pioglitazone significantly 
down-regulates the expression Opn back to its normal 
levels in the female diabetic rats.

Acknowledgements

Opn Gene Expression in Diabetic Rat Endometrium



Int J Fertil Steril, Vol 12, No 4, Jan-Mar 2019                 297

The authors express their gratitude to Isfahan Univer-
sity of Medical Sciences for its financial support by pro-
ject numbers 395210 and 194184. There is no conflict of 
interest in this study. 

Authors' Contributions
R.A., P.N.; Were responsible for overall supervision 

from study design to statistical analysis and revision of 
the manuscript. Z.S.H., A.B., M.J.; Conducted molecular 
experiments and RT-qPCR analysis. F.S.M., M.M.; Were 
responsible for counseling diabetes and its complications 
and also editing and approving the final version of this 
manuscript. All authors read and approved the final manu-
script. 

References
1. Sudha G, Reddy KSN. Causes of female infertility: a crosssection-

al study. International Journal of Latest Research in Science and 
Technology. 2013; 2(6): 119-123.

2. Agarwal A, Mulgund A, Hamada A, Chyatte MR. A unique view on 
male infertility around the globe. Reprod Biol Endocrinol. 2015; 13: 
37.

3. Deyhoul N, Mohamaddoost T, Hosseini M. Infertility-related risk 
factors: a systematic review. Int J Womens Health Reprod Sci. 
2017; 5(1): 24-29.

4. Quaas A, Dokras A. Diagnosis and treatment of unexplained infer-
tility. Rev Obstet Gynecol. 2008; 1(2): 69-76.

5. Qi QR, Xie QZ, Liu XL, Zhou Y. Osteopontin is expressed in the 
mouse uterus during early pregnancy and promotes mouse blas-
tocyst attachment and invasion in vitro. PLoS One. 2014; 9(8): 
e104955. 

6. Aplin JD, Kimber SJ. Trophoblast-uterine interactions at implanta-
tion. Reprod Biol Endocrinol. 2004; 2: 48.

7. Tuckerman EM, Laird SM, Prakash A, Li TC. Expression of integ-
rins in the endometrium of women with recurrent miscarriage. Fertil 
Steril. 2006; 86(3): 755-757.

8. Beck JK, Cogen FR. Outpatient management of pediatric type 1 
diabetes. J Pediatr Pharmacol Ther. 2015; 20(5): 344-357.

9. Saeedi Borujeni MJ, Esfandiary E, Taheripak G, Codoñer-Franch 
P, Alonso-Iglesias E, Mirzaei H. Molecular aspects of diabetes 
mellitus: resistin, MicroRNA and exosome. J Cell Biochem. 2018; 
119(2): 1257-1272.

10. Kim ES, Jeong JS, Han K, Kim MK, Lee SH, Park YM, et al. Impact 
of weight changes on the incidence of diabetes mellitus: a Korean 
nationwide cohort study. Sci Rep. 2018; 8(1): 3735.

11. Feig DS, Murphy K, Asztalos E, Tomlinson G, Sanchez J, Zinman 
B, et al. Metformin in women with type 2 diabetes in pregnancy 
(MiTy): a multi-center randomized controlled trial. BMC Pregnancy 
Childbirth. 2016; 16(1): 173. 

12. Gales C, Zamfir C, Radulescu D, Stoica B, Nechifor M. Protective 
effect of magnesium and metformin on endometrium and ovary in 
experimental diabetes mellitus. Magnes Res. 2014; 27(2): 69-76.

13. Greene MF. Spontaneous abortions and major malformations in 
women with diabetes mellitus. Semin Reprod Endocrinol. 1999; 
17(2): 127-136.

14. Wang TS, Gao F, Qi QR, Qin FN, Zuo RJ, Li ZL, et al. Dysregulated 
LIF-STAT3 pathway is responsible for impaired embryo implanta-
tion in a Streptozotocin-induced diabetic mouse model. Biology 
Open. 2015; 4(7): 893-902.

15. Ainuddin JA, Karim N, Zaheer S, Ali SS, Hasan AA. Metformin 
treatment in type 2 diabetes in pregnancy: an active controlled, 
parallel-group, randomized, open label study in patients with type 2 
diabetes in pregnancy. J Diabetes Res. 2015; 2015: 325851. 

16. Filipova EP, Uzunova KH, Vekov TY. Comparative analysis of ther-
apeutic efficiency and costs (experience in Bulgaria) of oral anti-
diabetic therapies based on glitazones and gliptins. Diabetol Metab 
Syndr. 2015; 7: 63. 

17. Basmatzou T, Konstantinos Hatziveis M. Diabetes mellitus and 
influences on human fertility. International Journal of Caring Sci-

ences. 2016; 9(1): 371-379.
18. Altmäe S, Martínez-Conejero JA, Salumets A, Simón C, Horcaja-

das JA, Stavreus-Evers A. Endometrial gene expression analysis 
at the time of embryo implantation in women with unexplained in-
fertility. Mol Hum Reprod. 2010; 16(3): 178-187. 

19. Boivin J, Bunting L, Collins JA, Nygren KG. International estimates 
of infertility prevalence and treatment-seeking: potential need and 
demand for infertility medical care. Hum Reprod. 2007; 22(6): 
1506-1512.

20. Liu JL, Zhao M, Peng Y, Fu YS. Identification of gene expression 
changes in rabbit uterus during embryo implantation. Genomics. 
2016; 107(5): 216-221.

21.  Homepage N. spp1 rat gene 27.06.2018. Available from: https://
www.ncbi.nlm.nih.gov/gene/25353.

22. Johnson GA, Burghardt RC, Bazer FW. Osteopontin: a leading 
candidate adhesion molecule for implantation in pigs and sheep. J 
Anim Sci Biotechnol. 2014; 5(1): 56.

23. Kang YJ, Forbes K, Carver J, Aplin JD. The role of the osteopontin-
integrin αvβ3 interaction at implantation: functional analysis using 
three different in vitro models. Hum Reprod. 2014; 29(4): 739-749.

24. Rossetti L, DeFronzo RA, Gherzi R, Stein P, Andraghetti G, Falzetti G, 
et al. Effect of metformin treatment on insulin action in diabetic rats: in 
vivo and in vitro correlations. Metabolism. 1990; 39(4): 425-435.

25. Gales C, Zamfir C, Stoica B, Nechifor M. Zinc and pioglitazone 
effects on ovaries and endometrium in diabetes. Farmacia. 2015; 
63(1): 52-56.

26. Masiello P, Broca C, Gross R, Roye M, Manteghetti M, Hillaire-
Buys D, et al. Experimental NIDDM: development of a new model 
in adult rats administered streptozotocin and nicotinamide. Diabe-
tes. 1998; 47(2): 224-229.

27. Zabihi S, Wentzel P, Eriksson UJ. Altered uterine perfusion is in-
volved in fetal outcome of diabetic rats. Placenta. 2008; 29(5): 413-
421.

28. Eissa LA, Abdel-Rahman N, Eraky SM. Effects of omega-3 fatty 
acids and pioglitazone combination on insulin resistance through 
fibroblast growth factor 21 in type 2 diabetes mellitus. Egyptian 
Journal of Basic and Applied Sciences. 2015; 2(2): 75-86.

29. Macklon NS, Stouffer RL, Giudice LC, Fauser BC. The science be-
hind 25 years of ovarian stimulation for in vitro fertilization. Endocr 
Rev. 2006; 27(2): 170-207. 

30. Aghajanova L, Hamilton AE, Giudice LC. Uterine receptivity to hu-
man embryonic implantation: histology, biomarkers, and transcrip-
tomics. Semin Cell Dev Biol. 2008; 19(2): 204-211.

31. Gong X, Tong Q, Chen Z, Zhang Y, Xu C, Jin Z. Microvascular 
density and vascular endothelial growth factor and osteopontin 
expression during the implantation window in a controlled ovarian 
hyperstimulation rat model. Exp Ther Med. 2015; 9(3): 773-779.

32. Liu N, Zhou C, Chen Y, Zhao J. The involvement of osteopontin and 
β3 integrin in implantation and endometrial receptivity in an early 
mouse pregnancy model. Eur J Obstet Gynecol Reprod Biol. 2013; 
170(1): 171-176. 

33. Apparao KB, Illera MJ, Beyler SA, Olson GE, Osteen KG, Corjay 
MH, et al. Regulated expression of osteopontin in the peri-implan-
tation rabbit uterus. Biol Reprod. 2003; 68(5): 1484-1490. 

34. Young MF, Kerr JM, Termine JD, Wewer UM, Wang MG, McBride 
OW, et al. cDNA cloning, mRNA distribution and heterogeneity, 
chromosomal location, and RFLP analysis of human osteopontin 
(OPN). Genomics. 1990; 7(4): 491-502.

35. von Wolff M, Strowitzki T, Becker V, Zepf C, Tabibzadeh S, Thaler 
CJ. Endometrial osteopontin, a ligand of β 3-integrin, is maximally 
expressed around the time of the “implantation window”. Fertil 
Steril. 2001; 76(4): 775-781.

36. Girotti M, Zingg HH. Gene expression profiling of rat uterus at differ-
ent stages of parturition. Endocrinology. 2003; 144(6): 2254-2265.

37. Cardozo E, Pavone ME, Hirshfeld-Cytron JE. Metabolic syndrome 
and oocyte quality. Trends Endocrinol Metab. 2011; 22(3): 103-109.

38. Takemoto M, Yokote K, Yamazaki M, Ridall AL, Butler WT, Matsu-
moto T, et al. Enhanced expression of osteopontin by high glucose: 
involvement of osteopontin in diabetic macroangiopathy. Ann N Y 
Acad Sci. 2000; 902: 357-363.

39. Zhang SJ, Wang JP. Effect of pioglitazone on renal osteopontin 
expression in diabetic rats. Journal of Chinese Pharmaceutical Sci-
ences. 2013; 48(6): 441-445.

40. Zhang S, Xu H, Yu X, Wu Y, Sui D. Metformin ameliorates diabetic 
nephropathy in a rat model of low-dose streptozotocin-induced dia-
betes. Exp Ther Med. 2017; 14(1): 383-390.

Hosseiny et al.



Original Article

298

Detection of Partial AZFc Microdeletions in Azoospermic 
Infertile Men Is Not Informative of MicroTESE Outcome
Azam Miraghazadeh, M.Sc.1, 2, Mohammad Ali Sadighi Gilani, M.D.3, Fakhredin Reihani-Sabet, M.Sc.2, 
Azadeh Ghaheri, Ph.D.4, Parnaz Borjian Boroujeni, M.Sc.2, Mohammadreza Zamanian, M.D., Ph.D.2*

1. Department of Molecular and Cellular Sciences, Faculty of Advanced Sciences and Technology, Science 
and Research Branch, Islamic Azad University, Tehran, Iran

2. Department of Genetics, Reproductive Biomedicine Research Center, Royan Institute for Reproductive 
Biomedicine, ACECR, Tehran, Iran

3. Department of Andrology, Reproductive Biomedicine Research Center, Royan Institute for Reproductive 
Biomedicine, ACECR, Tehran, Iran

4. Department of Epidemiology and Reproductive Health, Reproductive Epidemiology Research Center, 
Royan Institute for Reproductive Biomedicine, ACECR, Tehran, Iran

Abstract 
Background: Microdeletions of the Yq chromosome are among the most frequent genetic etiological factor of male 
infertility which spans the azoospermia factor regions (AZFa, AZFb and AZFc). Microdeletions are mostly seen in 
the AZFc region and usually cover genes actively involved in spermatogenesis. Partial AZFc microdeletions may 
also occur with various spans, namely gr/gr, b2/b3 and b1/b3. It is known that the outcome of microtesticular sperm 
extraction (TESE), the surgical process for sperm retrieval from the testis in infertile azoospermic men, may be pre-
dicted based on the type of AZF microdeletion. We therefore aimed to evaluate the correlation between partial AZFc 
microdeletions and microTESE results. 

Materials and Methods: In this cross-sectional study, 200 infertile azoospermic men referred to the Royan Institute 
were examined for the presence of partial AZFc microdeletions before undergoing microTESE. Partial AZFc micro-
deletions were detected by multiplex polymerase chain reaction (PCR) of seven different sequence-tagged site (STS) 
markers. The data were analyzed with the Chi-square test.  

Results: Among the 90 patients (45%) with a positive microTESE outcome, 9 (10%) showed a partial microdeletion 
in AZFc region. Of the 110 (55%) patients with a negative microTESE outcome, 7 (6.3%) had an AZFc partial micro-
deletion. With respect to the span of the microdeletions, among the 200 patients, 11 (5.5%) were gr/gr and 5 (2.5%) 
were b2/b3. Statistical analysis showed no significant difference between the patients with and without partial AZFc 
microdeletions with respect to microTESE outcome.

Conclusion: Partial AZFc microdeletions is not a predictor of microTESE outcome in azoospermic men.
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Introduction 
Infertility, defined as the failure to conceive after one 

year of regular intercourse, is caused by male factors in 
15% of cases (1, 2). Genetic factors play a role in  at least 
10% of male infertility cases, of which chromosomal dis-
orders and Y chromosome microdeletions are the most 
prevalent (3). The azoospermia factor (AZF) region is lo-
cated on the long arm of Yq and contains important genes 
involved in the process of spermatogenesis. Microdele-
tions in the AZF regions (a, b and c) usually lead to azoo-
spermic/severe oligospermic male infertility (4). 

AZFc is the most common Yq microdeletion (5) span-
ning about 3.5 Mbp of Yq and is divided into three smaller 
subcategories of partial microdeltions, namely gr/gr, b2/
b3 and b1/b3 (6, 7). In the classic AZFc microdeletion 
(b2/b4), four copies of DAZ are removed leading to sper-
matogenic failure (5). The gr/gr deletion, the most fre-
quent partial AZFc deletion, removes around half of the 
b2/b4 region and may be clinically presented by various 
phenotypes based on ethnic and geographic origin (8-10). 
The b2/b3 and b1/b3 partial deletions are rare and have 
been studied less often (11, 12).
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The chance of sperm retrieval during surgical or mi-
crosurgical procedures such as testicular sperm extrac-
tion (TESE), known as microTESE, may be predicted 
if there is a microdeltion in the AZF region (13). This 
chance is virtually zero in cases with AZFa and AZFb, 
however, in AZFc microdeltion carriers, this may in-
crease to more than 50% (14). Since there was no pre-
vious report on the chance of sperm retrieval in men 
with AZFc partial microdeletions, we first determined 
the frequency of such deletions in a cohort of azoo-
spermic/severe oligospermic men and then assessed its 
relationship with microTESE outcome.

Materials and Methods
This cross-sectional study was conducted during 2013-

2014. A total of 200 infertile men with azoospermia/severe 
oligospermia, as candidates for microTESE surgery at the 
Royan Infertility Center, were included. The study was ap-
proved by the Ethics Committee of the Royan Institute (IR.
ACECR.ROYAN.REC.1395.1) and written consent was 
obtained from the patients. The patients were checked for 
AZF full microdeletions and reported as normal based on the 
EAA/EMQN best practice guidelines for molecular diagno-
sis of Y-chromosomal microdeletions (13). Infertile patients 
with obstructive azoospermia, varicocele, cryptorchidism, 
endocrine problems, history of chemotherapy or radiotherapy 
and abnormal karyotype were excluded from the study. Mi-
croTESE candidates were then checked for the presence of 
AZFc partial microdeletions. 

PAXgene Blood DNA kit (Qiagene, Germany) and 

the salting out method were used for DNA extraction. 
Quality and concentration of extracted DNA from pe-
ripheral blood was checked by Nanodrop Spectropho-
tometer 2000 (Thermo Scientific, USA). AZFc partial 
deletions were analyzed using multiplex polymerase 
chain reaction (PCR) of seven sequence-tagged site 
(STS) markers as previously described (7). In brief, 
STS markers for each AZFc subregion (gr/gr, b2/b3 
and b1/b3) were selected and specific primers with pre-
determined products size were designed (Table 1). Two 
multiplex PCR reactions  (A and B) were prepared by 
mixing 0.5 µl of 10 mM dNTP mix (Bioron Germany), 
0.3 µl of Taq DNA polymerase (Bioron, Germany), 
0.55 µl of  15 mM MgCl2 and 0.25 µl of 10 pM for-
ward and reverse primers in a total volume of 25 µl. 
For mix A, the PCR cycling conditions were 94˚C for 
4 minutes, 40 cycles of 94˚C for 30 seconds, 64˚C for 
40 seconds and 72˚C for 45 seconds and a final exten-
sion at 72˚C for 10 minutes. For mix B, the annealing 
temperature was set at 41˚C. Mix A contained primers 
for the 1191, 1291 and 1258 STS markers while mix B 
contained primers for STS markers 1161, 1197, 1206 
and 1201. DNA from healthy male and female controls 
were used as internal positive and negative controls. 
The PCR products were separated on 3% agarose gels 
stained with Sybr green (ABM, Germany). 
Statistical analyses were performed using SPSS 18.0 statis-
tical software (SPSS, Inc., Chicago, IL, USA). Continuous 
variables were analyzed using the independent sample t test 
and categorical variables were analyzed using chi-square 
test. P<0.05 was considered statistically significant.

Table 1: The sequence-tagged site (STS) markers included in each multiplex polymerase chain reaction (PCR) mix. Each marker and 
its relationship to azoospermia factor c (AZFc) subregions, its related primer set and product size are shown

Product size (bp)Primer sequence (5ˊ-3ˊ)b1/b3gr/grb2/b3b2/b4Marker
435F: TCATTTGTGTCCTTCTCTTGGA_+++SY1197Mix A

R: CTAAGCCAGGAACTTGCCAC
330F: CGACACTTTTGGGAAGTTTCA_+++SY1161

R: TTGTGTCCAGTGGTGGCTTA
677F: CCGACTTCCACAATGGCT ++++SY1201

R: GGGAGAAAAGTTCTGCAACG
394F: ATTGATCTCCTTGGTTCCCC+++_SY1206

R: GACATGTGTGGCCAATTTGA

385F: CCAGACGTTCTACCCTTTCG _+__SY1191Mix B
R: GAGCCGAGATCCAGTTACCA

527F: TAAAAGGCAGAACTGCCAGG__+_SY1291
R: GGGAGAAAAGTTCTGCAACG

930F: AACCCCATCTCTAGCAAAAATATG++++SY1258
R: TAGGTGACAGGGCAGGATTC
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Results
Demographic characteristics of the patients including 

age and hormonal profile are summarized in Table 2. Of 
the 200 infertile men, 90 cases had a successful micro-
TESE. In assessing partial AZFc deletions, we identified 
11 cases of gr/gr and 5 cases of b2/b3 microdeletions 
among all cases, however, no b1/b3 partial AZFc micro-
deletion was identified. In samples with a gr/gr deletion, a 
527 bp PCR product representing the sY1291 STS marker 
was missing while those carrying b2/b3 deletions lacked 
a 385 bp product for the sY1191 STS marker (Fig.1). We 
detected partial AZFc deletions in 9 and 7 cases among 
successful and failed microTESE groups respectively 
(Table 2). There was no statistically significant difference 
in the frequency of AZFc partial deletions between suc-
cessful and failed microTESE groups (Fig.2). For gr/gr 
deletion the frequencies were 8% and 3.6% for successful 
and failed groups respectively. Finally, for b2/b3 deletion, 
we detected a frequency of 2.2% in successful group for 
sperm retrieval versus 2.7% in failed group (Table 3). 

Fig.1: Results for multiplex polymerase chain reaction (PCR). A. Mix A, the 
band sizes match the relevant sequence-tagged site (STS) markers. No de-
letion was detected in three samples and B. Mix B, sample 6 is showing a 
missing band for sY1291 which is representative for a gr/gr deletion while 
sample 10 has a missing band for sY1191 which is indicative of a b2/b3 
deletion in the azoospermia factor c (AZFc) region.

Fig.2: Partial azoospermia factor c (AZFc) microdeletions in infertile men with 
micro testicular sperm extraction (TESE) surgery. A. Percentage of gr/gr dele-
tions. Comparison showed no significant difference (P=0.201) in those with suc-
cessful micro TESE compared to those with failed surgery and B. Percentage 
of b2/b3 microdeletion. Also no significant difference was detected between 
those with and without sperm retrieval during micro TESE surgery (P=0.82).

Table 3: AZFc partial deletions in infertile men based on microTESE outcome. The 
number and percentage of AZFc partial deletions in each category are shown

     AZFc partial deletion
Totalb2/b3gr/grnMicro TESE result
9 (10%)2 (2.2%)7 (8%)90Successful
7 (6.4%)3 (2.7%)4 (3.6%)110Failed
0.3460.8200.201-P value
16 (8%)5 (2.5%)11 (5.5%)200Total

AZF; Azoospermia factor and TESE; Testicular sperm extraction.

Partial AZFc Microdeletion and MicroTESE Outcome

Table 2: The clinical characteristics of infertile men

Testosterone
(mg/mL)

LH 
(mIU/mL)

FSH 
(mIU/mL)

Age 
(Y)

Patients groups

3.86 ± 4.9511.4 ± 8.2022.87 ± 17.0539.19 ± 6.6TESE positive
n=90

3.59 ± 1.9715.12 ± 10.6624.71 ± 15.6139.22 ± 6.22TESE negative
n=110

Values are mean ± SEM (P=0.974, P=0.431, P=0.006, P=0.627, respectively). FSH; Follicle-stimulating hormone, LH; Luteinizing 
hormone, TESE; Testicular sperm extraction. Normal ranges: FSH:  2-10 mIU/mL, LH: 1.0-9.5 mIU/mL, Testosterone: >2.4 mg/mL. 
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Discussion
Infertile men with azoospermia/severe oligospermia 

are usually selected for sperm retrieval surgeries such as 
microTESE for further assisted reproductive technology 
(ART) procedures. It is usually recommended to deter-
mine AZF microdeletions before surgery to predict the 
chance of microTESE success (13). For cases carrying 
AZFa and AZFb microdeletions, this chance is consid-
ered as virtually zero while for those with AZFc dele-
tions it can reached up to 50% (15). In AZFc cases, there 
is also a chance for transmission of infertility to the male 
offspring (2). 

Previous reports on the importance of AZFc partial 
deletions such as gr/gr and b2/b3 are controversial and 
seemingly due to ethnic heterogeneity and differences in 
genetic backgrounds (7-12). Ferlin et al. (7) reported the 
gr/gr deletion as a risk factor in infertile men of a Cauca-
sian population. In a study on the Sri Lankan population, 
the gr/gr deletion frequency was reported as equal (4.2%) 
in both fertile and infertile groups and therefore found 
not to be associated with spermatogenesis (16). On the 
contrary, Eloualid et al. (11) and choi et al. (17) reported 
contributory effects on spermatogenesis for b2/b3 and gr/
gr deletions in other populations. 

Giachini et al. (18, 19) examined infertile Italian men 
and detected a higher frequency for the gr/gr deletion in 
the oligo/azoospermic group but found no difference for 
the b2/b3 deletion. Furthermore, in a previous study on 
100 Iranian infertile men, the gr/gr deletion was linked to 
spermatogenic failure (20). In contrast, Stahl et al. (10) 
emphasized that the gr/gr deletion is not an appropriate 
factor for predicting impaired spermatogenesis. There-
fore, effects of partial AZFc microdeletions on spermato-
genesis as well as the chance for sperm retrieval during 
microTESE has remained inconclusive. Given that most 
of these studies had relatively small sample sizes, we ex-
amined this association on a relatively larger sample set 
of 200 patients. The frequency of AZFc partial deletions 
for patients with successful and failed microTESE out-
come were 10% and 6.4% respectively, further question-
ing the association, similar to some previous studies (10, 
16, 21) who reported a lack of association between AZFc 
partial deletions and spermatogenic failure. No significant 
difference was also observed when gr/gr and b2/b3 de-
letions were considered separately. In present study, one 
major limitation is the relatively small sample size which 
could limit the statistical power and be the reason for the 
absence of significant relationship between micro TESE 
results and AZFc microdeletions. In addition to a bigger 
sample size, it is recommended to consider gene content 
in partial AZFc deletions in future studies.   

Conclusion
We found no evidence for partial AZFc microdeletion in-

fluencing outcome of sperm extraction during microTESE. 
A larger association study may reveal the diagnostic value 
of such deletions in men who are candidates for microTESE.
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Abstract 
Background: Assessing the net-results of microsurgical varicocelectomy in infertile men with non-obstructive azoosper-
mic (NOA) and clinical varicocele in five years at Royan Institute.

Materials and Methods: This is a descriptive retrospective cohort study. A backward-looking review of patients 
treated for NOA and varicocele  from march 2011 to march 2016 was performed. In addition, MDTESE results of 57 
patients with NOA and clinical varicocele, with 537 NOA patients without varicocele were compared.

Results: Of 57 patients who underwent varicocelectomy, eight patients (14%) had sperm on sperm analysis post-opera-
tively. One of the eight patients was single, and one of them had spontaneous pregnancy (1/7) 14%, and one had a child 
by microinjection (1/7) 14%. Out of these 8 patients, 6 had hypospermatogenesis pathology. Of 38 patients who under-
went MDTESE, 14 patients (36%) had sperm on their testis tissues, but one of them had no egg fertilization. Therefore, 
the fertilization rate was (92%). Of the remaining 13 patients, 3 had live child birth (3/13) 23%. Sperm retrieval rate 
(SRR) in NOA men without clinical varicocele was lower from those who had varicocele and NOA (22 vs. 36%). Also 
live birth rate in NOA men with varicocelectomy was higher than NOA men without varicocele (23 vs. 11%).

Conclusion: Microsurgical varicocelectomy in NOA men may have positive effects on post-operative sperm in ejacu-
late and natural or assisted pregnancies, but it seems that the effect is more significant on MDTESE results and follow-
ing successful microinjection. Meanwhile, SRR and live birth rate was higher in our patients compare to NOA men 
without clinical varicocele.
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Introduction 
Once infertile men with non-obstructive azoospermic 

(NOA)  had no other options than adopting a child or us-
ing sperms of a donor to father a child, however, nowa-
days they are provided with other alternatives, which are 
given to them by the introduction of sperm retrieval from 
their testis and then entering an Intracytoplasmic sperm 
injection (ICSI) cycle (1).

Varicocele, that is associated with a progressive decline 
in testicular function, occurs in about 15% of total male 
population, 35% of men with primary infertility and be-
tween 75 to 81% of men with secondary infertility (2).

As a treatment, varicocelectomy improves both sper-

matogenesis and the function of Leydig cells (2). Moreo-
ver, it has been broadly reported that the density and the 
motility of sperms has improved in OAT patients after 
varicocelectomy. Nevertheless, the value of varicocelec-
tomy is still arguable in men with azoospermia (1).

In previous studies the effects of varicocelectomy in 
these patients were shown to be less significant (1) but 
in recent studies better results have been reported for 
varicocelectomy in NOA patients (3-5). Therefore, sev-
eral questions occur regarding sperm in the ejaculate of 
NOA males who will undergo varicocelectomy proce-
dure. These questions include: are these couples able to 
have natural or assisted pregnancies while avoiding the 
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need for TESE? Does varicocelectomy in these groups of 
patients improve SRR with MDTESE? How are the  MD-
TESE results of these groups of patients with NOA males 
without varicocelectomy compared?

The present study aimed to assess the net-result of mi-
crosurgical varicocelectomy in infertile men with NOA 
with clinical varicocele in the past five years at Royan 
institute.

Materials and Methods
This is a retrospective cohort study. A backward-look-

ing review of patients treated for NOA and palpable vari-
cocele in Royan institute from March 2011 to March 2016 
was performed. 

57 men with NOA and clinical varicocele in their physi-
cal examination have been reviewed. Known cases of ob-
structive azoospermia, non-palpable varicocele, female 
factor infertility and genetic abnormalities like klinefelter 
syndrome and Y-chromosome microdeletion were ex-
cluded from the study.

The cases of varicocele were identified by scrotal exam-
inations performed by expert surgeons with the patients in 
standing position and during valsalva’s manoeuvre. The 
disease was categorized in 3 grades: grade 1 if it was pal-
pable just during the maneuver, grade 2 if it was palpable 
without the maneuver and grade 3 if it was visible.

All patient charts were also reviewed for age, infertil-
ity duration, postoperation complications, testis volume, 
follicle-stimulating hormone (FSH), luteinizing hormone 
(LH), testosterone (T), testicular sonographic findings, 
genetic abnormalities, testicular biopsy results, sperm in 
ejaculate, MDTESE, fertilization rate, pregnancy  and de-
livery rate.

In order to stay away from retrieval of testicular sperm, 
all NOA patients who underwent microsurgical varicoce-
lectomy in Royan institute were inspected to find out if 
these patients had enough sperm in ejaculate postopera-
tively. Also, both assisted and unassisted pregnancy rates 
were evaluated using postoperative ejaculated sperm.

In addition, we have evaluated the MDTESE results in 
these patients and reviewed their fertilization, pregnancy 
and delivery rates.

Finally, we have compared the results of our 57 patients 
with NOA and clinical varicocele to 537 NOA patients 
without varicocele. All paitents in our study had been 
treated in Royan institute.

Statistical analysis
For categorical and continuous variables data was re-

ported in forms of proportions and mean ± SD, respec-
tively. Pearson chi-square tests and Student’s t test were 
used to assess differences between baseline demographic 
and clinical characteristics. Since the sample size was 
small and data had several unbalanced and highly predic-
tive risk factors (complete separation or quasi separation 

problems), multiple logistic regression model was per-
formed using firthlogit to examine possible association 
between the outcome of interest (sperm retrieval) and 
microdissection TESE. The presence of the problem men-
tioned above in logistic regression models can result in 
bias in odds ratio (OR) estimates away from 1. Firthlogit 
command did not use maximum log likelihood but penal-
ized log likelihood instead to reduce bias. All data analy-
sis was completed using stata version 14 (STATACorp, 
College Station, TX).

Results
For the 57 patients who were enrolled in our study 

from March 2011 to March 2016, the mean duration of 
infertility was 4.29 ± (3.97) years (range 1-12) and the 
mean testicular volume values were 17.36 ± (6.39) cc 
(range 3.2-31).

40 patients treated for varicocelectomy had karyotype 
analysis and azoospermia factor (AZF) microdeletion  in 
their charts and their karyotypes were NL 46XY and no 
one had microdeletion. 

Of the 57 patients, 8 (14.03%) acquire  motile sperms in 
a postoperative sperm  analysis. Of these 8 patients, 6 had 
hypospermatogenesis, 1 had maturation arrest and 1 had 
sertoli only syndrome (SOS) in histopathology.

One of the patients was single, and one of them had 
spontaneous pregnancy (1/7) 14%, and one had children 
through microinjection (1/7) 14%.

Microdissection TESE was applied to 38 (66.7) NOA 
patients, who had negative sperm postoperatively (Table 
1). The mean interval between varicocelectomy and mi-
croTESE was 13.7 months (range 3 to 17).  Prior to opera-
tion varicocele grades were 1, 2, and 3 in 8 (21.05%), 16 
(42.1%) and 14 (36.84%) of these patients, respectively. 
Of 38 patients who underwent MDTESE, 14 (36.8%) had 
sperm in their testis tissues. Of these 14 patients, 8 had 
maturation arrest, 3 had hypospermatogenesis and 3 had 
SOS in their biopsies. In addition, of these 14 patients one 
had no egg fertilization, therefore,  the fertilization rate 
was 13 (92%).

A total of 530 patients with NOA without varicocele 
were selected as the control group. Characteristics of 
the control group are described in Table 1. The mean ± 
SD patient age was 33.84 ± (7.27) years for the cases 
and 34.10 ± (6.35) years for the controls (P=0.810). 
The controls had a significantly higher FSH [22.48 ± 
(14.47)] (mIU/mL) compared to the case group [17.50 
± (16.65)] (P=0.05). Base on other laboratory param-
eters, no significant difference was observed between 
these two groups.

Sperm retrieval rate by MDTESE in the cases and the 
control groups were 14/38 (36.8%) and 119/530 (22.3%), 
respectively (OR=2.03, 95% CI: 1.01-4.05, P=0.041). 
The live birth rate in the cases and the control groups was 
21.42% (3 of 14 cases) and 11.7% (14 of 119 controls), 
respectively (OR=2.21, 95% CI: 0.59-8.14, P=0.219).

Varicocelectomy Results In NOA Men
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Table 1: Characteristics of patients

P valueControlsCasesParameter
0.81034.10 ± 6.3533.84 ± 7.27Age (Y)
0.0522.48 ± 14.4717.50 ± 16.65FSH (mIU/mL)
0.7438.84 ± 7.188.44 ± 6.80LH (mIU/mL)
0.4773.48 ± 2.233.20 ± 2.38Testosterone (ng/ml)
0.410119(22.3)14(36.8)SRR
0.21914(11.7)3(21.42)Live birth rate

Values given as mean ± SD, or n(%) unless otherwise indicated. FSH; Follicular stimulat-
ing hormone, LH; Luteinizing hormone, and SRR; Sperm retrieval rate.

Discussion
While the impact of varicocelectomy has been widely 

considered in oligoasthenoteratozoospermia (OAT) pa-
tients, this surgical procedure’s benefit in patients with 
NOA is limited and still arguable.

Tulloch was the first who studied the importance of 
varicocelectomy for treatment of NOA in 1952 (6). After 
that, many studies investigated the effect of this surgical 
procedure on NOA patients.

From  57 patients who underwent varicocelectomy at 
Royan institute, eight patients (14%) had sperm on sperm 
analysis postoperatively and only one of the patients 
had spontaneous  pregnancy. So in terms of postopera-
tive sperm in ejaculate the effect of varicocelectomy in 
our patients was little, and this result was nearly the same 
as the findings of the study by Shlegele et al. (22%) (1). 
Other studies have reported variable results from 34 to 
44% (3-5).

So far, studies report testicular histology as one of the 
most important predictor factor outcomes (7-9). Our data 
support this as the most histopathological predictor of 
postoperative sperm in the ejaculate was hypospermato-
genesis: from 8 patients who had achieved motile sperm 
postoperatively, 6 had hypospermatogenesis.

Sperm retrival rate by MDTES was (36/8%) in NOA 
men with varicocelectomy compared to (22%) in NOA 
cases without varicocele. Therefore, varicocelectomy in 
NOA men with varicocele may improve the chance of 
SRR compared to NOA men without varicocele.

Live birth rate/embryo was 21% in our patients in com-
parison with 11% in NOA without varicocele.

Conclusion
According to our current data, we suggest that micro-

surgical varicocelectomy in NOA patients may have posi-
tive effects on postoperative sperm in the ejaculate and 
spontaneous or assisted pregnancies, but it seems that this 
effect is more significant on MDTESE results when fol-

lowing successful microinjection. Meanwhile, SRR and 
live birth rate were higher in our patients compared to 
NOA males without clinical varicocele. The most histo-
pathologic finding in microTESE-positive patients was 
maturation arrest, which shows the need of MDTESE for  
sperm retrieval  in such patients.

Thus, varicocelectomy is a key factor in NOA patients 
to increase the likehood of SRR in MDTESE. Neverthe-
less, studies with a larger population and a longer follow-
up period are needed in order to prove MDTESE benefits 
in these patients. 
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Abstract 
Background: Human papillomavirus (HPV) is a DNA virus that causes sexually transmitted infections (STI). Recent 
reports suggest that HPV may affect sperm parameters and lead to male infertility. This study aims to evaluate the cor-
relation between seminal high-risk HPV infection and impairment of sperm quality in infertile Iranian men.

Materials and Methods: In this case-control study, we collected fresh semen samples from 70 fertile men and 70 
confirmed infertile men who referred to Yazd Infertility Centre in 2015. Semen analyses were performed according to 
the World Health Organization (WHO) guidelines. High-risk HPV DNA was detected by real-time polymerase chain 
reaction (PCR). 

Results: A total of 140 subjects participated in the current study. Among 70 confirmed infertile males, only 8 (11.43%) 
cases tested positive for high-risk HPV and all fertile men were HPV-negative. This data revealed a significant asso-
ciation between high-risk HPV and male infertility (P=0.03). The percentage of normal sperm morphology and sperm 
motility rate significantly declined in men infected with HPV (P<0.001). 

Conclusion: There was a significantly higher prevalence of high-risk HPV in infertile men than fertile men. HPV 
infection seemed to be a risk factor for male infertility. Additional, larger studies should be conducted to confirm the 
impact of HPV on male infertility.
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Introduction 
Human papillomavirus (HPV) infection is caused by a 

DNA virus and it is considered the most common sexu-
ally transmitted disease (STD) worldwide (1). Currently, 
over 150 different HPV genotypes have been identified 
and classified as low-risk or high-risk according to onco-
genic potential of the virus (2, 3). Low-risk HPVs mostly 
cause self-limited infections such as skin warts and are 
not usually associated with neoplasia (4). High-risk types 
of HPV are strongly linked to several cancers in both men 
and women (5). HPV is responsible for 630,000 new can-
cer cases per year worldwide and accounts for 0.8% of all 
cancers in men and 8.6% in women (6).

HPV may be found anywhere in the male reproductive 
tract such as external genitalia, epididymis, vas deferens, 
and urethra (7). Although HPV can infect the semen, its 
role as a direct cause of infertility is not clear (8). 

Sexually active couples who cannot achieve pregnancy 
after one year are considered infertile. According to this 
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definition, approximately 15-20% of couples are infertile. 
Despite the available advanced diagnostic methods, ap-
proximately 20-35% of infertile men have unexplained 
infertility (9). Approximately 6-10% of male infertility is 
due to male genital tract infections. 

Evidence suggests that sexually transmitted infections 
(STI) such as Treponema pallidum, Chlamydia trachoma-
tis, and Neisseria gonorrhoeae can lead to reduced fertil-
ity or infertility. Sexually transmitted viral infections that 
include herpes simplex virus (HSV), cytomegalovirus 
(CMV), and human immunodeficiency virus (HIV) also 
alter semen parameters and fertility. 

In addition, HPV has been recently considered as an in-
fectious agent that affects fertility (10). Several studies 
have reported that HPV virions can bind to the head of 
sperm and directly reduce its motility (11). It has been 
suggested that HPV infections might be linked to unex-
plained infertility in men. In addition, a significant cor-
relation between seminal HPV DNA infection and lower 
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total sperm count has also been reported (12). 
The prevalence of sperm infection by HPV is reported 

to be 2-31% in the general male population and 10-35% 
in men with unexplained infertility (13). Some stud-
ies have indicated a significant relationship between 
seminal HPV infection and sperm quality. On the other 
hand, other studies have not found a significant asso-
ciation between abnormal sperm parameters and HPV 
infection in infertile men (9, 14). Therefore, the effect 
of HPV infection on impaired sperm quality and male 
infertility is debatable. A few studies have sought to 
determine the impact of HPV on fertility in Iran, with 
inconsistent results (14, 15). The current study aimed 
to determine the correlation between seminal high-risk 
HPV infection and impairment of sperm quality in in-
fertile Iranian men in an attempt to increase informa-
tion about the possible effect of HPV infection on al-
terations of male fertility.

Materials and Methods
We conducted this case-control study on 70 infertile 

male patients and 70 confirmed fertile males who re-
ferred to Yazd Infertility Center in 2015. The Ethics 
Committee of Shahid Sadoughi University of Medi-
cal Sciences, Yazd, Iran approved this study (IR.SSU.
MEDICINE.REC.1393.130) and all participants signed 
the study informed consent form. The major inclusion 
criterion of the case group was infertility after at least 
one year of unprotected sexual intercourse. The main 
exclusion criteria of the case group were as follows: 
chromosome abnormalities, azoospermia, undescended 
testis, and history of orchitis or varicocele. In addition, 
we excluded men whose spouses had histories of uter-
ine and ovarian disorders. The control group included 
fertile men who had at least one child. The exclusion 
criterion of the control group was the presence of geni-
tal warts. The semen samples were collected and al-
lowed to liquefy for 1 hour at 37°C. The spermogram 
was carried out for every specimen to determine semen 
parameters such as total sperm number, sperm motility, 
and morphology according to the World Health Organi-
zation (WHO) guidelines. Semen samples were imme-
diately stored at -20°C until nucleic acid extraction and 
HPV detection.

DNA extraction and human papillomavirus detection 
The semen samples were centrifuged at 2500 rpm for 

10 minutes. The supernatants were removed, and the 
pellets were transferred to Eppendorf tubes. DNA ex-
traction was performed with a RIBO-prep Extraction Kit 
(AmpliSens, Russia) according to the manufacturer’s 
instructions. High-risk HPV types 16, 18, 31, 33, 35, 
39, 45, 51, 52, 56, 58, and 59 were detected using the 
AmpliSens® HPV HCR Screen-titre-FRT kit (AmpliS-
ens, Russia) based on multiplex real-time polymerase 
chain reaction (PCR). The real-time PCR assays were 
performed using an ABI Step One Plus system (Applied 

Biosystems, Foster City, CA, USA). The reaction mix-
ture in a total volume of 25 μl contained 10 μl of ex-
tracted DNA and 15 μl of the master mix according to 
the kit instructions. The conditions for real-time PCR as-
say consisted of an initial denaturation phase at 95ºC for 
15 minutes followed by 60 cycles at 95ºC for 5 seconds, 
annealing at 60ºC for 20 seconds, and extension at 72ºC 
for 15 seconds.

Statistical analysis

General descriptive data of fertile and infertile men and 
the values of sperm parameters were presented as mean ± 
SD. Data were analysed using Stata statistical software, 
version 14 (StataCorp LLC, College Station, TX, USA). 
Univariate and multivariate logistic regression analysis 
were used for comparison of participant characteristics 
and sperm parameters between infertile and fertile men. 
Penalized logistic regression model with data augmenta-
tion was performed to compare the frequency of high-risk 
HPV DNA between infertile and fertile men (16). We 
compared the sperm parameters in infertile men between 
the HPV-positive and HPV-negative group using the in-
dependent samples t test. P<0.05 were considered statisti-
cally significant.

Results

A total of 140 men with an average age of 32.74 ± 5.21 
years participated in the study. Table 1 summarizes the 
characteristics and sperm parameters for the fertile and in-
fertile men. Data analysis according to logistic regression 
showed no statistically significant difference in fertility 
between smokers and nonsmokers (P=0.42). In addition, 
the results in Table 1 showed no significant correlation 
between education, length of marriage, and male infer-
tility (P>0.05). Sperm parameters that included counts, 
total motility, progressive motility, and normal morphol-
ogy rate in infertile men were significantly lower than the 
fertile group (Table 1, P<0.05). Overall, the prevalence 
of high-risk HPV DNA infection in semen was 5.7%. 
Among 70 subjects in the case group, 8 (11.43%) men 
were HPV positive. None of the men in the control group 
had any HPV infection. 

Penalized logistic regression analysis via data aug-
mentation revealed a significant association between 
high-risk HPV infection and male infertility (Table 1, 
P=0.03). The probability of fertility in high-risk HPV-
positive men was 90% less than those not infected with 
HPV [odds ratio (OR): 0.1, 95% confidence interval 
(CI): 0.01-0.82]. In the case group (infertile men), sperm 
motility, progressive motility and percentage of normal 
sperm morphology of the HPV-positive subjects showed 
statistically significant decreases compared with HPV-
negative cases (Table 2). Sperm concentration in the in-
fertile men infected with HPV was lower than the HPV 
negative group, but this difference was not significant 
(Table 2, P=0.41).

Moghimi et al.
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Table 2: Comparison of sperm parameters between infertile men infected 
with HPV and the HPV-negative group

P valueaHPV negativeHPV positiveSperm parameters
0.4160.71 ± 30.3951.38 ± 29.29Sperm count 

(million/ml)
0.0432.21 ± 13.9023.50 ± 13.50Sperm motility (%)
<0.0016.79 ± 5.080.63 ± 1.77Sperm progressive 

motility (%)
<0.00115.18 ± 11.837.13 ± 2.64Normal sperm 

morphology rate (%)
Sperm parameters are presented as mean ± SD. HPV; Human papillomavirus and  
a; Pvalue obtained by independent samples t test.

Discussion
The effect of HPV on sperm quality and male infertil-

ity is controversial. Results of the current study have in-
dicated that seminal high-risk HPV in infertile men was 
higher than in the fertile men, and it could impair sperm 
quality. These data suggested a possible role for HPV in 
male infertility. We found an HPV infection prevalence 
of 11.43% in semen of men who suffered from infertility. 
Previous studies have also reported a prevalence of HPV 
in infertile men that ranged from 10 to 30% (13). The few 
studies conducted on infertile men in Iran have estimated 
the HPV prevalence to be approximately 25 to 30% (15). 
The difference in prevalence might be due to the use of 
different diagnostic tests to detect HPV. 

Some STI impair semen quality by inducing epididymi-
tis, orchitis or urethritis (12, 17). The mechanism by 
which HPV affects sperm quality is still poorly under-
stood. In the current study, HPV decreased significantly 
total sperm motility and progressive motility. Previous 
studies on sperm parameters in relation to HPV infection 
reported conflicting findings. A few studies have report-
ed enhanced motility and progression in HPV-exposed 
sperm (18, 19). Bezold et al. (12) demonstrated that HPV 
infection in asymptomatic men was associated with low 
sperm quality and changes in progressive motility. Con-

sistent with our finding, the majority of previous studies 
observed reduced sperm motility in men infected with 
HPV (20-22). In contrast, other studies have shown no 
association between HPV infection and sperm quality pa-
rameters (17). A study conducted in Iran has also found 
a significant relationship between HPV and alteration in 
sperm motility (15). These contradictory results might be 
attributed to differences in sample size and sensitivity of 
HPV detection methods.

In the present study, the normal sperm morphology rate 
in HPV-positive cases significantly decreased compared 
with its rate in HPV-negative men. Several studies re-
ported no difference in sperm morphology between HPV-
infected and noninfected infertile men (17). The studies 
conducted in Iran also have not found a significant rela-
tionship between HPV and abnormal sperm morphology 
(12, 13). The relationship between HPV and its negative 
impact on sperm morphology remains poorly understood, 
but it could be due to binding of HPV to the spermatozoa 
head (23). Yang et al. (7) found that abnormal morphology 
of sperm clearly increased in HPV-infected individuals.

In this study, high-risk HPV infection did not signifi-
cantly affect total sperm count in infertile men. Rintala 
et al. obtained similar results from infertile men infected 
with high-risk types of HPV (24). Unlike our result, Nas-
seri et al. (15) reported that HPV decreased sperm cell 
counts in infertile Iranian men. Several studies also re-
ported a significant relationship between the lower total 
sperm count and HPV infection in semen (12, 14).

The limitation of our study included the absence of data 
on volume and pH of semen, which was not obtained in 
each semen analysis. However, most previous studies 
have not reported any connection between seminal HPV 
infection and alteration in these parameters (7, 17).

Conclusion
Taken together, the result of the present study indicated 

Table 1: Characteristics of participants and sperm parameters in the total study population

P valuea95% CIOR 
adjusted

Infertile men
n=70

Fertile men
n=70

Characteristics/parameters

0.991.23-2.361.631.88 ± 5.1833.61 ± 5.25Mean age (Y ± SD)

0.61
0.46
0.37
Reference

0.27-3.12
0.47-1.78
0.39-1.13
-

0.37
0.59
0.71
1

1 (0.7)
4 (2.9)
18 (12.9)
47 (33.6)

2 (1.4)
6 (4.3)
23 (16.4)
39 (27.8)

Education n (%)
Illiterate
Primary
Secondary
College

0.430.77-1.120.935.73 ± 4.465.96 ± 4Married period (Y) 
0.420.49-1.140.6823 (32.9)17 (24.3)Smoking (%)
0.0210.95-0.981.0159.64 ± 30.2193.50 ± 37.95Sperm count (million/ml)
0.0420.80-0.891.0531.21 ± 14.0459.39 ± 8.86Sperm motility (%)
0.0160.64-0.821.066.09 ± 5.2037.54 ± 17.08Sperm progressive motility (%)
0.0310.78-0.881.0314.26 ± 11.4540.10 ± 9.48Normal sperm morphology rate (%)
0.03b0.01-0.820.18 (11.43)0HPV DNA infection of semen

Data are presented as mean ± SD or n (%). HPV; Human papillomavirus, OR; Odds ratio, CI; Confidence interval, a; P value obtained by univariate and multivariate 
logistic regression analysis, and b; P value obtained by penalized logistic regression model via data augmentation.

Correlation between Seminal High-Risk HPV DNA and Sperm Quality
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that HPV could be a risk factor for male infertility. The 
prevalence of high-risk HPV in infertile men was signifi-
cantly higher than fertile men. HPV decreased sperm mo-
tility and normal morphology rate. Further, larger studies 
would be required to confirm the impact of HPV on male 
infertility. 
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Abstract 
Background: The objective of this study was to describe the association between luteinizing hormone (LH)/ 
follicle-stimulating hormone (FSH) ratio and demographic variables and maturation stage of oocytes in insulin-
resistant and insulin-sensitive patients with polycystic ovary syndrome (PCOS) in comparison with control 
group. 

Materials and Methods: In this case-control study, 60 patients with in vitro fertilization (IVF)/intracytoplas-
mic sperm injection (ICSI) indication were subdivided into 3 groups as follow: 20 subjects were assigned to 
control (fertile women with male infertility history) group, 20 subjects with PCOS were insulin resistant (IR) 
and 20 subjects with PCOS were insulin sensitive (IS). After puncture, retrieved oocytes were classified into 
metaphase II (MII) as mature and in metaphase I (MI) or germinal vesicle stage (GV) as immature. Regres-
sion analyses were used to explore the association between MII oocyte number and demographic and clinical 
variables. 

Results: LH/FSH ratio was significantly higher in PCOS-IR women compared to controls but not significantly dif-
ferent from that of PCOS-IS group. PCOS-IR women had lower MII oocyte number compared with that of controls. 
According to multiple regression analysis, the number of previous assisted reproductive technology (ART) cycles was 
negatively associated with the number of MII oocytes. 

Conclusion: Insulin resistance can be associated with reductions in MII oocyte number in patients with PCOS.
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Introduction 
Polycystic ovary syndrome (PCOS) is a common en-

docrine disorder in women of reproductive age, which is 
mostly associated with hyperinsulinemia, hyperandrogen-
ism and anovulatory infertility (1, 2). The prevalence of 
PCOS is 6-26% depending on differences in study popu-
lations background and the applied diagnostic criteria (3, 
4). 

Follicular arrest (FA) and dysregulation of paracrine ac-

tivity in follicles are noticeable ovarian signs in PCOS 
patients (5). Insulin plays an important role in regulating 
the response of human follicular cells to gonadotropins 
(6). Evaluation of the association between insulin resist-
ance and ovarian hyperstimulation syndrome (OHSS) 
revealed that hyperinsulinemia may lead to disruption of 
ovarian steroidogenesis, which in turn increases the secre-
tion of ovarian androgens by dysregulation of cytochrome 
P450c17α activity (7, 8). High levels of insulin can oc-
cupy the insulin-like growth factor-1 (IGF-1) receptors 
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therefore simulating and disturbing their function and 
subsequently resulting in hyperandrogenism (9).

Recently, it has been observed that insulin can modulate 
steroidogenesis through its own receptor. Moreover, in 
case of insulin resistance, the steroidogenesis appears to 
be preserved likely by various mechanisms of regulation 
of receptors receptivity in different tissue (10). In vitro 
studies using cultured pituitary cells have demonstrated 
that insulin increases the luteinizing hormone (LH) secre-
tion during the enhancement of pituitary responsiveness 
to gonadotropin releasing hormone (GnRH) (11, 12). Fur-
thermore, DiVall et al. (13) observed that increased insu-
lin receptor signaling in GnRH neurons of obese female 
mice, elevated GnRH pulsatile secretion and consequent 
LH secretion resulting in reproductive abnormality.

Excessive ovarian androgen production has also been 
implicated in the pathogenesis of PCOS. It has been pos-
tulated that hyperinsulinemia in case of insulin resistance, 
is associated with capacity of ovarian androgen produc-
tion (4, 5). Severe insulin resistance causes a compensato-
ry hyperinsulinemia, which stimulates ovarian androgen 
production in the presence of sufficient LH (14).

An in vitro study showed that insulin and IGF-I stim-
ulate androgen production in incubated human stroma 
and theca cells. In some women with insulin-resistance-
induced hyperandrogenism, an acute rise in circulating 
androgens may be induced by increases in glucose con-
centration. The effect of circulating androgen rise is de-
pendent on the amount of insulin secreted in response to 
glucose enhancement. These data suggest that hyperin-
sulinemia may play a central role in the development of 
ovarian hyperandrogenism (14). According to a previous 
study, insulin can induce steroid secretion (i.e. insulin acts 
as a co-gonadotropin) (15). Increased LH serum level and 
enhanced ratio of LH/follicle-stimulating hormone (FSH) 
are seen in many of PCOS patients. Frequent coexistence 
of elevated LH and increased insulin concentrations leads 
to more severe manifestations of PCOS manifestations 
(15, 16).

Folliculogenesis and oocyte maturation are complex pro-
cesses that require the action of both LH and FSH (17, 18). 
In PCOS patients high LH levels have been associated with 
significant decreases in oocyte maturation and fertilization 
rates, and impaired embryo quality (17, 19). Hyperinsuline-
mia may impair the competence of oocyte development. 
Subsequently, higher percentages of low-quality oocytes 
in PCOS may cause lower fertilization rates and decreased 
embryos quality that have been reported in PCOS patients 
compared to healthy women with assisted reproductive 
technology (ART) indication (18, 19).

In this study, we prospectively evaluated the associa-
tion between different factors [age, body mass index 
(BMI), number of previous ART cycle, and LH/FSH ra-
tio] and oocyte maturity in insulin-resistant and insulin-
sensitive women with PCOS in comparison with control 
group.

Materials and Methods
Patient selection

In this case-control study, each of 40 patient’s case seek-
ing assisted reproduction at Royan Institute from April 
2014 to January 2015 was analyzed. Written informed 
consent was obtained from all the participants. Ethics ap-
proval was obtained from the local Ethics committee of 
Royan Institute (no.EC/93/1138). PCOS patients were al-
located to one of the two groups formed based on the level 
of fasting insulin (FI): insulin resistant (PCOS-IR; FI≥12 
mg/dl) and insulin sensitive (PCOS-IS; FI<12 mg/dl). 
In control group, 20 women with regular menstrual cy-
cle without known diseases (i.e. fertile women with male 
infertility history) were included. Exclusion criteria were 
impaired thyroid, renal or hepatic function, congenital ad-
renal hyperplasia (CAH), endometriosis, premature ovar-
ian insufficiency (POI), functional hypothalamic amen-
orrhea (FHA), unexplained infertility (UI) and age>36 
years.

Stimulation protocol
In order to controlled induce ovarian stimulation (COS), 

daily subcutaneous injection of recombinant human FSH 
(rFSH, Gonal F®; Serono Pharma, Switzerland) was 
started from the second day of the cycle. Starting dose of 
rFSH was adjusted individually depending on patients re-
sponse measured by transvaginal ultrasonography, antral 
follicle count (AFC), levels of serum estradiol (E2) and 
AMH. A GnRH antagonist-cetrorelix (Cetrotide®, Mer-
ck Serono, Germany) was administered subcutaneously 
when at least two ovarian follicles reached 14 mm in di-
ameter. The protocol consisted of daily subcutaneous in-
jections of Cetrotide 0.25 mg, until the criteria for human 
chorionic gonadotropin (hCG) administration were met. 
For final oocyte maturation, when the dominant follicle 
reached ≥18 mm in diameter with the following two fol-
licles ≥16 mm and E2 levels between 1000-4000 pg/mL, 
an intramuscular  injection of 10.000 IU hCG (Pregnyl®, 
Organon, Holland) or subcutaneous  injection of 250 μg 
hCG (Ovitrelle®, Merck Serono, France) was given.

Oocytes retrieval

Oocyte Pick-up (OPU) was done using transvaginal 
ultrasound-guided follicle aspiration, 36 hours after hCG 
administration to collection tubes. Following OPU, cu-
mulus-oocyte complexes were washed several times in 
fertilization medium (G-IVF®, Vitrolife, Sweden) to re-
move blood and cell debris, and incubated for two hours 
in fertilization medium (G-IVF®, Vitrolife, Sweden). Re-
trieved oocytes were classified into metaphase II (MII) 
stage as mature and metaphase I (MI) or germinal vesi-
cle (GV) stage as immature. Oocyte denudation was per-
formed using 80 IU of hyaluronidase (Sigma, USA) (20). 
Participants underwent intracytoplasmic sperm injection 
(ICSI). The spermatozoa were prepared using density 
gradient centrifugation (AllGrad®; LifeGlobal, USA) for 
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PCOS patients or standard swim-up method for control 
group. PCOS patients' quality of sperm were compatible 
with WHO criteria 2010; however, in the control group, 
male factor infertility existed with respect to sperm qual-
ity (i.e. oligo, asteno, teratozoospermia or combinations 
of these conditions) according to the WHO parameters. 
After sperm microinjection into the MII oocytes, fertili-
zation was confirmed 16 to 17 hours after ICSI, by the 
presence of two pronuclei (2PN) and a second polar body. 
Zygotes were individually placed in 20 μl fresh G-1TM 
medium (Vitrolife) supplemented with 10% recombinant 
human serum albumin (HAS-solutionTM, Vitrolife) un-
der oil (OVOILTM, Vitrolife) for a 72 hour culture. 

Embryological assessment
Based on our laboratory standards, embryos were graded 

at the pronuclear and cleavage stages. The quality of the 
embryos at cleavage stage were classified according to the 
following criteria: [excellent quality (≥4 cells or ≥8 cells 
and <10 % fragmentation), good quality (≥ 4 cells or ≥8 
cells and 10-20% fragmentation) and poor quality (<4 cells 
or <8 cells and >20 % fragmentation)] (21, 22). Decision 
on the number of transferred embryos was made based on 
2013 ASRM embryo-transfer guidelines (23). Seventy two 
hours after ICSI, mainly a maximum of two embryos of 
excellent grade or good quality were transferred to uterine 
cavity by a Labotect catheter (Labotect, Germany).

Luteal support
On the day of oocyte retrieval, luteal phase support in-

cluded Cyclogest® 200 mg (Actavis, UK) vaginal supposi-
tories, twice daily (bid) for 14 days. Endometrial thickness 
was between 8 to 11 mm and showed a triple-line pattern 
as examined by vaginal ultrasonography on the day of hCG 
injection. Gestation was confirmed by pregnancy test 14 
days after ET. Clinical pregnancy confirmed when a ges-
tational sac with fetal cardiac activity was detectable after 
7 weeks of gestation. Biochemical gestation was not taken 
into consideration at any stage of the study.

Statistical analysis
In this study, categorical variables are presented as 

number (%) and continuous variables as mean ± SD or 
median (minimum-maximum; inter-quartile range) where 
appropriate. Statistical comparisons of means of the three 
study groups were performed using ANOVA or its non-
parametric equivalent, Kruskal-Wallis test. Independent t-
test was used to assess mean differences in FI between IR 
and IS- PCOS groups. Chi-square analysis was used for 
qualitative data. Univariate and backward multiple linear 
regression, including all variables, were used to evaluate 
the association between MII oocyte number and some 
demographic and clinical variables. Statistical analyses 
were performed using IBM SPSS Statistics for Windows, 
Version 22.0 (IBM Crop., Armonk, NY, USA). All sta-
tistical tests were 2-tailed and a P<0.05 was considered 
statistically significant.

Results
Clinical characteristics of participants are shown in Ta-

ble 1. BMI was significantly higher in PCOS-IR group 
(29.97 ± 4.39) compared to control group (25.12 ± 4.21 
P=0.023), this difference was not significant between 
PCOS-IS (26.31 ± 8.03) and either of PCOS-IR and con-
trol groups. PCOS-IR women had significantly fewer 
number of MII oocytes (8.10 ± 3.61) compared to con-
trols (11.57 ± 5.11, P=0.028); but, the number of MII 
oocytes was not significantly different between PCOS-IS 
women (9.05 ± 3.37) and control subjects. There were no 
significant differences in MI, GV and dead oocytes be-
tween PCOS groups (IR and IS) and control group. Fast-
ing insulin was significantly higher in PCOS-IR (19.30 
± 9.60 mg/dl) compared to PCOS-IS group (6.67 ± 2.89 
mg/dl, P=0.006). Other criteria including age, previous 
ART history, number of retrieved oocytes, number of 2PN 
embryos, total number of embryo and success rate did not 
differ significantly among the three groups.

LH/FSH ratio was significantly higher in PCOS-IR 
women (1.67 ± 1.75) compared to controls (0.94 ± 0.68, 
P=0.047) but not significantly different from that of PCOS-
IS group (1.45 ± 0.94) (Fig.1). Regression analysis results 
are presented in Table 2. On the basis of the univariate 
analysis, LH/FSH in study groups (PCOS-IR, PCOS-IS 
and control) were significantly associated with MII oocyte 
number. After adjusting for other variables, based on the 
multiple linear regression model results, LH/FSH was no 
longer statistically significant;   however, on average, the 
PCOS-IR group had 4.09 MII oocytes less than the control 
group and the PCOS-IS group had 3.21 MII oocytes less 
than the control group. Multiple linear regression model 
also identified that the number of previous ART cycles was 
negatively associated with MII oocyte number. As shown 
in Table 2, for each unit increase in previous ART cycle 
number, the expected number of MII oocyte decreases by 
1.23. Other variables included in the univariate model and 
displayed in Table 2, were not significantly associated with 
MII oocyte number in the multiple model.

Fig.1: Boxplots of LH/FSH in PCOS-IR, PCOS-IS and control group. 
LH; Luteinizing hormone, FSH; Follicle-stimulating hormone, PCOS; Polycys-
tic ovary syndrome, IR; Insulin resistant, and IS; Insulin sensitive. Extreme 
values are indicated using asterisks and outliers are indicated using circles.

MII Number of PCOS Women with or without IR
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Discussion
PCOS is a heterogeneous endocrinopathy; insulin re-

sistance and elevated LH/FSH ratio play a potential role 
in the pathogenesis of the disorder (24). However, ac-
cording to the 2003 rotterdam ESHRE/ASRM-sponsored 
PCOS Consensus workshop group, increased LH/FSH ra-
tio and IR will not be considered the main criteria for the 
diagnosis of PCOS and more research is needed in this 
area (19). Banaszewska et al. (25) studied a rare subgroup 
of PCOS women and observed that increased LH levels 
and IR occurred simultaneously. In this study, in terms 
of biochemical factors, there was a significant increase 
in LH/FSH ratio in PCOS-IR compared to control group 
(P<0.05). We described the demographic characteristic 
of these patients and the outcome of IVF/ICSI treatment. 
According to our data, in the PCOS-IR group, mean num-
ber of MII was almost 4 units less than that of the control 
group. Moreover, in the PCOS-IS group, the number of 
mature oocytes was on average almost 3 units lower than 
that of the healthy women. As shown by Colton et al. (26), 

continuation of meiosis and maturation of oocytes were 
defected in a diabetic mouse model. Also, it was report-
ed that insulin resistance can impair normal fertilization 
or chromosomal abnormalities in affected oocytes (27). 
These findings explain aberrant relationships between oo-
cytes and surrounding cumulus cells (26). 

According to recent studies, insulin signals relay through 
multiple pathways, many of them are active in ovarian 
follicular cells especially oocytes. These pathways are 
able to interact with each other and also with gonadotro-
pins. Thus, insulin has a direct regulatory effect on ovari-
an physiology (28). According to the results of Burghen et 
al. (29), insulin resistance was common in PCOS women 
even if the patients were obese. It was indicated that high 
levels of insulin can bind to not only insulin receptors but 
also ovarian IGF1 receptors, the latter stimulate steroido-
genesis. In particular, this effect is mediated by aromatase 
activity (30). There is a synergism between insulin and 
gonadotropins (LH and FSH) that can intensify steroido-
genesis. Poretsky and Kalin (30) have proposed that LH 

Table 1: Demographic and clinical characteristics of recruited patients

P valueControl 
n=20

PCOS-IS 
n=20

PCOS-IR 
n=20

0.38129.05 ± 5.1828.00 ± 4.0030.04 ± 4.45Age (Y)
Previous ART 

0.10813 (48.2)7 (25.9)7 (25.9)Yes
8 (22.8)12 (34.3)15 (42.9)No

0.006-6.67 ± 2.8919.30 ± 9.60Fasting insulin (mg/dl)
0.02325.12 ± 4.21b26.31 ± 8.03ab29.97 ± 4.39aBMI
0.814
0.028
0.806
0.468
0.125

12.90 ± 5.591
11.57 ± 5.11b

0 (0-1; 1)
0 (0-3; 1)
0 (0-2; 0.5)

13.58 ± 11.26
9.05 ± 3.37ab

0 (0-2; 0)
0 (0-4; 1)
0 (0-4; 1)

11.90 ± 7.09
8.01 ± 3.61a

0 (0-3; 1)
0 (0-2; 0)
0 (0-1; 0)

Oocyte retrieved
MII
MI
GV
Degenerated/dead 

0.4157.95 ± 4.079.44 ± 7.347.15 ± 4.29Total embryo
0.7239 (2-18; 4.5)7 (1-13; 3.25)6 (0-14; 4.75)2PN embryos
0.91476.01 ± 17.2475.90 ± 25.8973.28 ± 25.43Fertilization (%)

PCOS; Polycystic ovary syndrome, IR; Insulin resistant, IS; Insulin sensitive, ART; Assisted reproductive technology, BMI; Body 
mass index, MI; Metaphase I oocytes, MII; Metaphase II oocytes, GV; Germinal vesicle stage, 2PN; Two pronuclei. Continuous vari-
ables are presented as mean ± SD or median (minimum-maximum; inter-quartile range) when appropriate. Categorical variables are 
presented as number (%). Different letters indicate significantly different means (as evaluated by ANOVA and Tukey post-hoc test). 
A P<0.05 was considered significant.

Table 2: Regression analysis for factors associated with MII oocytes number

Multiple analysisUnivariate analysis
P valueSEBP valueSEB

0.9100.13-0.01Age
0.1430.09-0.14BMI
0.0350.56-1.22LH/FSH

0.0430.59-1.230.2510.61-0.71No. of previous ART cycle 
Group

0.0031.29-4.090.0101.30-3.47PCOS-IR vs. control
0.0201.34-3.210.0641.33-2.52PCOS-IS vs. control

B; Unstandardized coefficient, SE; Standard error, BMI; Body mass index, LH; Luteinizing hormone, FSH; Follicle-
stimulating hormone, ART; Assisted reproductive technology, PCOS; Polycystic ovary syndrome, IS; Insulin sensi-
tive, and IR; Insulin resistant. 
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can induce interstitial cells of ovary to differentiate into 
androgen-producing cells. Hyperinsulinemia possibly ac-
celerates this process. This hyperandrogenic condition 
would result in follicular atresia. Tarlatzis et al. (31) found 
that elevated local androgens and loss of estrogen produc-
tion lead to follicular growth arrest.

The strengths of this study were evaluation of the effects 
of increased LH/FSH level and insulin resistance on the 
oocyte maturation. This study has a prospective scheme 
and all patients underwent ICSI and received GnRH an-
tagonist. Besides, the statistical calculations were accom-
plished by multivariable analysis. Finally, we observed 
lower number of MII oocytes in IR patients. The mecha-
nisms underlying these results are unclear; although pre-
vious studies showed that ovarian folliculogenesis may 
disrupted by high LH levels (32). Tarlatzis et al. (31) re-
ported that elevated LH/FSH in human menopausal gon-
adotropin (HMG)-stimulated PCOS women may have a 
detrimental effect on the maturation of oocytes. However, 
according to Wiser et al. (33) higher numbers of mature 
oocytes were retrieved from PCOS women with higher 
LH/FSH ratio. Since according to the inclusion criteria 
of the study, only women who had indication for in vitro 
maturation (IVM) treatment were recruited, the results 
were inconsistent.  

According to some studies, insulin resistance is not a 
disease but it can develop numerous metabolic alterations 
(34, 35). These metabolic disturbances can make lesions 
in cumulus- oocyte complexes (COCs) of murine. In fact, 
outbreak of insulin resistance may halt the progression of 
meiosis and postpone oocytes maturation (26). Although 
increased secretion of LH and insulin resistance is com-
mon characteristics of PCOS, in lean PCOS amplified 
growth hormone (GH) pulsatility in addition to LH hy-
persecretion induce theca cells to release androgens. In 
obese PCOS patients, elevated IGFs levels induced by 
insulin, stimulate granulosa cells to produce androgens. 
These processes enhance hyperandrogenemia and anovu-
lation (36). Our data suggested that insulin resistance may 
diminish oocyte maturity.

According to previous studies, the success probability 
is essentially constant across the first three IVF attempts 
(37). In the other words, a maximum of three IVF treat-
ment cycles lead to one child birth (38). Tan et al. (37) re-
ported that there were no statistically significant differenc-
es in the pregnancy failure rates between those attempting 
a second course of treatment and those attempting the first 
course. In both groups of patients, the pregnancy failure 
rates were more or less the same in all age groups until the 
women were at least 35 years old (37, 39).

Based on the results of this study, for each unit increase 
in previous IVF/ICSI failure, the expected number of MII 
oocytes decreases by 1.23 in PCOS women. Moreover, 
to the best of our knowledge, the present study is the 
first report showing that the history of IVF/ICSI failure 
is associated with reduction of MII oocytes in PCOS-IR 
patients. Also, our results showed that retrieval of lower 

numbers of mature oocytes from PCOS women might be 
in part related to insulin resistance. Our study suggested 
that treatment of insulin resistance should be considered 
in PCOS-IR patients who have a history of canceled IVF 
cycles. This can help to achieve greater numbers of ma-
ture oocytes.

Conclusion
Insulin resistance is a common metabolic abnormality 

in PCOS patients and PCOS-IR women had lower MII 
oocytes than control group. Collectively, histories of ART 
failure and insulin resistance are two important factors in 
predicting the number of mature oocytes in PCOS-IR pa-
tients.
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Abstract 
Background: Infertility is one of the most common challenges that women in reproductive age would encounter 
today. The maternal nutritional status could be a determinant of oocyte quality and embryonic growth. This study was 
conducted to assess the relationship between dietary patterns and reproductive outcomes in infertile women.  

Materials and Methods: This prospective cohort study was conducted on 140 women with primary infertility who 
had referred to Isfahan Fertility and Infertility center, Isfahan, Iran. The average number of total oocytes and metaphase 
II oocytes, the fertilization rate, the ratio of good and bad quality embryo and biochemical and clinical pregnancy were 
considered as the outcomes of assisted reproductive techniques (ART). A 168-item food frequency questionnaire was 
used for estimating the dietary intakes during the last year. Factor analysis was used for identifying the dietary patterns 
and analysis of variance (ANOVA), analysis of covariance (ANCOVA), chi-square, and logistic regression analysis 
were used for assessing the relation between dietary patterns and ART’s outcomes.

Results: Three major dietary patterns (the healthy, western and unhealthy diet) were identified. Women with high 
adherence to the “healthy diet” had a higher educational level and were employed. There was a significant increase 
in the average number of total oocytes (P-trend=0.009) and metaphase II oocytes (P-trend=0.006) in the third tertile 
of “healthy diet” compared to the first tertile. Also, women with high adherence to the second tertile of “unhealthy” 
diet compared to the first tertile, had a significantly lower chance of getting pregnant [odds ratio (OR): 0.14, 95% 
confidence interval (CI): 0.3-0.7].  

Conclusion: Nutrition status could affect infertility treatment outcomes. Greater adherence to the healthy diet may 
enhance oocyte quality and quantity. Unhealthy diet could adversely affect the chance of getting pregnant.
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Introduction 
Infertility is defined as the inability to conceive a clini-

cal pregnancy after 12 months of unprotected intercourse 
(1). It is one of the most common challenges faced by 
women of reproductive age today (2). Infertility is esti-
mated to affect between 8 to 12% of reproductive-aged 
couples worldwide (3) and the overall mean of infertility 
in Iran is 13.2% (4). 

According to the Society for Assisted reproductive 
technology (ART), of 39,573 assisted reproductive 
cycles performed in the United States clinics among 
women younger than the age of 35 in 2014, only 37.1% 
of fresh nondonor ART cycles have resulted in live 

births (5). So it can be concluded that there is more 
room for research for improving ART outcomes. One 
focus area for researchers could be the relation be-
tween intra-follicular environment and oocyte quality. 
Indeed, a viable pregnancy is highly related to the oo-
cyte quality which is related to the follicular environ-
ment (6). In this regard, it has been shown that oocyte 
growth is sensitive to changes in the follicular environ-
ment especially nutrient changes. Variance in maternal 
nutrition can have a significant effect on the metabolic 
activity of oocytes, oocyte quality and the resultant em-
bryo and its development (7). Therefore, preconception 
maternal nutritional status is shown to be an important 
determinant of embryonic and fetal growth (8). Despite 
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these conclusions, the effect of preconception interven-
tions such as nutritional diet on fertility and pregnancy 
outcomes is unclear (9) and human studies in this field 
are few. 

However, animal studies have shown that deficien-
cies or excesses in a range of macro- and micronutri-
ents during pre-conception period can lead to impair-
ments in fertility and fetal development and affect the 
long-term offspring health (10). Improper nutrition is 
a growing problem worldwide and it is estimated that 
up to 57.8% of the world’s adult population (3.3 bil-
lion people) could be either overweight or obese by 
2030 (11).

There are many studies that examine the impact of 
micro- and macronutrients on reproductive health and 
pregnancy outcomes (7). But recently, there is a new 
interest in how the overall diet can affect reproductive 
outcomes especially in infertile women. This approach 
is more realistic because it reflects the way in which 
food is consumed and takes into account complicated 
interactions between nutrients in the diet (12). Because 
of the association between nutrient intakes and dietary 
patterns, the effect of a single nutrient may be confound-
ed by the effect of dietary patterns. Also the effect of 
multiple nutrients rather than a single nutrient could be 
big enough to detect (13). Human studies on whether or 
not dietary patterns can affect in vitro fertilization (IVF) 
and intracytoplasmic sperm injection (ICSI) outcomes 
are few and the relation between these two parameters is 
not clear. So there is a potential need for more research 
on the relation between dietary patterns and infertility 
treatment outcomes. 

The aim of the present study was to assess the relation 
between dietary patterns and reproductive outcomes in 
women with primary infertility seeking ART.

Materials and Methods
The present study was a prospective cohort study that was 
performed at Isfahan Fertility and Infertility center, Isfa-
han, Iran. A simple sampling design was used. The fol-
lowing formula was used for calculating the sample size: 

n=(Z1+Z2 )
2.2P(1-P)

d2 
Z1=1.96
Z2=0.84
P=40% (an estimate of pregnancy rate in fresh nondonor 
IVF cycles in each tertile (14)
d=0.6P

The sample size for each tertile was estimated to be 65 
women plus a 10% sample dropping. So 217 participants 
were included in the study.

Between August 2015 and January 2016, 217 women 
with primary infertility aged between 20-45 years who 
were undergoing suppression protocol for IVF/ICSI, 

were invited to participate in this study. The inclusion 
criteria were having female infertility (idiopathic or 
ovarian infertility), not having significant changes in 
diet during the last 3 months or having a specific diet, 
not consuming alcohol and not smoking, not having a 
history of diseases affecting metabolism including dia-
betes, galactosemia, maple syrup urine disease (MSUD), 
phenylketonuria (PKU), inflammatory bowel disease, 
celiac disease, chronic pancreatitis, nephrotic syndrome, 
acute and chronic kidney failure, dialysis, hypothyroid-
ism and hyperthyroidism (15, 16) and not using drugs 
that affect the metabolism of macronutrients including 
antihyperglycemic and lipid-altering agents (metformin 
hydrochloride consumption considered as confounding 
variable). Exclusion criteria were deciding to hire a sur-
rogate mother, having male factor infertility, and discon-
tinuing cooperation in the study or ART process. 

All participants filled out the 168-item food frequency 
questionnaire (FFQ) and the short form of international 
physical activity questionnaire (IPAQ). Also their demo-
graphic characteristics were recorded. Body mass index 
(BMI) was calculated as weight in kg divided by the 
square of height in meters (kg/m2). The waist circumfer-
ence was measured with a non-stretch tape to the nearest 
0.1 cm between the lowest rib margin and the iliac crest 
with minimal clothing (17).

In the laboratory, the researcher recorded the total num-
ber of retrieved oocytes and the number of Metaphase II 
oocytes. Then IVF/ICSI procedure was conducted based 
on the standard protocols using G-V series media form 
VitroLife (18). Fertilization rate was defined as the ratio 
of zygotes with two pronuclei observed 16-18 hours after 
insemination divided by the number of inseminated oo-
cytes (19). Embryos were scored using a four-point scale 
on day 3. One point was assigned to all cleaved embryos, 
and an additional point was added for each of the follow-
ing features: the absence of fragmentation (or fragmenta-
tion involving 25% of embryonic surface), the absence 
of irregularities in blastomere size or shape, and 8-cell 
stage on day 3 (20). Therefore, embryo score ranged from 
2 to 4. Embryos with a score of 2 were considered as a 
bad quality embryo, and a score of 4 indicated good qual-
ity embryo. Their rates were calculated by dividing the 
number of the bad or good embryos by the total number 
of embryos. Biochemical pregnancy was confirmed by 
βHCG test, 12 days after embryo transfer (21). Clinical 
pregnancy was defined as the presence of one or more 
gestational sacs during transvaginal scan 3 weeks after 
embryo transfer (22).

Questionnaires
The 168-item FFQ was validated in a previous study 

(23) for estimating dietary intakes and their frequency 
of consumption for each food during the last year. The 
amount of each food item was converted into gram using 
household scale guide and calculated for one day. Food 
items were categorized into food groups according to the 
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similarity of their nutrient composition and logged into 
SPSS software. IPAQ was used for assessing daily physi-
cal activity as a confounder. The physical activity was 
computed by weighting each type of activity by its energy 
requirements defined in MET-Min/Day. Then it was con-
verted to MET-h/week and reported. This questionnaire 
has been validated in previous studies (24). 

Ovulation induction
In this study, suppression protocol was used. On the sec-

ond day of the last menstrual period, when no ovarian cyst 
was observed in a transvaginal ultrasound scan, ovarian 
stimulation was commenced with Gonal-F (Serono, Swit-
zerland) in combination with Menogon (Ferring, Germa-
ny). Serial ultrasound scans were carried out and when the 
dominant follicle reached the size of 13-14 mm, gonado-
tropin-releasing hormone (GnRH) antagonist was adminis-
tered daily. Ovulation was triggered with 10,000 IU hCG, 
when the size of dominant follicles reached 17-18 mm. Af-
ter 36 hours, transvaginal oocyte retrieval was carried out. 
 
Ethical considerations

All participants were informed of the details of the study 
and were allowed to leave the study at any time. Informed 
consent was obtained from all the women who agreed to 
participate in the study. The study was approved by the 
Ethics Committee of the Isfahan University of Medical 
Sciences.

Statistical analysis
To identify major dietary patterns, factor analysis was 

used with oblique transformation. Factors were retained 
using the Scree test, if their eigenvalues were >1.5. Three 
factors were selected as major dietary patterns based on 
the Scree test and eigenvalues. Dietary patterns were la-
beled based on the previous knowledge about nutrition 
and according to the food groups with highest factor 
loading (25). All the participants were in all the dietary 
patterns and, based on their personal score, were divided 
into tertiles; meaning that, those who had the lowest and 
highest intake of foods in each dietary pattern were placed 
respectively in the first and third tertiles. Significant dif-
ferences in general characteristics across tertiles were as-
sessed by ANOVA for continuous variables. Chi-square 
test was used for assessing the distribution of categorical 
variables across tertiles. ANOVA and ANCOVA analysis 
were used to determine the association of dietary patterns 
with fertility markers including the average number of to-
tal oocytes, the average number of metaphase II oocyte 
and the ratio of good and bad quality embryo. All models 
were adjusted for age, marriage age, BMI, waist circum-
ference, supplement consumption, metformin consump-
tion and physical activity. Logistic regression analysis 
was used (with covariates as above) to calculate adjusted 
odds ratios (OR) and 95% confidence interval (CI) for as-
sessing the association of dietary patterns with biochemi-
cal and clinical pregnancy.

To perform all the statistical analyses, SPSS software 
version 20.0 (Armonk, NY: IBM Corp) was used. P<0.05 
was considered significant.

Results
A total of 217 infertile women participated in this study. 

Because of discontinuing the treatment due to ovarian hy-
perstimulation syndrome, unwillingness to continue the 
study, and diagnosing male factor infertility in the next 
steps of research, 77 cases were excluded from the study. 

Three major dietary patterns were identified among 140 
women. The first dietary pattern was named the “healthy 
diet” and included high consumption of fruits, nuts, veg-
etables, red and white meat, dairy, green olive, cream, and 
legume. The second dietary pattern was labeled as the 
“western diet” and was comprised of high consumption 
of sweet drinks, sweets, caffeinated drinks, potatoes, fast 
foods, whole grains, refined grains, liquid oils, and salt. 
The third dietary pattern was called the “unhealthy diet” 
and contained high consumption of mayonnaise, butter, 
egg, junk foods and solid oils (Table 1). Demographic char-
acteristics of the participants according to the tertiles of di-
etary patterns are presented in Table 2. The results showed 
that women with high adherence to the “healthy diet” had a 
higher educational level and were employed.  

Table 1: Factor loading for food groups of the three dietary patterns iden-
tified from food frequency questionnaire (FFQ) in 140 infertile women

Unhealthy Western Healthy Food groups
dietary pattern

--0.750Fruits
--0.672Nuts
--0.597Vegetables
--0.535Meat
--0.418Dairy
--0.443Green olive
--0.272Cream
--0.142Legume
-0.782-Sweet drinks
-0.519-Sweets
-0.480-Caffeinated drinks
-0.416-Potato
-0.344-Fast foods
--0.334-Whole grain
-0.303-Refined grain
-0.298-Liquid oil
-0.237-Salt
0.777--Mayonnaise sauce
0.738--Butter
0.509--Egg
0.320--Junk foods
0.279--Solid oil
7.1338.89212.679Variance explained (%)

Dietary Patterns and ART Outcomes in Infertile Women
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There was a significant increase in the average number 
of total oocytes (P-trend=0.009) and metaphase II oocytes 
(P-trend=0.006) in the third tertile of “healthy diet” com-
pared to the first tertile. After adjusting for confounding 
variables, these relations remained significant for the av-
erage number of total oocytes (P-trend=0.053) and meta-
phase II oocytes (P-trend=0.034). But the “western diet” 
and the “unhealthy diet” were not associated with the av-
erage number of total and metaphase II oocytes. Women 
with high adherence to the second tertile of “unhealthy 
diet” compared to the first tertile, had a significantly lower 
chance of getting pregnant (chemical and clinical preg-
nancy) (model1: OR: 0.14, 95% CI: 0.3-0.7, model2: OR: 
0.09, 95% CI: 0.01-0.6). None of these dietary patterns 
were associated with the fertilization rate and the ratio of 
good and bad quality embryo (Table 3).

Discussion
The present study assessed the relation between dietary 

patterns and outcome of ART in infertile women undergo-
ing IVF/ICSI procedure. The first dietary pattern includ-
ed high consumption of fruits, nuts, vegetables, red and 
white meat, dairy, green olive, cream, and legume. Intake 
of fruits, nuts, and vegetables was outstanding. So this 
dietary pattern was called as the “healthy diet” (26). The 
second dietary pattern comprised of high consumption of 
sweet drinks, sweets, caffeinated drinks, potatoes, oil, fast 
food, refined grains, whole grains and salt. The highest 
factor loadings belonged to sweet drinks, sweets, potato, 
refined grains, and salt, so it was labeled as the “western 
diet” (27). The third dietary pattern was rich in unhealthy 
food groups such as mayonnaise sauce, butter, junk foods 
and solid oils and was named the “unhealthy diet”.

Based on the results, women with the highest “healthy 
diet” score had a higher educational level and were em-
ployed. So higher education and being employed were 
predictors of a healthy diet. This relation has been seen in 
previous studies too (28).

Present findings showed that dietary patterns were re-
lated to some ART outcomes. The average number of total 
and metaphase II oocytes was increased significantly in 
women with high adherence to the “healthy diet”. These 
relations were significant even after taking confounding 
variables into account. 

A randomized clinical trial showed that having a healthy 
diet rich in fruits and vegetable, like dietary approach for 
stopping hypertension (DASH), can have a positive ef-
fect on total antioxidant capacity (TAC). In this study, 60 
women with polycystic ovary syndrome (PCOS) were 
equally randomized into DASH diet (being rich in fruits, 
vegetables, whole grains and low-fat dairy products, as 
well as low in saturated fats, cholesterol, refined grains 
and sweets) and control groups. After a 12-week follow-
up, the DASH diet group had an increase in TAC (29). 
In another study it was shown that the DASH diet is as-
sociated with an increase in plasma TAC in obese patients 
with PCOS (30).

In this study, the “healthy diet” was richer in vegetable, 
fruits, and nuts. These food groups contained a high level 
of antioxidants (31). Antioxidants in fruits and vegetables 
may significantly contribute to an antioxidant capacity in-
crease in plasma (32). The TAC levels may have a posi-
tive effect on the percentage of metaphase ΙΙ stage oocyte 
and oocyte quality (33).

No relation was observed between fertilization rate and 
all three dietary patterns. Despite the fact that male factor 
infertility had been excluded in this study, environmental 
factors such as nutrition and job might affect the sperm 
quality and fertilization.

In the present study, the chance of getting pregnant was 
decreased significantly in women who had more adher-
ence to the “unhealthy diet”. This diet contained foods 
high in saturated fatty acids like mayonnaise sauce, but-
ter, and solid oils. A previous study reported that dietary 
fatty acid content reflects in the fatty acid profile of fol-
licular fluid (34). Beneficial effects have been considered 
for unsaturated fatty acids and deleterious effects for 
saturated fatty acids in elevated concentrations (35). Hag-
garty et al. (36) showed that human embryos which were 
developed beyond the four-cell stage had a higher ratio of 
unsaturated compared to saturated fatty acids. Also Luzzo 
et al. (37) showed that in mice with a high-fat diet the 
percentage of embryos developing to a blastocyst stage 
was significantly lower than the control group (~50% vs. 
65%). So there was a lower chance to go on to implant 
and establish pregnancy similar to the control groups. 

No relation was found between the healthy and western 
diets and the chance for getting pregnant.

A prospective cohort study in the Netherlands on 
161 subfertile couples undergoing IVF/ICSI treatment 
showed that the Mediterranean diet, as a healthy diet, has 
a 40% increased probability of achieving pregnancy after 
IVF/ICSI treatments (38). Also findings of a case-control 
study conducted on 485 women with difficulty getting 
pregnant and 1,669 age-matched controls who had at least 
one child showed that there was a lower risk of difficulty 
getting pregnant in the highest quartile of adherence to 
the Mediterranean-type pattern compared to the lowest 
quartile. But having western dietary pattern did not have 
a statistically significant relation with consulting a physi-
cian because of difficulty in getting pregnant (39).

Some limitations in the present study might cause these 
null findings. Although male factor infertility was exclud-
ed, environmental factors like nutrition were uncontrol-
lable and could affect fertilization and establishment of 
pregnancy. Also we could not distinguish chromosomally 
abnormal embryos from normal. These abnormal embry-
os might fail to implant and be less affected by the diet 
(40). So chromosomal abnormalities in blastocysts could 
nullify the results. Finally, despite controlling various 
confounders in the present analysis, residual confounders, 
which were unknown, could not be excluded.

One strength of the present study was its prospective 
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cohort design so multiple assisted reproductive outcomes 
could have been evaluated. Also, the current study is the 
first follow-up study that was performed in countries un-
dergoing nutrition transition. For assessing dietary intakes, 
a validated FFQ which reflects Iranian food consumption 
was used and filled out by an experienced interviewer. 
Also, many confounder variables such as age, marriage 
age, BMI, waist circumference, physical activity, total 
energy intake, supplement consumption and duration of 
metformin consumption were adjusted. 

Since the number of questions was too much, it is prob-
able that some of the participants had not answered the 
food frequency questionnaire accurately and this was one 
of the limitations of the present study. Although a vali-
dated FFQ was used and filled out by an experienced in-
terviewer, measurement bias was unavoidable and might 
underestimate or overestimate dietary intakes. 

Results of the present study suggested that the average 
number of total and metaphase II oocytes were signifi-
cantly higher in women with high adherence to “healthy 
diet” than the others, with low adherence. Also having 
“unhealthy diet” decreased the chance of getting pregnant 
after IVF or ICSI procedure. 

Conclusion
The present study showed that having a “healthy diet” 

had a positive effect and could cause an increase in the 
average number of total and metaphase II oocytes and 
an “unhealthy diet” could decrease the chance of get-
ting pregnant. The fertilization rate and the ratio of good 
and bad quality embryo were not affected by any of the 
dietary patterns. The results showed that nutrition status 
could affect infertility treatment outcomes. So nutritional 
interventions before attempting the infertility treatments 
could improve outcomes, reduce costs, and increase the 
mental and fertility health in couples.  Considering the 
small number of conducted studies, it is suggested to per-
form more investigations on this issue to elucidate this 
relation and evaluate nutritional effects on reproductive 
health especially in infertile women.
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Abstract 
Background: Potentially modifiable factors, such as the appropriate informing process given to infertile patients, can 
affect their infertility knowledge and information. This study aims to assess infertility information provided to Irani-
ans who undergo assisted reproductive treatment.  

Materials and Methods: In this cross-sectional study, participants recruited were a convenience sample of all infer-
tile patients who received assisted reproductive treatments from Royan Institute, Tehran, Iran. Inclusion criteria con-
sisted of: patient’s first time visit, no previous infertility treatment failures, and referral to the centre between January 
and March 2015. A 20-item tool designed by researchers measured patient satisfaction with the infertility informing 
process. This tool included cause of infertility, type of recommended treatment, diagnostic procedures, approximate 
treatment duration, success rate of the treatment, approximate cost of treatment, and non-therapeutic factors in treat-
ment success. 

Results: A total of 235 infertile patients were invited to participate in the study, from which 200 (100 men and 100 
women) participants completely responded to the questionnaire with a response rate of approximately 85%. The mean 
age of participants was 30.93 ± 5.56 years. In terms of satisfaction with information provided about the cause of in-
fertility, male responders reported the lowest mean score of 3.59 ± 1.05 compared to female responders (3.82 ± 0.85, 
P=0.078). Infertile women had a greater mean score of 3.85 ± 0.78 than infertile men (3.58 ± 1.29) in satisfaction 
with information provided about the type of recommended treatment (P=0.037). There was a statistically significant 
difference between males (3.26 ± 1.04) and females (3.58 ± 0.93) in satisfaction with approximate treatment duration 
(P=0.031). 

Conclusion: According to the results, most infertile patients were satisfied with the informing process related to the 
cause of infertility and recommended therapies. Information about infertility should be provided more systemati-
cally to all treated patients by medical staff, especially in terms of success rate of treatment and financial cost of 
therapy. 
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Introduction 
Infertility is defined by the failure to achieve a clini-

cal pregnancy after 12 months or more of regular un-
protected sexual intercourse (1). Infertility is a biomedi-
cal health problem and a reproductive system disease 
or dysfunction (2). Some potentially modifiable factors, 
such as provision of appropriate information to infertile 
patients, can affect infertility knowledge and informa-
tion seeking behaviour among people who undergo as-
sisted reproductive treatment. 

Health-seeking behaviour among couples with infer-
tility is directly related to their understanding of repro-
ductive biology and their beliefs about infertility. Those 
with better knowledge of fertility health issues may 
show improved use of health care resources with a con-
sequent reduction in infertility (3, 4). 

Infertility awareness is considered a critical first step to-
wards fertility preservation or infertility care by lifestyle 
modifications or changes (1, 5). Because fertility knowl-
edge is associated with education, recommended health 
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promotion strategies should begin with educational in-
terventions (2). Fertility health promotion represents that 
knowledge is a key factor associated with fertility self-
care and the initiation of treatment. Focusing on educa-
tion about fertility issues is needed to prevent fear and 
unnecessary delay in seeking help when faced with prob-
lems in conception (5). 

Providing relevant information to patients, respect-
ing their wishes, and considering their capacity to 
make treatment decisions is crucial for high-quality 
and patient-centred fertility care (2). Satisfaction with 
care can originate from adequate patient education, 
which enables patients to give greater understanding 
of and participation in medical decision-making, and 
often results in better health outcomes (6). There is an 
enormous disparity in the literature about the perspec-
tive of the infertile clients’ satisfaction with infertil-
ity information provided by medical staff. Relatively 
little is known about satisfaction with information 
provided to infertile patients who receive infertility 
treatment. This study is the first in Iran to examine 
satisfaction with information provided to infertile pa-
tients who undergo assisted reproduction treatment.

Materials and Methods

This descriptive cross-sectional study was the first 
phase of a large survey on women and men who undergo 
infertility treatment in the largest referral fertility clinic in 
Iran, Royan Institute, where people are examined from all 
socio-economic and ethnic backgrounds. Participants re-
cruited were a convenience sample of all infertile patients 
who received first-time assisted reproductive treatments, 
and who did not have any previous infertility treatment 
failures. Patients were seen at Royan Institute between 
January and March, 2015.

In this questionnaire-based study, the researchers de-
veloped a tool that was validated on the basis of a litera-
ture review.  The questionnaire included questions about 
satisfaction with information about cause of infertility 
(3 questions); type of recommended treatment (3 ques-
tions); diagnostic procedures (3 questions); approximate 
treatment duration (3 questions); success rate of the 
treatment (3 questions); approximate financial cost of 
treatment (3 questions); and non-therapeutic factors in 
treatment success such as diet, exercise, taking supple-
ments, and cigarette smoking (2 questions) to measure 
satisfaction with infertile patients’ self-perception of the 
informing process. 

Demographic and clinical information of the partici-
pants were gathered from their records in the fertility 
centre. Question types included yes/no, a 5-point Lik-
ert scale that ranged from 1 to 5 (dissatisfied, low satis-
faction, neither satisfied nor dissatisfied, satisfied, very 
satisfied), and choice of one option. The questionnaire 
was also designed for the Iranian context and validated 
by a group of 18 gynaecologists, embryologists, meth-

odologists, and nurses for content, ease of understand-
ing, and acceptability. Face validity was performed by 
a Persian literature expert and the wording of the ques-
tions was adapted to the context and perspectives of 
the participants. One interviewer who was aware of the 
main objective of the present study was responsible for 
distribution and collection of the questionnaires among 
participants.  

The Ethics Committee of Royan Institute approved 
this study (EC/92/106). Aims of the study were clearly 
explained for all participants prior to the investigation. 
Voluntarily completion of the questionnaire was con-
sidered as consent. Eligible individuals were assured 
that their confidentiality and anonymity, and that their 
decision to participate in or withdraw from the study 
would not impact their current or future relationship 
with the clinic. Participants were also assured that their 
level of satisfaction did not affect provision of care ser-
vices.

Statistical analyses were carried out using the Sta-
tistical Package for Social Science (SPSS, version 
20.0 for Windows; SPSS Inc., Chicago, IL, USA). 
Continuous variables were expressed as mean ± SD 
(standard deviation) and categorical variables as num-
bers (percentages). Responses with the 5-point Likert 
scale (range: 1 to 5) were compared by the independ-
ent samples t test because it is robust when one might 
encounter ordinal scaled data. The statistical issue 
was demonstrated by Heeren and D'Agostino (7) in 
1987 as previously explained. P<0.05 was considered 
statistically significant. 

Results
In this study, 235 infertile patients were invited to partic-

ipate. In total, 200 participants (100 men and 100 women) 
responded to the questionnaire completely and returned 
completed questionnaires, which yielded a response rate 
of about 85%. The mean age of participants was 30.93 
± 5.56 years. Of participants, 67 (33.5%) patients were 
diagnosed with male infertility and 31 (15.5%) had fe-
male infertility. Recommended therapies to the patients 
included the following: 36 (18%) in vitro fertilization 
(IVF), 52 (26%) microinjection, and 71 (35.5%) intrau-
terine injection (IUI). Among diagnostic procedures used 
for the participants, 95 (47.5%) patients were diagnosed 
by ultrasound and 114 (57%) by blood and urine tests. Ta-
ble 1 lists the demographic characteristics of the infertile 
study participants.

A total mean score of satisfaction with the informing 
process for each area in Table 2. As shown, the highest 
mean scores of satisfaction with the informing process to 
patients were related to cause of infertility (3.71 ± 0.96) 
and recommended therapies (3.72 ± 0.91). The lowest 
mean score satisfaction with informing process to the pa-
tients was 3.31 ± 1.10 for the approximate financial cost 
of treatment. 
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Table 1: Demographic and clinical characteristics of the study participants 
(n=200)

n (%) Demographic and clinical variables
Sex 

100 (50)Male
100 (50)Female

Cause of infertility
67 (33.5)Male
31 (15.5)Female
54 (27)Both
36 (18)Unknown
12 (6)No answer

Recommended therapies
36 (18)In vitro fertilization (IVF)
52 (26)Micro injection
71 (35.5)Intra uterine injection (IUI)
5 (2.5)Other
22 (11)No answer

Diagnostic procedures 
14 (7)Hysteroscopy
95 (47.5)Ultrasound
114 (57)Blood and urine
7 (3.5)Laparoscopy
41 (20.5)Pap smear
10 (5)Genetic  counseling
4 (2)Hysterosonography
39 (19.5)Hystrosalpangiography
73 (36.5)Sperm motility
30 (15)No answer

In terms of satisfaction with information provided about 
cause of infertility, male responders reported the lowest 
mean score (3.59 ± 1.05) compared to female responders 
(3.82 ± 0.85); there was no statistically significant differ-
ence between men and women (P=0.078, Fig.1). Infer-
tile women had a statistically greater mean score (3.85 ± 
0.78) than infertile men (3.58 ± 1.29) in satisfaction with 
information provided about type of recommended treat-

ment (P=0.037). A statistically significant difference was 
observed between males (3.26 ± 1.04) and females (3.58 
± 0.93) in satisfaction with approximate treatment dura-
tion (P=0.031). More than half of the responders obtained 
their infertility treatment information (causes, therapies, 
diagnostic procedures, cost, duration, and success rate) 
from physicians instead of other medical staff (P<0.001, 
Table 3). 

Fig.1: Patients’ satisfaction with the informing process areas (n=200 par-
ticipants). 

Table 2: Description of infertile patients’ satisfaction with the informing 
process 

MaximumMinimumStandard 
deviation

MeanAreas 

510.963.71Cause of infertility
510.913.72Recommended 

therapies
510.913.64Diagnostic 

procedures
510.993.42Estimated treatment 

duration
511.113.39Success rate of the 

treatment
511.13.31Approximate cost of 

treatment
511.53.52Non-therapeutic

factors in 
treatment success

Table 3: Frequency of information on infertility treatment obtained from medical staff

Medical staffAreas 
Other 
n (%)

Reception
n (%)

Midwife
n (%)

Nurse 
n (%)

Physician
n (%)  

23 (12.2)13 (5.8)17 (9.0)9 (4.2)127 (67.2)Cause of infertility
27 (15.0)11 (5.6)16 (8.9)9 (5.0)117 (65.0)Recommended therapies
16 (9.1)15 (8.5)6 (3.4)10 (5.7)126 (71.6)Diagnostic procedures
24 (14.1)12 (7.1)11 (6.5)17 (10.0)103 (60.6)Estimated treatment duration
19 (12.0)6 (3.8)18 (11.4)20 (12.7)92 (58.2)Treatment Success rate 
33 (21.9)25 (16.6)6 (4.0)12 (7.9)72 (47.7)Approximate cost of treatment
27 (16.9)18 (11.3)7 (4.4)12 (7.5)94 (58.8)Non-therapeutic factors in treatment success
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Discussion
To the best of our knowledge, this was the first national 

survey of infertile clients that pertained to satisfaction 
with information provision in infertility care. Determin-
ing the extent of the patients’ satisfaction with informa-
tion about infertility and its treatment would be beneficial 
for planning education programs related to the prevention 
of failures in infertility treatment or withdrawal. The find-
ings of this study have provided useful insights into poten-
tially modifiable factors that influence infertile patient’s 
co-operation with medical staff in the infertility clinics 
and compliance with assisted reproductive treatments. 

From this study, it was apparent that most infertile pa-
tients who participated were more satisfied with the in-
forming process related to the cause of infertility and 
recommended therapies. In contrast, the vast majority of 
participants were less satisfied with the information pro-
vided for approximate financial cost of their treatment. 
Overall satisfaction with this infertility care centre was 
usually high in the survey, but provided no reliable meas-
ure for the quality of care (8-10). There were considerable 
knowledge gaps, particularly in relation to the impact of 
infertility treatment failure and infertility treatment his-
tory in other fertility care clinics.

Of note, those who had a history of infertility treatment 
were more aware of infertility-related information such as 
causes, therapeutic procedures, and financial cost. Hence, 
over-reporting of satisfaction with information provided 
to the patients was unavoidable. In this study, we attempt-
ed to recruit all infertile patients who received assisted 
reproductive treatments for first time and did not have any 
previous infertility treatment failures. 

Problems exist with the absence of data registration 
from all Iranian infertility care clinics. However, objec-
tive data collection on satisfaction with information pro-
vision in infertility care is difficult. This study was in line 
with most studies that relied on interviews. Possibly, the 
answers of the respondents were to some extent biased by 
incorrect recall and self-interest (10, 11). Another limita-
tion of this study was the obvious gender bias towards 
women in our sample; all women studied acquired higher 
scores of satisfaction with information provided in all 7 
domains compared to the male respondents. It was likely 
that most infertile women have used the Internet for in-
formation on fertility-related problems. Men would be 
less likely to seek services for infertility than women, and 
many men from infertile couples do not undergo a male 
examination (12). Selection bias might occur against peo-
ple who have a low income or a migration background, 
which is a common finding in interview studies on as-
sisted reproductive treatment (8, 10). 

To the best of our knowledge, we did not find any re-
search that measured satisfaction with infertility treatment 
information available to infertile people in the literature. 
Rauprich et al. (10) investigated the views of patients 
(n=1590) and experts, including physicians (n=230) and 
psychosocial counsellors (n=66), in Germany on infor-

mation provision and decision-making in assisted repro-
duction treatment. Most participants had positive views 
for information on the chances for treatment success and 
physical risks of fertility treatment than for information 
on the risks and burden of multiple pregnancies, and on 
the emotional risks and burden associated with infertility 
treatment. 

In the present study, both men and women participants 
were more satisfied with information provided about 
type of recommended treatment. The objective of an-
other study was to assess patients’ satisfaction with the 
investigation and initial management of infertility in 1366 
women who attended outpatient clinics at 12 hospitals 
throughout Scotland. Overall, 87% of respondents were 
satisfied or very satisfied with their care, but there were a 
number of deficiencies identified. 

A total of 86% felt they had not been given enough as-
sistance with the emotional aspects of infertility, whereas 
47% felt they were not given a clear plan for the future 
and 23% of those who had been given drug treatments 
reported receiving little or no information about the treat-
ment or possible side-effects (11). In the present study, 
more than half of responders received their infertility in-
formation from physicians instead of other medical staff. 
A qualitative study with 6 group discussions on fertility 
knowledge and information-seeking behaviour among 
people of reproductive age revealed that most women and 
men who intended to have children in the future agreed 
that primary health care providers, such as general prac-
titioners (GPs), were well placed to provide information 
regarding fertility and pregnancy health (13). 

Despite the remaining limitations and risks of bias, the 
present methodical strategies have provided sufficient 
validity for the principal results of the study. The find-
ings are limited to the particular context of fertility care in 
Iran, and are not transferable or generalizable elsewhere.

Conclusion
Information about infertility should be provided more 

systematically to all treated patients by medical staff, es-
pecially for success rate of treatment and financial cost of 
therapy. However, most infertile patient participants were 
more satisfied with the informing process related to the 
cause of infertility and recommended therapies. There-
fore, the information should be clarified for all infertile 
patients prior to the onset of any therapeutic procedures. 
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Abstract 
Background: Antenatal anxiety or maternal stress is a prevalent chronic mental disorder in pregnant women. We 
have assessed the effect of maternal stress from positive aneuploidy screening results on the changes in uterine artery 
blood flow. 

Materials and Methods: We performed a prospective cohort (one sample) pilot study at a hospital in Tehran, Iran. A 
total of 60 pregnant women who were candidates for amniocentesis due to abnormal sequential screening test results 
entered the study. We conducted 2 standard psychological tests, the Spielberger’s State-Trait Anxiety Inventory and 
the Beck Anxiety Inventory, to determine anxiety levels in the participants before amniocentesis and two weeks after 
amniocentesis. The uterine artery resistance index was also measured before and two weeks after amniocentesis. The 
level of maternal stress was compared with the uterine artery resistance index.

Results: Patients had a mean State Trait Anxiety Inventory score before amniocentesis of greater than 40, which 
meant that the mothers experienced high anxiety. There were no correlations between both inventories’ anxiety 
scores and uterine artery blood flow before amniocentesis. However, two weeks after amniocentesis, we observed 
significant negative correlations between the State Anxiety (P=0.0041) and Trait Anxiety (P=0.010) Inventory scores 
and the uterine artery resistance indexes. Also, there was an association between the decreased right uterine artery 
resistance index and State Anxiety scores (P=0.036). There were significant correlations between State and Trait 
Anxiety scores and second trimester analytes of β-human chorionic gonadotropin (β-hCG, P<0.001), α-fetoprotein 
(P<0.001), and unconjugated estriol (P=0.048). 

Conclusion: Maternal anxiety because of positive aneuploidy screening serum analytes and amniocentesis can af-
fect perinatal outcomes via mood-based alterations in blood flow of the uterine arteries and the screening markers 
β-hCG,unconjugated estriol, and α-fetoprotein.
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Introduction 
Antenatal anxiety or maternal stress is a frequent com-

plication in pregnant women (1). The prevalence of de-
pression during pregnancy is 7-18% and anxiety disorders 
during pregnancy is 8.5% (2, 3). Mothers face tremendous 
anxiety because of pregnancy complications, labour pain, 
prenatal invasive procedures, the childbirth process, and 
concerns about the health and future of their infants (4). 

Antenatal psychological disorders affect neonatal out-
come and may increase the risk of spontaneous preterm de-

livery, low birth weight, caesarean section and instrumen-
tal delivery, as well as neonatal intensive care unit (NICU) 
admission (5, 6). Blood flow changes in the maternal foetal 
blood circulation, sympathetic arousal, and hypothalamic-
pituitary-adrenal axis activation are possible mechanisms 
behind adverse pregnancy outcomes (7, 8). Although deter-
mining the relationship between anxiety status and changes 
in maternal-foetal blood circulation is not easy (9), Doppler 
ultrasound measurements have demonstrated a correlation 
between uterine-umbilical blood circulation and maternal 
psychological disorders (10).
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The sequential screening test is an aneuploidy screen-
ing test that measures β-human chorionic gonadotro-
pin (β-hCG), pregnancy associated plasma protein A, 
α-fetoprotein, unconjugated estriol, and inhibin A (11-13), 
And is performed  during the first trimester (10 weeks and 
3 days until 13 weeks and 6 days) and second trimester 
(15-18 weeks). Several investigations have found a cor-
relation between maternal anxiety and changes in these 
serum analytes (14-16). A few studies suggested an as-
sociation between uterine blood circulation and maternal 
serum markers; pregnant women with increased β-hCG 
had abnormal Doppler ultrasound findings in uterine ar-
teries from the 22nd to 24th pregnancy weeks (17).

Amniocentesis is an invasive diagnostic technique that 
rules out foetal aneuploidy. Studies have revealed that 
pregnant women experience high levels of anxiety as a 
result of positive aneuploidy screening tests, the amnio-
centesis procedure, uncertainty, tension, and foetal injury 
(18-20). A study has demonstrated high levels of long-
lasting anxiety related to prenatal diagnostic procedures 
that include positive biochemical screening or ultrasound 
chromosomal abnormality markers. Some measures are 
suggested to decrease anxiety, and include promotion of 
the transparency of delivered information, as well as psy-
chological and emotional interventions for both the medi-
cal team and high risk pregnant women (21).

This study investigated the correlation between anxiety 
scores related to positive aneuploidy screening serum ana-
lytes and uterine artery resistance index. To the best of our 
knowledge, few studies have focused on this subject. We 
assessed the correlation between screening serum analytes 
and psychological anxiety scales as the secondary outcome.

Materials and Methods

This prospective cohort (one sample) pilot study was 
performed at Moheb Yas Hospital in Tehran in 2015. The 
study population consisted of 100 pregnant women who 
were candidates for amniocentesis because of positive se-
quential screening test results for aneuploidy (as exposure). 

The inclusion criteria were: 20-37 years old, gestational 
age 15-20 weeks, 19-25 kg/m2 body mass index, high risk 
for sequential markers, and maternal mental health. 

The exclusion criteria were history of psychological, 
psychotic, or neurocognitive disorders; smoking or drug 
abuse; underlying diseases such as hypertension, diabe-
tes, recent experience of stressful events; and positive 
aneuploidy culture results after amniocentesis.

All participants signed an informed consent and ac-
cepted well-timed attending for receiving prenatal care. 
We used 2 standard psychological tests, the Spielberger’s 
State-Trait Anxiety Inventory (an index of obvious and 
hidden anxieties) and Beck’s Anxiety Inventory before 
amniocentesis and two weeks later to determine the par-
ticipants’ anxiety level as the outcome. 

All questionnaires were standard and their validities 

in the Iranian population were identified to be more than 
91%. The State-Trait Anxiety Inventory is a 40-item self-
report inventory in which scores more than 43 suggest 
high anxiety and scores that range from 15 to 20 indi-
cate no anxiety. Beck’s Anxiety Inventory evaluates the 
responses to 21 multiple-choice, self-report questions to 
measure the severity of anxiety; a score of 16 or higher is 
considered moderate and severe anxiety (22, 23). 

A single observer measured the uterine artery resistance 
index before amniocentesis using a Doppler ultrasound 
(ACUSON Sequoia 512™, Siemens Healthcare GmbH, 
USA) with a convex multi-frequency transducer (3.0 to 
5.0 MHz). Patients were placed in the trans-abdominal 
position. After taking the images, the Doppler measure-
ment was performed in location of the uterine artery that 
originates from the iliac artery just lateral to the cervix at 
the endocervix. We took into consideration an insonation 
angle of less than 30 degrees and a Doppler gate of 2 mm.

The same perinatologist performed another Doppler ultra-
sound two weeks after amniocentesis, after the culture re-
sults were available.  The anxiety scores of all participants 
were recorded. Data related to serum analytes that includ-
ed β-hCG and pregnancy associated plasma protein A in 
the first trimester, and α-fetoprotein, β-hCG, unconjugated 
estriol, and inhibin A in the second trimester were also re-
corded in the checklists (code and master sheets). Finally, 
we compared the effect of maternal stress based on high risk 
aneuploidy with the uterine artery resistance indexes before 
and two weeks after amniocentesis. The association between 
serum analytes and participants’ psychological status was 
also evaluated.

Data analysis
The Statistical Package for Social Sciences (SPSS) 

software version 19 (Chicago, IL, USA) was used for 
statistical analysis. Questionnaires’ anxiety scores and 
variables related screening marker analytes and uterine 
artery resistance index were presented as mean standard 
deviation. In cases where the variables were normally dis-
tributed, we applied the paired t test and linear regression 
analysis with determination of beta coefficient and 95% 
confidence interval, to analyse the correlation between 
variables. This study had an 80% power. P<0.05 was con-
sidered significant.

This study was an experimental pilot study; therefore, we 
could not calculate the sample size. A total of 60 subjects 
entered the study from April to September 2015 based on 
the inclusion criteria and capability of the study design.  
Ethical considerations

The collected data was considered confidential and no 
extra costs were imposed on the participants. The partici-
pants received assurances about their right to withdraw 
from the study at any time. The Institutional Review 
Board of Tehran University of Medical Sciences, by tak-
ing into consideration the tenets of the Declaration of Hel-
sinki, approved this study.

Stress and Uterine Arteries’ Doppler Ultrasound Indices
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Results
From among 100 pregnant women who met the inclusion 

criteria, 60 women entered the study and 40 women were ex-
cluded because of lack of cooperation or positive aneuploidy 
culture results. No participant required any medical treat-
ment and all just received routine prenatal care. Participant 
had a mean age of 32 ± 3.52 years and their mean gestational 
age at the time of amniocentesis was 16 ± 0.56 weeks.

Pearson correlation test of the results showed a sig-
nificant correlation between Beck’s Anxiety Inventory 
score with the State and Trait Anxiety Inventory scores 
(P<0.0001, r=0.570 and r=0.533).There was a signifi-
cant association between the State and Trait Anxiety In-
ventory scores (P<0.0001, r=0.809)     

The mean State Trait Anxiety Inventory scores before 
amniocentesis were higher than 40 (43.45 ± 7.86 and 42.23 
± 7.98, respectively), which indicated that mothers experi-
enced high levels of anxiety. Although these mean values 
decreased after amniocentesis, there were no significant dif-
ferences before and 2 weeks after amniocentesis (Table 1).

Table 1: Descriptive statistics of independent and dependent variables

MaxMinMean ± SDVariables
Before amniocentesis 

43.001.0010.01 ± 8.99Beck’s  Anxiety Inventory
662642.23 ± 7.98Trait Anxiety Inventory
663043.45 ± 7.86State Anxiety Inventory

Two weeks after amniocentesis
402.009.23 ± 7.44Beck’s Anxiety Inventory
622541.18 ± 8.44Trait Anxiety Inventory
522433.38 ± 7.66State Anxiety Inventory

Before amniocentesis 
0.930.330.64 ± 0.15Left artery resistance index
0.920.340.69 ± 0.15Right artery  resistance index

Two weeks after amniocentesis
1.020.270.65 ± 0.17Left artery resistance index
0.940.160.66 ± 0.18Right artery resistance index

Index changes
0.57-60.590.01 ± 0.21Left artery resistance index change
0.44-0.48-0.02 ± 0.22Right artery  resistance index change

First trimester serum analytes
1.800.030.90 ± 0.49Pregnancy associated plasma protein A
4.60.011.81 ± 1.30β-human chorionic gonadotropin 

(β-hCG)
Second trimester serum analytes

6.270.202.14 ± 1.32β-hCG
3.560.341.66 ± 0.80Inhib A
7.280.231.35 ± 1.50α-fetoprotein 
1.310.340.67 ± 0.26Unconjugated estriol

Min; Minimum and  Max; Maximum.

Before amniocentesis, the left artery mean resistance 
index was 0.64 ± 0.15 and the right artery mean resist-
ance index was 0.69 ± 0.15. At 2 weeks after amniocen-

tesis, the mean resistance index for the left artery was 
0.65 ± 0.17 and it was 0.66 ± 0.18 for the right artery. 
Table 2 shows that no significant association existed 
before amniocentesis between Beck’s Anxiety Inven-
tory scores and the left uterine artery resistance index 
(P=0.394, β=0.141, 95% CI: -0.003 to 0.008) as well 
as the right uterine artery resistance index (P=0.897, 
β=0.021, 95% CI: -0.005 to 0.006). At 2 weeks after am-
niocentisis, there was also no significant association be-
tween Beck’s Anxiety Inventory scores and the left uter-
ine artery resistance index, (P=0.159, β=-0.227, 95% CI: 
-0.010 to 0.002) and right uterine artery resistance index 
(P=0.599, β=0.087, 95% CI: -0.023 to 0.039).

There was no significant relationship between Beck’s 
Anxiety Inventory score and change in the uterine artery 
resistance indexes. 

Table 2: Association between uterine artery resistance index and Beck’s 
Anxiety Inventory scores 

95% confidence 
interval

BetaP valueVariables

Upper 
bound

Lower 
bound

Before amniocentesis
0.008-0.0030.1410.394Left uterine artery  resist-

ance index
0.006-0.0050.0210.897Right uterine artery  resist-

ance index
Two weeks after amniocen-
tesis

0.002-0.010-0.2270.159Left uterine artery resist-
ance index

0.039-0.0230.0870.599Right uterine artery resist-
ance index

Dependent variable in each model: uterine artery resistance.

We did not observe any association between the State-
Trait Anxiety Inventory scores and blood flow of the uter-
ine arteries, before amniocentesis. However, 2 weeks after 
amniocentesis, there was a significant association between 
the State Anxiety Inventory score and the uterine artery re-
sistance index (P =0.041, β=3.05, 95% CI: -2.548 to 8.072) 
and for the Trait Anxiety Inventory score (P=0.010, β= 
-23.82, 95% CI: -25.301 to -10.402). A significant relation-
ship was observed between the State Anxiety Inventory 
scores and a decrease in the right uterine artery resistance 
index 2 weeks after amniocentesis (P=0.036, β=-0.274, 
95% CI: -0.015 to -0.001, Tables 3-5).

We found some associations between psychologi-
cal scores and second trimester analytes. There was 
a significantly positive correlation between Beck’s 
Anxiety Inventory scores and the α-fetoprotein level 
(P<0.001, β=5.38). β-hCG levels were significantly 
higher in pregnant women with higher Trait Anxiety 
Inventory scores (P<0.001, β=3.94). Unconjugated 
estriol levels were significantly higher in pregnant 
women with higher State Anxiety Inventory scores 
(P=0.048, β=13.08).
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Table 3: Associations between uterine artery resistance index and Trait 
Anxiety Inventory

95% confidence 
interval

BetaP valueVariables

Upper 
bound

Lower 
bound

Before amniocentesis
0.10-0.011-0.0200.940Left uterine artery 

resistance index
0.009-0.010-0.0230.930Right uterine artery 

resistance index
After amniocentesis

0.019-0.0020.3930.127Left uterine artery 
resistance index

-10.402-25.301-23.820.010Right uterine artery
resistance index

Dependent variable in each model: uterine artery resistance.

Table 4: Associations between uterine artery resistance index and State 
Anxiety Inventory

95% confidence 
interval for B

BetaP valueVariables

Upper 
bound

Lower 
bound

Before amniocentesis
0.10-0.010-0.0180.945Left uterine artery 

resistance index
0.059-0.0350.1320.603Right uterine artery  

resistance index
After amniocentesis

0.009 -0.012-0.0780.754Left uterine artery 
resistance index

8.072-2.5483.050.041Right uterine artery  
resistance index

Dependent variable in each model: uterine artery resistance.

Table 5: Associations between alterations of uterine artery resistance in-
dexes before and 2 weeks after amniocentesis to Beck’s Anxiety Inventory 
and the State-Trait Anxiety Inventory

95% confidence 
interval for B

BetaP valueDependent variables

Upper 
bound

Lower 
bound

Beck’s Anxiety Inventory
0.001-0.014-0.2870.077Left artery resistance in-

dex change
0.008-0.0070.0170.915Right artery  resistance in-

dex change
Trait Anxiety Inventory

0.022-0.0050.3320.197Left artery resistance in-
dex change

0.005-0.023-0.3100.208Right artery resistance in-
dex change

State Anxiety Inventory
0.012-0.015-0.2010.841Left artery  resistance in-

dex change
-0.001-0.015-0.2740.036Right artery  resistance in-

dex change 
Dependent variable in each model: uterine artery resistance.

Discussion
During the antenatal period mothers face substantial 

anxiety, which may affect the prevalence of adverse ob-
stetric outcomes. Some studies have found a correlation 
between psychological factors (depression, anxiety, and 
chronic stress) and preterm birth or low birth weight (4, 
24, 25). 

Since investigations have shown a higher prevalence of 
antenatal depression and anxiety disorders in pregnant Ira-
nian women compared to the world average (26, 27), we 
assessed the role of psychological complications based on 
positive aneuploidy screening results in changes in uter-
ine artery blood flow. Assessment of uterine artery blood 
flow by Doppler velocimetry is a valuable clinical tool to 
predict some adverse pregnancy outcomes (28, 29).

Studies have shown that informing pregnant women 
about the abnormal results of screening tests such as 
Down syndrome, or being aware of an invasive procedure 
like amniocentesis and waiting for its outcome causes tre-
mendous distress and anxiety for these women. 

The mean of the State-Trait Anxiety Inventory scores 
were more than 40 in our participants before amniocen-
tesis, which showed a high anxiety level. In accordance 
with our results, Hoskovec and colleagues reported a sig-
nificantly elevated mean state anxiety score in women 
with abnormal maternal serum screening tests. The score 
was significantly affected by factors like perceived risk 
and decision to undergo amniocentesis (30). Ng et al. 
(21), reported a mean trait anxiety score of 41.56 ± 6.35 
in pregnant women before they underwent amniocentesis. 
In a prospective case-control study, Calışkan et al. (31) 
found that the maternal stress level based on Spielberger’s 
State-Trait Anxiety Inventory in 60 pregnant women who 
underwent amniocentesis (48.9 ± 11.8) was significantly 
higher than normal pregnant women (33.5 ± 6.5).

There was a significant relationship between the State-
Trait Anxiety Inventory scores and a decrease in the right 
uterine artery resistance index 2 weeks after amniocente-
sis. This finding might show that a 2 week period could 
provide an opportunity for mothers to cope with their 
anxiety. Possibly, participants were relieved after receiv-
ing the negative amniocentesis results, which reduced 
their concerns about their foetus’ health status. In addi-
tion, high levels of anxiety could be associated with the 
amniocentesis process, which disappeared after 2 weeks. 
Possibly, the significant decrease in uterine artery resist-
ance index could have been attributed to a decline in anxi-
ety level. 

Beck’s Anxiety Inventory score can be repeated after 
one week. We have administered the test after two weeks; 
however, we did not find significant changes despite the 
reduction in the State Anxiety score. The Trait Anxiety 
score is due to more chronic anxiety feelings, which we 
did not expect any changes in 2 weeks as was shown in 
our participants.

Stress and Uterine Arteries’ Doppler Ultrasound Indices
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Several investigations have shown correlations between 
psychological scales and uterine artery blood flow index-
es through alteration of the stress hormones corticotro-
pin releasing hormone and cortisol (32, 33). Stress can 
also decrease the level of pregnancy supporting hormones 
like progesterone that increase prostaglandin production 
and result in increased uterine contractility, blood vessel 
resistance, and decreased uterine artery blood flow (25). 
Monk et al. (34) have reported that in 101 second trimes-
ter pregnant women who had a history of mental illness, 
there were no significant associations found between dif-
ferent measures of maternal depression (Beck Depression 
Inventory, Hamilton Rating Scale for Depression-17) or 
anxiety (Hamilton Rating Scale for Anxiety) and uterine 
artery blood flow indexes. Mendelson et al. (8) detected 
a linear association between decreased uterine artery re-
sistance indexes and advancing gestational age during the 
second half of pregnancy; however, their cross-sectional 
analyses did not reveal any significant correlations be-
tween individual psychological scores and uterine artery 
resistance indexes.

The reason that we observed a relationship between 
scores and decline in the resistance index in the right uter-
ine artery, but not the left, might relate to other factors like 
placental site. Although we did not consider the placental 
location in the present study, other investigations pointed 
to the effects of placental site on uterine artery flow and 
resistance (35, 36).  

Our findings showed a significantly positive corre-
lation between Beck’s Anxiety Inventory scores and 
α-fetoprotein levels. There was also a significant corre-
lation between the unconjugated estriol levels and state 
scores. Altered α-fetoprotein and unconjugated estriol 
levels in depressed and anxious pregnant women might 
be due to alterations in the placental function and foeto-
placental blood circulation (37-39). 

Our results also showed a positive correlation between 
the trait anxiety scores and the second trimester β-hCG 
levels. On the other hand it seemed that pregnant women 
with high trait anxiety scores had abnormal patterns of 
uterine blood flow. Altered resistance index values, defec-
tive trophoblastic invasion, and transiently altered hormo-
nal concentrations which might affect analyte transport 
might play a role in such abnormalities (31). Similar to 
our results, several studies have revealed interrelation-
ships between high levels of β-hCG, nausea and vomiting 
during pregnancy, and psychological disturbances such as 
psychological stress (40). Oancea and colleagues found 
a significant correlation between high β-hCG levels in 
the second trimester and some maternal complications in 
120 pregnant Caucasian women. They found that β-hCG 
had the highest predictive power for prenatal outcomes in 
the second trimester of pregnancy complicated by preec-
lampsia. This finding was also confirmed by Lee and 
Saha (40). To our knowledge, this study was among the 
few studies that focused on the association between psy-
chological complications related to positive an euploidy 

screening serum analytes and changes in uterine artery 
blood flow. Such correlations could show the importance 
of stress management interventions to improve pregnancy 
outcome. 

This study, like other pilot studies,  had some meth-
odological limitations. We did not consider other related 
factors like parity and gestational age, which have been 
shown to affect uterine artery resistance index in other 
studies (7). A larger sample size and well-designed study 
would be required to evaluate the differences.

Conclusion
Maternal anxiety because of positive aneuploidy screen-

ing results and amniocentesis can affect perinatal out-
comes via mood-based alterations in uterine artery blood 
flow resistance and screening markers like β-hCG, uncon-
jugated estriol, and α-fetoprotein. We think that increas-
ing pregnant women’s knowledge about the probability 
of false-positive results of screening tests, administration 
of proper psychological interventions, and psychological 
counselling and training may significantly decrease the 
influence of anxiety and improve pregnancy outcomes. 
Further studies are required on this subject with greater 
numbers of participants. 
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Abstract 
Energy balance is regulated by ghrelin which is a neuroendocrine modulator. Ghrelin is expressed in repro-
ductive organs. However, the role of ghrelin during in vitro maturation (IVM) and bovine preimplantational 
development is limited.  The purpose of this study was to measure the expression of ghrelin (GHRL) and 
its receptor growth hormone secretagogue receptor 1A (GHS-R1A) mRNA, and determine cumulus oocyte 
complex (COC) viability after IVM with 0, 20, 40 and 60 pM of ghrelin. Also, pronuclear formation was 
recorded after in vitro fertilization (IVF). GHRL and GHS-R1A mRNA expression in oocyte and cumu-
lus cells (CCs) was assessed using reverse transcription-polymerase chain reaction (PCR). Oocyte and 
CC viability were analyzed with the fluorescein diacetate fluorochrome-trypan blue technique. Pronuclear 
formation was determined 18 hours after IVF with Hoechst 33342. The results demonstrated that ghrelin 
mRNA is present in oocyte and CCs before and after 24 hours IVM with all treatments. Ghrelin receptor, 
GHS-R1A, was only detected in oocytes and CCs after 24 hours IVM with 20, 40 and 60 pM of ghrelin. 
Oocyte viability was not significantly different (P=0.77) among treatments. However, CC viability was 
significantly lower (P=0.04) when COCs were matured with ghrelin (77.65, 72.10, 66.32 and 46.86% for 
0, 20, 40, and 60 pM of ghrelin, respectively). The chance of two pronuclei forming were higher (P=0.03) 
when ghrelin was not be added to the IVM medium. We found that ghrelin negatively impacts CC viability 
and pronuclear formation.
Keywords:: Ghrelin, GHS-R1A, In Vitro Oocyte Maturation, mRNA Expression
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Nutrition has a strong influence on female bovine re-
productive performance. In recent years, there has been a 
growing interest in investigating the relationship between 
nutrition and reproduction. In dairy cows, high milk yield 
leads to negative energy balance (NEB) which has ad-
verse effects for fertility (1, 2). It has been suggested that 
metabolic hormones such as leptin and ghrelin might be 
signals that link fertility and energy status (3). Ghrelin is 
a neuroendocrine regulator of energy balance and food 
intake. Indeed, ghrelin plasma concentrations in cattle in-
crease during fasting or NEB (4). 

Previous studies have indicated that ghrelin regulates 
several reproductive functions (3, 4). Two subtypes of 
ghrelin receptors (GHS-R) have been identified, but only 
GHS-R type 1A (GHS-R1A) is functionally active (5). Re-
cent investigations have localized ghrelin and GHS-R1A  
mRNA and protein expression to most reproductive tissues 
of dairy cattle (6). However, the expression of ghrelin and 
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its receptor in the bovine cumulus oocyte complex (COC) 
has not been yet described. Furthermore, the knowledge of 
ghrelin’s role in oocyte maturation and preimplantational 
development is very limited (4, 7-9). Therefore, the purpose 
of this study was to investigate ghrelin (GHRL) and GHS-
R1A mRNA expression in bovine oocyte and cumulus cells 
(CCs) after in vitro maturation (IVM) with different ghrelin 
concentrations, and evaluate the effect of ghrelin on oocyte 
and CC viability and pronuclear formation.

To perform this experimental research, bovine ovaries 
were obtained from an abattoir and transported to the 
laboratory in sterile NaCl solution (9 g/L) including the 
antibiotics streptomycin (100 mg/L) and penicillin (59 
mg/L) at 37°C within 3 hours after slaughter. Ovaries 
were pooled, regardless of the estrous cycle stage of the 
donor.  The COCs were aspirated from 3 to 8 mm folli-
cles, using an 18-G needle connected to a sterile syringe. 
COCs with evenly granulated cytoplasms were selected 
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under a low power (20-30 X) stereomicroscope (Nikon, 
Japan), and washed twice in TCM-199 buffered with 15 
mM HEPES and IVM medium. Groups of 10 COCs were 
transferred into 50 µL of IVM medium under mineral oil 
(Squibb, USA). Incubation was performed at 39°C in an 
atmosphere of 5% CO2 in air with saturated humidity for 
24 hours. COCs were matured in IVM medium supple-
mented with 0, 20, 40, and 60 pM acylated ghrelin. The 
total number of maturated COC was 1152. This total was 
divided on 200 COC for polymerase chain reaction (PCR) 
analysis, 480 for viability assay and 472 for pronuclear 
formation rates after in vitro fertilization (IVF). 

After IVM, COCs were pipetted several times with a 
narrow-bore pipette in TCM-199 buffered with HEPES, 
and washed three times in calcium- and magnesium-
free phosphate buffer solution (PBS) containing 1 mg/
mL polyvinylpyrrolidone (PVP). Total RNA was isolat-
ed from CCs and oocytes with TRIzol (Invitrogen, CA) 
according to the manufacturer’s instructions. Samples 
were then treated with a RNase-Free DNase kit (Qia-
gen, Germany). The RNA content of each sample was 
calculated through 260 nm absorbance. RNA quality 
was evaluated by the ratio of absorbance at 260 and 280 
nm with a NanoVue spectrophotometer (NanoVue™-
NV-General Electrics Healthcare Limited, UK). Com-
plementary DNA (cDNA) was synthesized using a 
reaction mixture containing 1.5 µg of total RNA, ran-
dom hexamers and the M-MLV reverse transcriptase 
(Invitrogen-Life Technologies, USA), following the 
procedure suggested by the manufacturer. Polymerase 
chain reaction (PCR) was subsecquently performed on 
the cDNA from oocytes and CCs. The reaction were 
performed at a final volume of 25 µL containing 4 µL 
cDNA, 0.85 pmol/ mL of each primer, 0.2 mmol/L of 
each deoxynucleoside triphosphate, PCR buffer 1X (50 
mmol/L KCl and 10 mmol/L TriseHCl, pH=8.3) and 
0.1% Triton X-100, 1.2 mmol/L MgCl2, and 1.5 units 
of Taq DNA polymerase (Invitrogen, CA). The cDNA 
amplification reactions for (GHRL) and GHS-R1A were 
carried out with an initial denaturing step of 92°C for 3 
minutes, followed by 35 cycles of 30 seconds at 92°C, 
40 seconds at 60°C, and 40 seconds at 72°C, with a 
final elongation step of 72°C for 5 minutes. PCR prod-
ucts were verified on 2% agarose gel, stained with eth-
idium bromide, and visualized using a transilluminator 
with an UV filter. For the negative control, reverse tran-
scription polymerase chain reaction (RT-PCR) proce-
dures were carried out in the same manner, except that 
M-MLV reverse transcriptase was omitted during re-
verse transcription. The PCR reactions were performed 
in duplicates. Primers for each gene of interest were 
designed using Primer Premier Software (PREMIER 
Biosoft International, USA, Table 1), to avoid possible 
genomic DNA amplification, primers were designed to 
span exon-exon junctions. A total of 200 COCs were 
matured in two replicates (40 COCs per treatment). A 
time zero (T0, COC before IVM) treatment was used as 
the control group.

At the end of IVM, oocyte and CC viability were evalu-
ated as follows. Oocytes were stripped of surrounding 
CCs by repeated pipetting in PBS containing 1 mg/mL 
PVP. Oocytes and CCs were incubated separately in the 
dark in 2.5 μg/L fluorescein diacetate fluorochrome and 
2.5 g/L trypan blue in PBS medium for 10 minutes at 
37°C. Then, they were washed three times in PBS. The 
CCs were centrifuge at 200 x g for 5 minutes. The pellet 
was resuspended in 50 μL of PBS. Oocytes and CC sam-
ples were transfered onto slides, which were immediately 
covered with cover slips and observed under a fluorescent 
microscope Olympus BX40 (Olympus, Japan) equipped 
with a 330-490 nm excitation filter and 420-520 nm emis-
sion filter. Live cells were visible with green fluorescence, 
whereas dead ones showed a characteristic blue staining 
under white light (Fig.1). A total of 480 COCs were ma-
tured in three replicates for this purpose.

Fig.1: Oocyte and cumulus cells viability evaluated through fluorescein 
diacetate/trypan blue assay. The cell population was classified using the 
combined microscopic images obtained through light and fluorescence 
microscopy images. A. Alive cumulus cell (green) in the fluorescent field 
(×1,000 magnification), B. Dead cumulus cells (*) show a characteristic 
blue staining under white light (×1,000 magnification), and C. Alive (green) 
and dead (blue,*) bovine oocytes in a combined light and fluorescence 
field (×40 magnification).

The effect of different concentrations of ghrelin in the 
IVM medium on pronuclear formation was assessed af-
ter IVF (10). Expanded COCs were incubated in 50 μL 
of Fert-TALP under mineral oil. Frozen semen from A 
bull of the same strain was used in all experiments. Mo-
tile spermatozoa were separated by a discontinuous Per-
coll gradient. The final sperm concentration in the IVF 
medium was 2×106 spermatozoa/mL. Incubation was 
performed at 39°C and 5% CO2 in air with a saturated 
humidity for 18 hours. After IVF, presumptive zygotes 
were incubated in 0.1% (w/v) hyaluronidase in PBS 
solution for 5 minutes at 37ºC and then oocytes were 
denuded by gentle pipetting. The presumptive zygotes 
were incubated in 5 mg/L Hoechst 33342 in PBS for 30 
minutes at 37ºC. Thereafter, they were examined under 
a fluorescent Olympus BX40 microscope (with a 365 nm 
excitation filter and a 400 nm emission filter) at ×200 
and ×400 magnification to reveal the presence of pronu-
clei. A total number of 472 COCs were matured in three 
replicates for this purpose. 

GHRL and GHS-R1A Expression in COC
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We used completely randomized block designs. Statisti-
cal models included the fixed effect of treatment (0 vs. 20 
vs. 40 vs. 60 pM ghrelin) and the random effects of block 
(day of COCs collection, n=3). Oocyte and CC viability 
and rate of pronuclei presence were analyzed with logistic 
regression using the GENMOD procedure (SAS Institute, 
NC). Data for oocyte and CC viability and rate of pronu-
clei presence were expressed as a percentage. The level of 
significance was P≤0.05.

Using total RNA prepared from bovine oocytes and 
CCs and the specific primers for GHRL, RT-PCR showed 
a band of the expected size (107 bp) in agarose gel elec-
trophoresis for all treatments (Fig.2). Thus, it seems clear 
that ghrelin mRNA is present in oocytes and CCs before 
and after 24 hours of IVM with 0, 20, 40 and 60 pM of 
ghrelin. On the other hand, the presence of GHS-R1A 
was only detected in oocytes and CCs after 24 hours of 
IVM with 20, 40 and 60 pM of ghrelin. The possibility 
of of contaminating genomic ghrelin and GHS-R1A se-
quence amplification was excluded since the band of the 
expected size was only detected in the presence of reverse 
transcriptase.

Oocyte viability was not significantly different (P=0.77) 
among COCs treated with 0, 20, 40, or 60 pM of ghrelin 
during IVM (89.0, 87.1, 88.0 and 89.1%, respectively). 
However, CC viability was significantly lower (P=0.04) 
in COCs matured with ghrelin (72.10, 66.32 and 46.86% 
for 20, 40, and 60 pM of ghrelin, respectively) than in 
COCs matured with 0 pM of ghrelin (77.65%). No dif-
ferences were found between 20 and 40 pM of ghrelin. 
The lowest CC viability rate was observed with 60 pM of 
ghrelin (P=0.04).

The incidence of polyspermy (>2 pronuclei) and the 
percentage of mature oocytes penetrated by spermatozoa 
did not differ among treatments (P=0.96). However, the 
chance of two pronuclei forming (normal fertilization) 

were higher when ghrelin was not added to IVM medium 
(P= 0.03, Table 2). 

A

B

Fig.2: Agarose gel (2%) electrophoresis of polymerase chain reaction (PCR) 
products of GHRL and GHS-R1A cDNA. A. Agarose gel electrophoresis of PCR 
products of GHRL cDNA and B. Agarose gel electrophoresis of PCR products 
of GHS-R1A cDNA. COCs were matured 24 hours (T24) in IVM medium sup-
plemented with 0, 20, 40, and 60 pM of ghrelin. A time zero (T0, COC before 
IVM) treatment was used. For the negative control [Con (-)], RT-PCR pro-
cedures were carried out in the same manner, except that M-MLV reverse 
transcriptase was omitted during reverse transcription. Hypothalamus tis-
sue was used as a known positive control sample [Con (+)].

To our knowledge, this is the first study to report the 
expression of ghrelin and its receptor GHS-R1A in bo-
vine oocytes and CCs. Our results indicate that ghrelin 
mRNA expression can be detected in oocytes and CCs 
both before and after IVM regardless of ghrelin presence 
during the IVM process. These findings support the idea 
that ghrelin may have an autocrine and/or paracrine ef-
fect within the follicular microenvironment. On the other 
hand, GHS-R1A mRNA expression was only detected 
when ghrelin was added to the IVM media, suggesting 
that the presence of ghrelin in the environment surround-

Table 1: Sequences of the primers for ghrelin (GHRL), growth hormone secretagogue receptor 1A (GHS-R1A) and the 
sizes of the reverse transcription polymerase chain reaction (RT-PCR) products 

Amplicon size (pb)Temperature annealing (°C)Primer sequence (5´-3´)Gene
16460F: ACAGACCGTGAAGATGCT GHS-R1A
16460R: GGTAGAAGAGGACGAAAGA 
10757F: CTGAAGAAA CCCTGGCTAAC GHRL 
10757R: CGTGGTCTCGGAAGTGTC 

Table 2: Fertilization status of putative zygotes produced in vitro with various ghrelin concentrations in IVM 
medium 

n (%) penetratedn (%)>2 PNn (%) 2 PNn (%) 1 PNNumber of oocytesTreatments
103a (89.5)1a (0.8)69a (60.0)33a (28.6)1150 pM ghrelin
107a (92.2)0a (0)48b (41.3)59b (50.8)11620 pM ghrelin
110a (90.1)1a (0.8)45b (36.8)64b (52.4)12240 pM ghrelin
109a (91.5)2a (1.6)46b (38.6)69b (57.9)11960 pM ghrelin

IVM; In vitro maturation, PN; Pronucleus, a, b; Within a column, values without a common superscript are significantly different 
(P<0.05), and COCs; Cumulus oocyte complex. Pronuclear rate was recorded 18 hours after insemination (472 COCs were matured 
and fertilized in three replicates). The presumptive zygotes were incubated in Hoechst 33342 and then examined under a fluorescent 
microscope at ×200 and ×400 magnification. 
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ing COCs may stimulate the expression of its functional 
receptor in both bovine oocytes and CCs. It has been dem-
onstrated that ghrelin increases GHS-R mRNA levels in 
rat neurons (11). The mRNA expression of GHS-R1A is 
regulated by endogenous agonists, hormones and tran-
scriptional factors (TFs) (12, 13). One of these factors, the 
pituitary-specific transcription factor (POU1F1) increases 
the expression of GHS-R1A and is present in oocytes and 
preimplantational embryos (13-15). García et al. (16) 
demonstrated that ghrelin induces the activation of Pit-1 
(POU1F1) in anterior pituitary cells of infants. Although, 
in this study we did not examine the expression of Pit-1 in 
bovine COCs, this TF could have increased expression in 
the presence of ghrelin during IVM. 

Cumulus cells play a key role in the acquisition of nu-
clear and cytoplasmic oocyte maturation (17).  Further-
more, CCs protect the oocyte against oxidative stress and 
apoptosis (18). Likewise, CC damage leads to both lower 
fertilization and blastocyst formation rates (19, 20).  In 
the present study, bovine COCs matured with different 
ghrelin concentrations resulted in a reduction of CC vi-
ability. Also, normal fertilization (formation of two pro-
nuclei) was affected when oocytes were matured in vitro 
in the presence of ghrelin. Even though, the information 
about the effect of ghrelin on oocyte maturation and early 
embryo development is scarce and contradictory. How-
ever, our findings about the negative effect of ghrelin are 
in agreement with several publications (4, 8, 9).
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Abstract 
The efficacy of in vitro fertilization (IVF) for treating human infertility has only one final efficacy index and 
that is the achievement of a delivery. However, with the evolution of the freeze-all strategy, a new problem 
is arising for evaluating the performance of an embryological team. The aim of the study was to present a 
new representative index, combining fresh and frozen embryo transfer success rates. In this opinion article, 
apart from the effectiveness of managing fresh gametes and embryos, we wish to evaluate the efficacy of 
the processes of both freezing and thawing of the produced embryos. The reporting of pregnancy rates of 
an IVF unit in the past was primarily laying in the fresh embryo transfer (ET) pregnancy rates. Now with 
the most frequent utilization of freeze-all strategy, it does not seem logical to report only on poor prognosis 
patients as all the good cases are postponed for thawed cycles. Ongoing implementation of the freeze-all 
strategy has indicated the need to establish a new representative index that may combine the success of 
both fresh and frozen cycles performed in the same woman; an index that may not be biased by the policy 
of an IVF center towards or against the freeze-all strategy. This newly proposed index, which is referred to 
as COMFFETI (Combined Fresh & Frozen Embryo Transfers per Individual), describes the optimal way to 
report final reproductive outcomes in the present opinion article. 
Keywords:: Embryo, Fresh, Frozen, Infertility
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Currently, the efficacy of in vitro fertilization (IVF) for 
treating human infertility has only one final efficacy in-
dex, which is reaching a successful delivery. However, 
there are so many confounding factors that might alter 
the achievement of a pregnancy. These factors are either 
presently unmanageable by medicine, such as the genetic 
quality of the produced eggs, sperms and the endometrial 
receptivity capacity of each individual, or manageable 
by current technology, such as gonadotrophin capacity, 
equipment capacity, culture media capacity, air quality, 
scientist’s expertise and so on (1, 2). In the last category 
the embryological team, who use the abovementioned 
techniques and equipment on a daily basis, play the cen-
tral role for an optimal outcome (3).
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Although, there are certain laboratory parameters 
that can be utilized to monitor the efficacy of a labora-
tory team, such as fertilization rate, degeneration rate, 
cleavage rate, blastulation rate, proportion of embryos 
for freezing, unfortunately the embryological staff are 
eventually solely judged by the pregnancy rates that their 
lab is achieving. This is unfortunate, because many con-
founders that intercede after their last involvement, such 
as the type of embryo transfer catheter, the capacity of the 
medical transferee, the quality of the endometrium, or the 
quality of the luteal support, are factors that can be criti-
cal for the efficiency of their work (4, 5). Moreover, with 
the increased number of freezing and sequential thawing 
steps, the vitrification technique is also considered as a 
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new confounder in the evaluation of the embryologists’ 
performance. 

With the evolution of the Freeze-all strategy, a new 
problem is arising for evaluating the performance of 
an embryological team. Apart from the efficacy of the 
management of fresh gametes and embryos, we shall 
also take into consideration the efficacy of both freez-
ing and thawing embryos. These are two extra proce-
dures, which are both dependent on the expertise of the 
person who is performing these steps, therefore might 
potentially be at risk for mistakes. Moreover, the cry-
opreservation of all high responders and presumably 
good prognosis patients complicate the situation even 
more, as only poor or average responders are allowed 
to proceed with embryo transfer (ET), putting the prob-
ability of pregnancy with fresh embryo at risk in these 
poor prognosis patients.  

Previously, the reports on pregnancy rates of an IVF 
unit were primarily based on the cases with fresh ET.  
Now with the frequent utilization of the freeze-all strat-
egy there is a risks of reporting only poor prognosis 
patients, as all the good cases are postponed for thawed 
cycles.

The rationale for the freeze-all strategy and eventu-
ally segmentation of the IVF cycle has developed over 
the recent years and is based on two pathophysiological 
facts. The main one is the endometrial receptivity, which 
is definitely violated during ovarian stimulation due to 
the supra-physiological levels of the steroid hormones. 
Devroey et al. (6) have clearly demonstrated with en-
dometrial biopsies in both agonist and antagonist proto-
cols, that the early luteal endometrial histology is always 
advanced. Moreover, when this advancement lasts for 
more than 3 days, the endometrium may be considered 
as out-of-phase, which in turn significantly reduces the 
possibility of pregnancy. The second reason is the com-

plete eradication of severe ovarian hyperstimulation 
syndrome (OHSS) when fresh ET is withheld. Then, 
starting the next month, ET can be performed in a more 
naturally prepared endometrium with the absence of any 
risks for OHSS (7).

Ongoing implementation of the freeze-all strategy has 
indicated the need to establish a new representative in-
dex that may combine the success of both fresh and fro-
zen cycles administered in the same woman, an index 
that may not be biased by the policy of an IVF center 
in favor of or against the freeze-all strategy (8, 9). This 
new index proposed as COMFFETI (Combined Fresh & 
Frozen Embryo Transfers per Individual) is described in 
the present opinion article.

The proposed COMFFETI index could be defined as 
a binomial variable [yes (1) or no (0)] reflecting the 
achievement of a pregnancy or not per individual (cou-
ple) at the end of each stimulated cycle; including fresh 
ET plus the thawed ET obtained by a single multifollicu-
lar ovarian stimulation cycle. This is a radically different 
index from the widely used index of pregnancy/delivery 
rate per transfer. 

The basic difference lies in the fact that by the old way 
of reporting clinical or ongoing pregnancy per fresh ET 
reflects the potential of pregnancy achievement follow-
ing this specific fresh ET (8), without considering the 
additional potential of success of surplus embryos ob-
tained after the same ovarian stimulation. Therefore, an 
individual that may finally achieve a pregnancy at her 
third frozen ET (1 fresh and two frozen cycles failed) 
is considered as having a 0% pregnancy rate in her first 
attempt, while if the COMFFETI index would have been 
applied, this woman would have a 100% COMFFETI 
index, as she would have achieved a pregnancy with em-
bryos still from the initial ovarian stimulation, even at 
her third frozen embryo transfer.

Table 1: Ηypothetical outcomes for hypothetical couples and potential reports in clinic A, which is fresh-cycle friendly

COMFFETIDR/ET2nd frozen1st frozenFresh 
outcome

Cryo (n)ET (n)DestinyProduced 
embryos

Fresh COCsPatient

--Neg01D2Fresh ET1D221
--Delivery4D32D3Fresh ET6D392
--Delivery4D52D5Fresh ET6D5173
NegNegNeg4D51D5Fresh ET5D5124
DeliveryNegNeg3D51D5Fresh ET4D5155
--Neg2D32D3Fresh ET2D396
NegNegNeg4D32D3Fresh ET6D3117
--Neg02D3Fresh ET2D358
--Delivery3D52D5Fresh ET5D5109
NegNegNeg4D32D3Fresh ET6D31010

40% (4/10)30% (3/10)Overall
COCs; Cumulus oocytes, ET; Embryo transfer, Neg; Negative, and DR/ET; Delivery rate per fresh embryo transfer.

COMFFETI, A New Index of Quality Control
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The value of this new index could be demonstrated 
in case we examine two theoretical examples of differ-
ent IVF centers, of which the first is in favor of fresh ET, 
while the second is practicing the freeze-all technique.  
Table 1 presents the final outcomes of 10 patients under-
going IVF treatment in an IVF center performing fresh 
ET. In case there were three deliveries achieved by the 
first ET with fresh embryos, the traditional index would 
have been 30%. Table 2 presents the same 10 patients 
undergoing IVF treatment and their final outcomes in a 
center taking the freeze-all approach. In case an IVF Unit 
has as mainstream policy to freeze embryos, the tradition-
al delivery index would be only 20%. For instance case 
number 5 (due to high response) and case number 10 (due 
to high follicular progesterone) withheld the fresh transfer 
and took the freeze-all approach. Therefore, a superficial 
outcome of the two centers would indicate that centers fa-
voring the fresh ET policy are more successful in achiev-
ing clinical pregnancies/deliveries. 

Our own data support what was mentioned in the exam-
ples above about the COMFETI index. Based on the lat-
est 50 cases of fresh embryo transfer cycles, the live birth 
rate has been 46% for the first embryo transfer, while the 
COMFFETI index has been 74% after two embryo trans-
fers. Relatively, for the last 50 cases of the freeze-all strat-
egy, the live birth rate was 58% for the first embryo trans-
fer per case while the COMFFETI index was 82%. These 
results indicate the importance of using an index, which 
reflects the cumulative results of consecutive embryo trans-
fers, especially in the freeze-all-friendly centers.

However, the consideration of pregnancies achieved “at 
the end of the day” according to COMFFETI index would 
radically change the situation. COMFFETI index would 
only have a slight increase from 20 to 30% in the first 
center, favoring fresh ETs, while in the second example, 
both cases 5 and 10 might have achieved a delivery with 
frozen embryos, and thus COMFFETI pregnancy rate 
could rise up to 60%, representing a totally different clini-
cal outcome with regards to traditional index.

The additional great advantage that COMFFETI preg-
nancy rate provides is that it incorporates the implantation 
potential of all embryos produced from a single stimu-
lated cycle. On the other hand, a drawback might be that 
COMFFETI rate is significantly related to the efficacy of 
cryopreservation techniques and the assumed increased 
success rates reported from the frozen cycles (10). There-
fore, a complete freeze-all-friendly center may not actu-
ally achieve a pregnancy from the very first fresh embryo 
transfer with the traditional pregnancy rates being even 
0%. Furthermore, one of the shortcomings of COMFFETI 
index is that you cannot include all the couples’ result into 
assessment, since some couples may take a long time to 
transfer all their vitrified embryos for ET. However, given 
the fact that especially when blastocysts are cryopreserved 
and subsequently all of them are transferred in consecu-
tive natural cycles with assumed receptive endometria, an 
increased absolute number of clinical pregnancies might 
actually be achieved by this strategy (11).

The basic endpoint of a successful IVF treatment cycle 
is giving a healthy baby to the mother (12). The interval 
required for such a purpose may not be the primary con-
cern of a rationale patient. The main concern that preoc-
cupies every subfertile woman or man is the probability 
of having a healthy baby after a stimulated cycle. It is 
mentally much more encouraging to tell the woman or the 
couple that there is a 60% cumulative chance of a success-
ful pregnancy by transferring all the embryos obtained 
through a single ovarian stimulation, rather than a 20% 
chance from the first fresh ET. 

The COMFFETI index in reproductive medical practice 
may be used to give the infertile patients a more subjec-
tive view about the realistic possibilities to have a suc-
cessful IVF cycle from the beginning of the treatment. 
Moreover, reporting to organizations like European So-
ciety of Human Reproduction and Embryology (ESHRE) 
and Center for Disease Control would become increast-
ingly objective by using the above index as a higher num-
ber of centers are moving towards the freeze-all policy, 

Table 2: Hypothetical outcomes for the same hypothetical couples and potential reports in clinic B, which is freeze-ALL-friendly 

COMFFETIDR/ET2nd frozen1st frozenFresh 
outcome

Cryo (n)ET (n)DestinyProduced 
embryos

Fresh COCsPatient

--Neg01D2Fresh ET1D221
--Delivery4D32D3Fresh ET6D392
-DeliveryNo ET6D50FRALL6D5173
NegNegNeg4D51D5Fresh ET 1D55D5124
DeliveryNegNo ET4D50FRALL4D5155
-DeliveryNo ET2D30FRALL2D396
NegNegNeg4D32D3Fresh ET 2D36D3117
--Neg02D3Fresh ET 2D32D358
-DeliveryNo ET5D50FRALL5D5109
-DeliveryNo ET6D30FRALL6D31010

60% (6/10)20% (1/5)Overall
COCs; Cumulus oocytes, FRALL; Freeze all, ET; Embryo transfer, Neg; Negative, and DR/ET; Delivery rate per fresh embryotransfer.
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and therefore only poor cases or modest responders would 
be selected for fresh embryo transfers (13, 14).
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importance. It consists of English Abstracts (Unstructured), Introduction, Case Report, Discussion, Acknowledgements, Authors' 
Contributions, and References (Up to 30). 
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H. Letter to the editors are welcome in response to previously published Int J Fertil Steril articles, and may also include interesting 
cases that do not meet the requirement of being truly exceptional, as well as other brief technical or clinical notes of general interest. 

I. Debate.

2. Submission Process

It is recommended to see the guidelines for reporting different kinds of manuscripts here. This guide explains how to prepare the 
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C. Manuscript preparation
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text pages should have consecutive line numbers in the left margin beginning with title page and continuing through the last page of 
the written text. Each abbreviation must be defined in the abstract and text when they are mentioned for the first time. Avoid using 
abbreviation in title. Please use the international and standard abbreviations and symbols.

It should be added that an essential step toward the integration and linking of scientific information reported in published literature 
is using standardized nomenclature in all fields of science and medicine. Species names must be italicized (e.g., Homo sapiens) and 
also the full genus and species written out in full, both in the title of the manuscript and at the first mention of an organism in a paper. 

It is necessary to mention that genes, mutations, genotypes, and alleles must be indicated in italics. Please use the recommended 
name by consulting the appropriate genetic nomenclature database, e.g., HUGO for human genes. In another word; if it is a human 
gene, you must write all the letters in capital and italic (e.g., OCT4, c-MYC). If not, only write the first letter in capital and italic 
(e.g., Oct4, c-Myc). In addition, protein designations are the same as the gene symbol but are not italicized.

Of note, Int J Fertil Steril will only consider publishing genetic association study papers that are novel and statistically robust. 
Authors are advised to adhere to the recommendations outlined in the STREGA statement (http://www.strega-statement.org). The 
following criteria must be met for all submissions:

1. Hardy-Weinberg Equilibrium (HWE) calculations must be carried out and reported along with the P-values if applicable [see 
Namipashaki et al. 2015 (Cell J, Vol 17, N 2, Pages: 187-192) for a discussion].

2. Linkage disequilibrium (LD) structure between SNPs (if multiple SNPs are reported) must be presented.

3. Appropriate multiple testing correction (if multiple independent SNPs are reported) must be included.

Submissions that fail to meet the above criteria will be rejected before being sent out for review.

Each of the following manuscript components should begin in the following sequence:

Authors’ names and order of them must be carefully considered (full name(s), highest awarded academic degree(s), email(s), and institu-
tional affiliation(s) of all the authors in English. Also, you must send mobile number and full postal address of the corresponding author). 

Changes to Authorship such as addition, deletion or rearrangement of author names must be made only before the manuscript 
has been accepted in the case of approving by the journal editor. In this case, the corresponding author must explain the reason of 
changing and confirm them (which has been signed by all authors of the manuscript). If the manuscript has already been published 
in an online issue, an erratum is needed.

Title is providing the full title of the research (do not use abbreviations in title).

Running title is providing a maximum of 7 words (no more than 50 characters).

Abstract must include Background, Materials and Methods, Results, and Conclusion (no more than 300 words).

Keywords, three to five, must be supplied by the authors at the foot of the abstract chosen from the Medical Subject Heading 
(MeSH). Therefore; they must be specific and relevant to the paper.

The following components should be identified in the abstract:

Introduction: The Introduction should provide a brief background to the subject of the paper, explain the importance of the study, 
and state a precise study question or purpose.

Materials and Methods: It includes the exact methods or observations of experiments. If an apparatus is used, its manufacturer’s 
name and address should be stipulated in parenthesis. If the method is established, give reference but if the method is new, give 
enough information so that another author can perform it. If a drug is used, its generic name, dose, and route of administration must 
be given. Standard units of measurements and chemical symbols of elements do not need to be defined. 

Statistical analysis: Type of study and statistical methods should be mentioned and specified by any general computer program used. 

Ethical considerations: Please state that informed consent was obtained from all human adult participants and from the parents 
or legal guardians of minors and include the name of the appropriate institutional review board that approved the project. It is 
necessary to indicate in the text that the maintenance and care of experimental animals complies with National Institutes of Health 
guidelines for the humane use of laboratory animals, or those of your Institute or agency. 

Clinical trial registration: All of the Clinical Trials performing in Iran must be registered in Iranian Registry of Clinical Trials 
(www.irct.ir). The clinical trials performed abroad, could be considered for publication if they register in a registration site ap-
proved by WHO or www.clinicaltrials.gov. If you are reporting phase II or phase III randomized controlled trials, you must refer 
to the CONSORT Statement for recommendations to facilitate the complete and transparent reporting of trial findings. Reports that 
do not conform to the CONSORT guidelines may need to be revised before peer reviewing.

Results: They must be presented in the form of text, tables, and figures. Take care that the text does not repeat data that are 
presented in tables and/or figures. Only emphasize and summarize the essential features of the main results. Tables and figures 
must be numbered consecutively as appeared in the text and should be organized in separate pages at the end of article while 
their location should be mentioned in the main text. 

Tables and figures: Tables should have a short descriptive heading above them and also any footnotes. Figure’s legend should contain a 



brief title for the whole figure and continue with a short explanation of each part and also the symbols used (no more than 100 words). All 
figures must be prepared based on cell journal’s guideline in color (no more than 6 Figures and Tables) and also in GIF or JPEG format 
with 300 dpi resolutions.

Supplementary materials would be published on the online version of the journal. This material is important to the understanding 
and interpretation of the report and should not repeat material within the print article. The amount of supplementary material should 
be limited. Supplementary material should be original and not previously published and will undergo editorial and peer review with 
the main manuscript. Also, they must be cited in the manuscript text in parentheses, in a similar way as when citing a figure or a 
table. Provide a legend for each supplementary material submitted.

Discussion: It should emphasize the present findings and the variations or similarities with other researches done by other research-
ers. The detailed results should not be repeated in the discussion again. It must emphasize the new and important aspects of the study. 

Conclusion: It emphasizes the new and important aspects of the study. All conclusions are justified by the results of the study. 
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