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Abstract

Context: Despite several studies documenting that obesity affects female and male fertility and leads to multiple adverse reproduc-
tive outcomes, the mechanisms involved are not elucidated. We aimed to summarize the potential adverse effects of female and
male obesity, as well as the impact of weight loss on their fertility status.

Evidence Acquisition: This review summarizes papers investigating the potential adverse effects of female and male obesity and
the impact of weight-loss interventions on fertility among reproductive age populations. PubMed, Scopus, Web of Science, and
Google Scholar databases were searched for retrieving studies published up to November 2019 on obesity/overweight among repro-
ductive age populations.

Results: Thereview of 68 studies revealed that female and male obesity/overweightincreases the risk of sub-fecundity and infertility.
The destructive effects of female obesity on reproduction are attributed to a variety of ovarian and extra-ovarian factors. In women
with overweight or obesity, the time taken to conceive is longer, and they have a decreased fertility rate, increased requirement for
gonadotropins, and higher miscarriage rate when compared to those with normal weight. Male obesity may lead to subfertility,
mainly because of the disruption of the hypothalamus-pituitary-gonadal (HPG) axis, increased testicular temperature, impairment
of the physical and molecular structure of sperm, decreased sperm quality, and erectile dysfunction due to peripheral vascular
disease. Most studies recommend lifestyle interventions as first-line therapy in the general population of women and men with
obesity and infertility.

Conclusions: This study shows the negative effects of female and male overweight and obesity on fertility. Therefore, educational
interventions on the adverse effects of obesity and the benefits of weight reduction, such as increasing pregnancy rate, should be

considered for couples seeking fertility.
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. Context

Obesity, a common metabolic disturbance, is defined
as an abnormal or excessive accumulation of body fat (1).
According to the current guidelines from the US Centers
for Disease Control and Prevention (CDC) and the World
Health Organization (WHO), a Body Mass Index (BMI) of >
25 kg/m? is classified as overweight, a BMI of > 30 kg/m? as
obese, and a BMI of > 40 kg/m? as severely obese (2). This
metabolic condition that is a rapidly growing threat to the
health of populations worldwide plays a major role in the
pathophysiology of various diseases, in particular, cardio-
vascular disorders (1, 3, 4).

In addition to the cardio-metabolic consequences of
obesity, there is evidence demonstrating that female and
male obesity/overweight can increase the risk of sub-

fecundity and infertility (3-5). Earlier studies have shown
that over 40% of women with menstrual disorders, infer-
tility, and recurrent miscarriages are either overweight or
obese (6). Further studies confirm that the prevalence
of anovulatory cycles, oligo-amenorrhea, hirsutism, infer-
tility, and/or sexual dysfunction is significantly higher in
obese than in normal-weight women (7, 8). Several stud-
ies conducted on male populations also suggest that male
obesity may be associated with reduced fertility and fecun-
dity rates (9). Despite the documentation of a threefold in-
crease in the incidence of obesity in patients with male fac-
tor infertility, the impact of male obesity or overweight on
fertility has been overlooked (10).

Mechanisms involved in the relationship between ex-
cess body fat and reproductive disturbances are complex
and multifactorial (3). Female obesity can influence re-
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production through an impairment in the hypothalamus-
pituitary-gonadal (HPG) axis (hyperandrogenism) and the
follicular environment (3, 11, 12). It is well documented
that in women with obesity, the time taken to conceive is
longer, and they have a decreased fertility rate, increased
requirement for gonadotropins, and elevated miscarriage
rate when compared to those with normal weight (4). Also,
male obesity may lead to subfertility, mainly because of
the disruption of the HPG axis (hypogonadism), increased
testicular temperature, impairment of the physical and
molecular structure of sperm during both spermatogen-
esis in the testis and sperm maturation in the epididymis
decreased sperm quality, and erectile dysfunction due to
peripheral vascular disease (3, 13).

While previous studies have shown that lifestyle in-
terventions such as weight loss can improve fertility in
women and men with obesity, mainly increasing the
chance of spontaneous pregnancy, controversial results
have been documented regarding the effect of these inter-
ventions on reproduction (14, 15). On the other hand, there
is evidence demonstrating that aggressive low-calorie di-
ets and surgical techniques for weight reduction may have
negative effects on fertility (8, 15).

Despite numerous studies on the relationship between
obesity and reproduction, data available are conflicting
and inconclusive. Furthermore, the exact mechanisms in-
volved in this association and the impact of weight loss
on reproduction have not been elucidated (16-20). This re-
view summarizes the potential adverse effects of female
and male obesity, as well as the impact of weight loss on
fertility status.

2. Evidence Acquisition

This study reviewed papers investigating the potential
adverse effects of female and male obesity and the impact
of weight loss on fertility among reproductive age popula-
tions. PubMed, Scopus, Web of Science, and Google Scholar
databases were searched for retrieving studies published
up to November 2019 on obesity/overweight among repro-
ductive age populations. All databases were searched us-
ing the combination of the following keywords: (“obesi-
ty” OR “obese” OR “overweight” OR “body mass index” OR
“BMI” OR “body fat” OR “body weight”) AND (“fertility” OR
“fecundity” OR “fecundability” OR “infertility” OR “infer-
tile” OR “reproduction” OR “reproductive” OR “conceive”
OR “pregnancy” OR “pregnant”). The final selection of pa-
pers was made based on their relevance with the effects of
female and male obesity and weight loss on fertility in this

age group.

3. Results

Of 240,000 records retrieved by searching the
databases, a total of 68 relevant studies were selected
for this review. We first summarize the results of stud-
ies investigating the associations between male/female
obesity and reproduction. Next, we discuss the effects of
female/male obesity on assisted reproductive technology.
Finally, the influences of weight reduction on female/male
fertility are discussed.

3.1. Female Obesity and Reproduction

Obesity/overweight is common among reproductive-
aged women. The destructive effects of obesity on re-
productive function are well documented. Many obese
women experience menstrual irregularity and infertility
due to ovulatory disorders and endometrial pathology (4).
Obesity is considered a well-known risk factor for infertil-
ity in women, which can affect both offspring’s health and
maternal health (12, 21).

One study estimated that the risk of infertility is 78%
and 27% in reproductive-aged women with obesity and
overweight, respectively, compared to those with normal
BMI (18.5 - 25) (21). Another prospective cohort study of
approximately 3000 women showed that with each unit
(kg/m?) increment in BMI, the odds of spontaneous preg-
nancy declined by 10% (22). Some studies showed an asso-
ciation between obesity and decreased pregnancy and live-
birth rates in infertile women seeking fertility treatments
(23, 24), indicating that weight loss in these obese women
can be considered an appropriate strategy before infertil-
ity treatment (3).

3.1.1. Pathophysiology

Female obesity may influence fertility through com-
plex and multiple mechanisms, which have not yet been
completely understood (Box 1) (25). The negative effects of
female obesity on reproduction are attributed to ovarian
follicular recruitment, oocyte development and quality,
oocyte fertilization, and embryo development and implan-
tation (12). Fertility is influenced by a variety of ovarian and
extra-ovarian factors. Obesity impacts neuroendocrine
and ovarian functions, leading to reduced ovulatory cycles
and fertility rates (26). It can also influence ovarian reserve,
a surrogate marker of female fertility (27). Studies on poly-
cystic ovary syndrome (PCOS) support the association of
obesity with hyperandrogenism and anovulation among
reproductive-aged women. Evidence demonstrating the
role of insulin resistance in the association between PCOS
and obesity shows that elevated insulin levels can stim-
ulate androgen production by the ovaries. In addition,
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higher triglyceride and fatty acid levels, which are associ-
ated with obesity and insulin resistance, can induce andro-
gen production in predisposed women (14). Obese women
have several abnormalities in their sex steroid concentra-
tions. They also have lower sex hormone-binding globu-
lin (SHBG) levels and higher androgen and estrogen levels
than those with normal body weight (8, 28). Obese women
often have higher circulating levels of insulin and andro-
gen; androgen is aromatized to estrogens at higher rates
in the periphery due to the excess of adipose. Estrogens
can result in negative feedback on the HPG axis and go-
nadotropin impairment (increased secretion of luteiniz-
ing hormone), which leads to ovulatory dysfunction and
menstrual abnormalities (25).

Box 1. The Main Mechanisms Involved in the Effects of Female Obesity/Overweight
on Fertility

Effects of Female Obesity/Overweight on Fertility

1) Disturbances in the hypothalamus-pituitary-ovary axis®

1T1H

| SHBG

1 Androgen

| Estrogen
2) Impact on the number and quality of the oocyte

| Ovarian reserve

1 Insulin and insulin resistance lead to hyperandrogenism
3) Indirect effects

1 Triglyceride and fatty acids lead to insulin resistance, further
hyperandrogenism, and toxic effect in reproductive tissues

Abnormal levels of adipokines lead to a decrease in ovarian
responsiveness to gonadotropin, impairing steroidogenesis, and
damaging the developing embryo

Disrupted meiotic spindle formation and mitochondrial dynamics
lead to disrupting the oocyte and preimplantation embryo

Inflammation, coagulation, and fibrinolysis lead to a deleterious effect
on the reproduction organs

Impaired receptivity increases the risk of placental abnormalities as
manifested by higher rates of miscarriage, stillbirth, and preeclampsia
in the obese population

Abbreviations: LH, luteinizing hormone; SHBG, sex hormone-binding globulin;
1, increase; J,, decrease.

?All these hormonal disturbances can lead to hyperandrogenism and ovulatory
dysfunction.

Obesity can also alter the profiles of specific hormones
such as insulin, adipokines, growth hormone (GH), and
insulin-like growth factor binding proteins (IGFBP), lead-
ing to impairments in a woman’s fertility. There are as-
sociations between energy metabolism and fertility in fe-
males (4). Recent studies suggest that the normal func-
tioning of adipose tissue and its hormones (adipokines)
is critical to preserve the integrity of the HPG axis. In-
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deed, the abnormal levels of adipokines, viz. leptin, can
be associated with insulin resistance (IR). Subsequently,
hyperinsulinemia and insulin resistance can affect ovar-
ian and endometrium function by inducing hyperandro-
genism and alterations in steroidogenesis (4). Obesity can
influence the oocytes and preimplantation embryo by dis-
rupting meiotic spindle formation and mitochondrial dy-
namics. In addition, an increase in free fatty acids may
lead to a toxic effect in reproductive tissues, causing cel-
lular and chronic inflammatory states (5). Increased adi-
posityisalsorelated to inflammation, coagulation, and fib-
rinolysis, and these changes may have a deleterious effect
on reproduction (27). Furthermore, obesity can correlate
with impaired receptivity, thereby increasing the risk of
placental abnormalities as manifested by higher rates of
miscarriage, stillbirth, and preeclampsia in obese popula-
tions (5).

3.1.2. Impact of Female Obesity on Abnormal Uterine Bleeding

Obesity is considered an important risk factor for men-
strual cycle disorders (8). Data show the earlier onset of
menarche in obese women than in normal-weight coun-
terparts (26). Subsequently, the onset of ovarian failure
and menopause is earlier in obese than in normal-weight
women (29). A higher incidence of longer and more irreg-
ular menstrual cycles has been reported in obese women
aged 43 - 55 years (30). The rates of menstrual cycle dis-
turbances and oligo-anovulation are three-fold higher in
obese women than in those with normal weight; how-
ever, a study has shown the negative effects of obesity
on women’s reproductive health, even in women without
ovulatory or menstrual dysfunction (31).

Although the precise mechanism of the effect of obe-
sity on menstrual irregularity has not yet been elucidated,
endocrine disorders, viz. elevated levels of estrogen, via
the peripheral conversion of androgens to estrogen play a
substantial role. Moreover, the role of adipokines, i.e., lep-
tin, in the regulation of gonadotropin secretion and the
induction of the development of pubertal stages, is well
documented (32). Furthermore, hyperinsulinemia and in-
sulin resistance in obese women can intensify the activity
of the luteinizing hormone (LH) in granulosa cells, leading
to premature luteinization and consequently, follicular ar-
rest,impaired endometrium, and eventually menstrual cy-
cle disturbances (4, 27).

3.1.3. Impact of Female Obesity on Oocytes

Data available support the impact of over-
weight/obesity on oocyte quality (5). Diet-induced obesity
(DIO) in mouse models demonstrated that the ovaries that
have more apoptotic follicles and oocytes are smaller and
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less likely to be mature (33); these abnormal oocytes often
have high rates of meiotic aneuploidy with fragmented,
disorganized meiotic spindles and improperly aligned
chromosomes on the metaphase plate (34). Indeed, obe-
sity can alter the mitochondrial function of the oocyte.
In addition, evidence shows endoplasmic reticulum (ER)
stress in the obese state. Moreover, the cumulus-oocyte
complexes of mice fed with a high-fat diet show that the
increased expression of ER stress markers can increase
granulosa cell apoptosis. It also seems that obesity in-
fluences the oocyte and pre-implantation embryo by
disrupting meiotic spindle formation and mitochondrial
dynamics (5). Obesity can also be associated with oocyte
damage through a lipotoxicity effect on the oocyte. In-
flammatory pathways are essential in reproductive events
such as follicle rupture at the time of ovulation and the
invasion of trophoblasts to the receptive endometrium,
and the altered inflammatory milieu in obese women can
most likely exert an influence on these processes (5). In
addition, the abnormal levels of leptin in obese women
may impair follicle development, ovulation, and oocyte
maturation (35).

Aretrospective analysis conducted on infertile couples
revealed that overweight women (BMI > 25 kg/m?) had
relatively fewer metaphase II oocytes collected (36). Sim-
ilarly, a prospective study could reduce the number of
oocytes, the concentration of intra-follicular human chori-
onic gonadotrophin (hCG), and the number of mature
(metaphase II) oocytes retrieved in obese women (BMI >
30 kg/m?), although these reductions were not statistically
significant (37).

The fertilization rate is a surrogate marker of oocyte
quality. Some studies showed a decreased rate of fertiliza-
tion in overweight or obese women, compared to normal-
weight ones (38-40), whereas others reported no such ef-
fect (41, 42). However, investigators suggest that increased
rates of pregnancy loss and miscarriage can be attributed
to impaired oocyte quality (43).

3.1.4. Impact of Female Obesity on Endometrium and Implanta-
tion

The endometrium is another potential target of the
abnormal environment created by obesity (12). Several
studies evaluating the impact of obesity on endometrial
development, uterine receptivity, implantation, and mis-
carriage, have documented inconsistent results; some
showed a reduction in the implantation rate among obese
women (20, 44, 45), whereas others reported no such effect
(41, 46).

A recent study showed that compared to normal-
weight women, obese women receiving oocytes from

normal-weight donors were less likely to conceive. This
study suggested that the endometrium of these women ex-
hibits dysregulated genes related to molecular functions,
such as protein binding, and biologic processes, including
development, morphogenesis, and immunity (47). Indeed,
decidualization defects in obese women may contribute to
compromised endometrial receptivity and poor implanta-
tion. In addition, in vitro studies have demonstrated that
leptin can affect steroidogenic pathways in granulosa cells
leading to downstream effects on endometrial receptivity
and embryo implantation (5). Robker (48) suggested that
areduction in oocyte developmental competence may im-
pair the developmental potential of the embryo, which
may lead toan impaired implantationrate and subsequent
abnormal implantation/trophoblastic invasion.

3.1.5. Impact of Female Obesity on Egg

It is documented that both oocyte maturation and
metabolism are impaired due to obesity, which, in turn,
negatively affect further development (31). In fact, a fine
hormonal balance regulates follicular development and
oocyte maturation, and obesity can alter the hormonal en-
vironment (49). In addition, obesity can induce elevations
in insulin, glucose, free fatty acids, and C reactive protein
(CRP), and changes in adipokines apparently impact the
developmental competence of the oocyte (31, 35).

Animal studies have demonstrated that abnormal con-
centrations of leptin can impair follicle development,
ovulation, and oocyte maturation (35). In addition, the
changed levels of leptin in obese females can also affect
steroidogenesis, directly damaging the developing em-
bryo (5). In vivo studies showed that any of these hor-
mones or metabolites can negatively influence oocyte de-
velopmental competence (31). In agreement with previ-
ous studies, PCOS studies demonstrated that obese PCOS
women with hyperinsulinemia and impaired glucose tol-
erance had lower fertilization and implantation rates than
their non-obese PCOS counterparts (50). Nevertheless, fur-
ther research is required for a deeper insight into the un-
derlying mechanisms of the effects of obesity on oocyte de-
velopment (31).

3.1.6. Obesity and Time to Pregnancy

Obesity is associated with increased time taken to con-
ceive (47). A study from the USA showed reduced fecun-
dity in both overweight (OR 0.92, 95% confidence inter-
val [CI]: 0.84 - 1.01) and obese (OR 0.82, 95% CI: 0.72 - 0.95)
women compared to women with normal weight (51). A
study conducted by van der Steeg et al. (22) on 3,029 cou-
ples demonstrated a linear decline in the probability of
spontaneous pregnancy in women with a BMI of 29; they

Int ] Endocrinol Metab. 2020;18(3):e101776.



Amiri M and Ramezani Tehrani F

also found that each unit increase in BMI was associated
with a 4% - 5% lower pregnancy rate. A prospective study
showed that the risk of infertility was threefold higher in
obese women than in non-obese ones and concluded that
obese women needed a longer time to conceive than their
normal-weight counterparts (52). There are data demon-
strating that time taken to conceive spontaneous preg-
nancy increases in obese women, even those with regular
ovulation (12).

3.2. Male Obesity and Reproduction

Obesity has multifactorial effects on male reproduc-
tive function (53). Male factors are estimated to con-
tribute to up 50% of subfertility cases, with 31.5% being
attributed solely to a male factor (10). Obesity in men is
most likely associated with reduced fertility and fecundity
rates (9). Population-based studies have reported the in-
creased chance of abnormal semen parameters and subfer-
tility among overweight and obese men (18, 54, 55).

A recent study showed a higher prevalence of low
ejaculatory volume and oligo-zoospermia in obese men
with increased BMI and waist circumference (55). A cross-
sectional study revealed that increasing body adiposity in
men was associated with lower sperm concentration, a
higher percentage of abnormal sperm morphology, and
increased body adiposity (56). Changes in sperm function
as aresult of obesity may be associated with impaired em-
bryo development and reduced live birth rates (57).

Most available studies have been conducted on men
undergoing assisted reproductive technology (ART) treat-
ments. A meta-analysis of 11 studies showed that high BMI
in men was associated with a significant reduction in the
pregnancy rate and live birth rate per in vitro fertilization-
intracytoplasmic sperm injection (IVF-ICSI) treatment cy-
cle; they concluded that male BMI could be an important
factor influencing the IVF-ICSI outcome (58). Despite the
extensive knowledge on the association between obesity
and female fertility, the impact of male obesity or over-
weight on fertility remains unclarified.

3.2.1. Pathophysiology

The main mechanisms responsible for the effects of
male obesity on their infertility mostly remain ambigu-
ous and unexplained. However, it is suggested that obesity
may negatively influence reproductive function among
men through numerous mechanisms, including lower
serum testosterone, higher serum estradiol levels, im-
paired spermatogenesis and erectile dysfunction (due to
atherogenic effect on peripheral vasculature), increased
testicular heat, and elevated inflammatory mediators (Box
2) (59, 60).
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Box 2. The Main Mechanisms Involved in the Effects of Male Obesity/Overweight on
Fertility

Effects of Male Obesity/Overweight on Fertility

1) Disturbances in the hypothalamus-pituitary-testis axis*
Normal or | LH
| SHBG
1 Aromatization of testosterone
| Testosterone
1 Estrogen
2) Effect on sperm quality

Sperm DNA damage (leading to lower pregnancy and higher
miscarriage rates)

1 Testicular temperature (leading to reducing sperm quality and
infertility)

Impairment of the physical and molecular structure of sperm during
both spermatogenesis in the testis and sperm maturation in the
epididymis

1 Sperm concentration, sperm motility, and acrosome reaction decline
3) Indirect effects

Chronic inflammation in the reproductive tract and an increase in
scrotal temperature due to high-fat content in the scrotum area

Abnormal levels of adipokines (leading to hypogonadism, severe
inflammation, and oxidative stress in the male reproductive tract,
which can damage testicular and epididymis tissues)

Erectile dysfunction due to peripheral vascular disease

Abbreviations: LH, luteinizing hormone; SHBG, sex hormone-binding globulin;
1, increase; |, decrease.
?All these hormonal disturbances can lead to spermatogenesis impairment.

In normal men, gonadotropin-releasing hormone
(GnRH) is produced and released from the hypothalamus,
leading to the stimulation and production of the follicle-
stimulating hormone (FSH) and LH from their anterior
pituitary. FSH and LH then act on the testicle to stimulate
spermatogenesis and steroidogenesis, respectively. Obese
men have normal or decreased LH levels, decreased total
testosterone levels, and reduced SHBG levels (60).

Male obesity can also influence fertility through in-
creased testicular temperature with sedentary lifestyles,
increasing estrogen production in fat with the disruption
of the HPG axis (3). Adipokines produced by adipose tis-
sue may induce severe inflammation and oxidative stress
in the male reproductive tract, which can damage testicu-
lar and epididymis tissues (60). Previous studies showed
that leptin has a direct effect on the regulation of testos-
terone production in the testicle, demonstrating a corre-
lation between high circulating leptin levels and hypogo-
nadism (60). However, it should be kept in mind that the
effects of male obesity on fertility are likely multifactorial.
In addition, obesity is often associated with metabolic dis-
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orders, including metabolic syndrome, hyperlipidemia,
cardiovascular disease, and proinflammatory state, all of
which can predispose to male subfertility (57).

3.2.2. Impact of Male Obesity on Sperm Quality

There is strong evidence that obesity can impair the
physical and molecular structure of sperm during both
spermatogenesis in the testis and maturation in the epi-
didymis. Compared to normal-weight men, those with
overweight or obesity may have decreased sperm quality
(in concentration and motility, declined acrosome reac-
tion,and increased sperm DNA damage) and lower embryo
implantation rates. Indeed, the excessive visceral adipos-
ity in obese males can result in changes in their hormone
levels, resulting in chronic inflammation in the reproduc-
tive tractand increased scrotal temperature due to high-fat
content in the scrotum area, all of which can reduce sperm
quality and cause male infertility risk (60).

Human and animal models have demonstrated the
association of male obesity with sperm parameters, al-
though the impact of male obesity on sperm count, motil-
ity, and morphology in humans is controversial (57). A
meta-analysis of 25 studies showed that in men with ab-
normal weight, all sperm parameters, including total
sperm count, sperm concentration, and semen volume,
decreased by 2.4%, 1.3%, and 2.0%, respectively, compared
to normal-weight men for every five-unit increase in BMJ;
these findings suggest that obesity may be a detrimental
factor in male infertility (61).

3.2.3. Male Obesity and Infertility

Simultaneously with the epidemic of obesity, male in-
fertility is increasing rapidly worldwide, suggesting obe-
sity may be a detrimental factor in male infertility (61),
which can increase male infertility risk, mainly through
sex hormone imbalances (hypogonadism), detrimental ef-
fects on spermatogenesis, and abnormal production of
inflammatory factors (60). A recent study revealed that
obesity was associated with approximately 20% increased
cases of subfertility and infertility (61). A large cohort of
26,303 planned pregnancies showed that the OR of infer-
tility at 12 months was 1.2 (95% Cl:1.04 - 1.38) in overweight
men and 136 (95% Cl: 113 - 1.63) in obese men, compared
to their normal-weight counterparts (62). Another study
from the USA reported an association between increased
BMI and infertility and showed that each 3 kg/m? increase
in BMI was associated with a 1.2-fold increase in the risk of
subfertility (63). Although the impact of obesity on female
fertility is well understood, male infertility as a result of
obesity has been overlooked, despite a threefold increase

in the incidence of obesity in patients with male factor in-
fertility (64).

3.3. Female/Male Obesity and Assisted Reproductive Technology
3.3.1. ART in Infertile Obese Women and Men

Several studies suggest that both male and female obe-
sity may have adverse effects on the pregnancy of ART, such
as the poor quality of the oocyte and sperm, decreased live
birth rate, cycle cancellation, and miscarriage (19, 20, 53,
65, 66).

It is well documented that sex steroid hormone dys-
regulation may lead to longer periods of follicular stimu-
lation, more follicular asynchrony, cycle cancellation, and
lower live birth rates among obese women who undergo
IVF as their ART compared to normal weight infertile pa-
tients. Hence, each one-unit increase in BMI decreases the
probability of pregnancy in IVF by 2.2% - 4.3%. In addition,
the implantation rates of obese women are lower than
those with normal weight. The impact of obesity may also
contribute to aberrant gene expression regulation during
the window of implantation (11). Moreover, these women
often have a higherrisk of miscarriage after an ART concep-
tion and are less likely to achieve a live birth after IVF, com-
pared to normal-weight women; these risks maybe a result
of abnormal endometrial development and implantation
(12), indicating that overweight and obesity can be asso-
ciated with destructive outcomes for women undergoing
IVF due to the poor oocyte quality, lower pre-implantation
rate, and uterine receptivity (20). A recent meta-analysis of
49 studies showed that overweight and obese women have
asignificantly lower live birth rate following ART than have
women with normal BMI (19).

Male obesity/overweight can also have adverse out-
comes for men undergoing IVF, mainly due to abnormal
sperm parameters (55). A meta-analysis of 30 studies (a
total of 115,158 male participants) showed that obese men
had a higher odds ratio of infertility, whereas the odds of
live births per cycle of ART reduced in these men; they also
had a 10% increase in the absolute risk of non-viable preg-
nancy. This meta-analysis demonstrated that obese men
had anincreased percentage of sperm with low Matrix Met-
alloproteinase (MMP), DNA fragmentation, and abnormal
morphology. These findings suggest that male obesity is
associated with reduced reproductive potential (54). A fur-
ther meta-analysis of 10 cohort studies, including 5,262
male participants, showed that overweight or obesity had
no significant impact on the clinical pregnancy rate, in-
cluding IVF, ICS], live birth, and sperm concentration com-
pared to those with normal weight following IVF/ICSI treat-
ments (18). Despite the data available regarding the impact
of male BMI and ART outcomes, much controversy exists in
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the results of these studies, and the role of male obesity in
the process of ARTis not elucidated, indicating the need for
further investigations.

3.3.2. ART Outcomes in Obese Donor Oocyte/Sperm Recipients

Female obesity can impair the reproductive outcome
of ovum donation, probably due to reduced uterine recep-
tivity (67). Some researchers suggest that alterations in en-
dometrial gene expression in the peri-implantation period
differ in obese women, compared to their normal-weight
counterparts (12, 68). Several studies have evaluated the
reproductive outcome of recipients of a donated oocyte,
with conflicting results (45, 67, 69, 70). While two stud-
ies demonstrated BMI-related impact on the measures of
reproductive success (embryonic implantation rate, clin-
ical pregnancy rate, miscarriage rate, and chances of live
birth) (69, 70), others did not (45, 70). Finally, a recent
meta-analysis of five studies demonstrated that the chance
of pregnancy after IVF did not differ between obese donor
oocyte recipients and those in the normal BMI range, the
findings suggesting that obesity does not affect IVF out-
comes in women using donor oocytes. Hence, it seems
that oocyte quality rather than endometrial receptivity is
the important factor influencing IVF outcomes in obese
women using autologous oocytes (68).

Two studies evaluated the effects of male BMI on fertil-
ity. One study demonstrated that the BMI of men does not
correlate with sperm parameters although it influences
the quality of the embryos so that itimpacts the pregnancy
rate (71). Similarly, another study showed that increased
male BMI does not affect the live birth success (72); how-
ever, these two studies have not assessed the effects of male
BMI on reproductive outcomes in obese donor sperm re-
cipients.

3.4. Weight Reduction and Female/Male Fertility

Therapeutic interventions for weight reduction, in-
cluding conservative (lifestyle modifications and phar-
macologic agents) or surgical approaches can be associ-
ated with an increase in female and male fertility, mainly
through improving hormonal profiles, the spontaneous
return of ovulation, and increasing oocyte and semen qual-
ity (8,15, 28, 49).

Despite the controversy about the effects of weight
reduction, particularly with surgical methods (8, 28), on
improving reproduction, most available studies support
the positive association between weight reduction and im-
proved chances of pregnancy and live birth among obese
infertile women (3, 21, 28). The Danish National Birth Co-
hort among 2,374 women showed that those who were
overweight or obese and had lost or maintained a weight
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between pregnancies had, on average, 5.50 days’ shorter
time to pregnancy for each 1 kg decrement in weight (21).
A recent meta-analysis of 40 studies showed that non-
surgical weight reduction strategies can improve repro-
ductive outcomes in both infertile men and women (3).

Despite the existing studies assessing the benefits of
lifestyle interventions as first-line therapy in the general
population of women with obesity and infertility, these
interventions are generally the preferred approaches to
preconception weight loss, compared to bariatric surgery
or pharmacologic agents (14). Weight reduction can im-
prove reproductive outcomes through regulating men-
strual cycles and increasing the chance of spontaneous
ovulation and conception in anovulatory overweight and
obese women (35).

Generally, pharmacologic agents such as metformin
are not prescribed to improve fertility in infertile women
mainly because of the potential consequences on the
health of mothers and their offspring (14). In addition,
bariatric surgery cannot be recommended as a first-line
fertility treatment for obese women. According to the
American Society for Metabolic and Bariatric Surgery rec-
ommendations, bariatric surgery should be considered for
a person with BMI > 40 kg/m?, > 100 pounds overweight,
or BMI > 35 kg/m? and at least two obesity-related co-
morbidities (13). The exact mechanism of increased fer-
tility after weight reduction with bariatric surgery is yet
unknown. On the other hand, there is evidence indicat-
ing the negative effects of bariatric surgery on fertility (8,
73). The most commonly performed bariatric procedure
is Roux-Y gastric bypass; restrictive and malabsorptive op-
erations are not common since these techniques are of-
ten associated with a high risk of long-term adverse effects
(8). There is also evidence demonstrating that a balance
in dietary fat, moderation of physical activity, and man-
agement of a healthy body habitus can improve the se-
men quality and birth outcomes; however, further detailed
studies are needed to clarify the impact of these interven-
tions in subfertile males (15).

Several guidelines recommend lifestyle changes be-
fore infertility treatments, such as IVF (74). However,
the optimal weight-loss threshold that should be recom-
mended to improve fertility and pregnancy outcomes has
notyetbeen determined. Moreover, itis unknown whether
specific lifestyle modifications have a direct effect on fertil-
ity in addition to promoting weight loss (14). Further well-
designed and powerful randomized controlled trials may
clarify these uncertainties.

The main strengths of this study were the relatively
large number of studies reviewed, and the assessment of
the diverse effects of obesity on fertility in both male and
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female populations. However, this review had some limi-
tations that should be considered. First, a limited number
of studies have assessed the effects of obesity on male in-
fertility, with controversial results. Second, most studies
reviewed for the study were conducted on individuals un-
dergoing ART, and there was a lack of studies to explain
the association between obesity and fertility in the gen-
eral population. Finally, there was insufficient data on re-
production outcomes in obese donor oocyte/sperm recipi-
ents. Therefore, more well-designed studies are needed to
address the effects of male and female obesity on repro-
ductionin different populations, in particular obese donor
oocyte/sperm recipients.

4. Conclusions

This review showed the negative effects of female and
male overweight and obesity on their fertility, indicating
the need for educational interventions based on the ad-
verse effects of obesity and the benefits of weight reduc-
tion in increasing pregnancy rates among couples suffer-
ing from infertility.
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