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Abstract

Background: The health risks of obesity are a forever growing concern for
societies worldwide. With the advent of Assisted reproductive technology
more couples can achieve fertility which includes overweight and obese men
and women. The review intends to explore the impact of overweight and obe-
sity on human reproductive potential and explores ways of optimising out-
come and minimising risk through development of sound recommendations.
Aim: To determine the impact of obesity on infertility in men and women
and recommendations to optimise reproductive outcome. Method: Relevant
published reviews on the subject were searched on the PubMed, Google
scholar, Medline, and Cochrane library within the past 10 years, from 2011 to
2021. Results: Thirty-six articles met the criteria. Twenty-six of these were
qualitative studies and ten were quantitative. The main themes were increas-
ing prevalence and burden of disease, impact on male and female obesity and
assisted reproductive outcomes. Conclusion: Overall, it is evident that over-
weight and obesity negatively effects reproductive health of both men and
women. It has numerous sequalae in men and women of reproductive age
group with lasting impact on following progeny. These risks are minimised
both in short and long term by weight loss strategies and there is need for
more literature on the subject.
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1. Introduction

Obesity is defined as a medical condition in which excess body fat has accumu-
lated to an extent that it may have a negative impact on health. The World
Health Organization (WHO) defines the body mass index (BMI) equal to or is

greater than 25 kg/m’, overweight, whereas if the BMI equals to or is greater
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than 30 kg/m?, it is considered obesity [1].

The Global Burden of Disease study, 2017, estimates that 4.7 million people
died prematurely in 2017 because of obesity [2]. The current prevalence of
overweight and obese adults in UK is 67% for men and 60% for women [3]. This
included 26% of men and 29% of women who were obese. In England 1 in 3
children leaving primary school are overweight or living with obesity with 1 in 5
living with obesity [3].

The Health Survey for England (HSE) that, monitors trends in the nation’s
health and care found that 43% of adults aged 16 and over had at least one long-
standing medical condition and 16% of children aged up to 15 years old had at
least one longstanding medical condition. The above data not only highlights the
significant burden of obesity but also the risks it is associated with. It is likely to

be the biggest cause of preventable death the near future [4].

1.1. Obesity and Infertility

National Institute for Health and Clinical Excellence (NICE) defines Infertility
as failure to achieve a clinical pregnancy after 12 months or more of regular un-
protected sexual intercourse [5]. In the UK, infertility affects approximately 1 in
7 couples. There is evidence that higher the BMI, greater the risk of comorbid-
ities such as diabetes mellitus, high blood pressure, dyslipidaemia, cardiovascu-
lar disease, obstructive sleep apnoea, various types of cancer and over-all mortal-
ity [6]. Furthermore, there is evidence that a high BMI is also associated with in-
fertility [7] [8].

In women of childbearing age, the risk of infertility is increased by 78% and
27% with obesity and overweight, respectively, as compared with women of
normal weight (BMI 18.5 - 25) [9]. Obesity negatively affects both menstrual
[10] and ovulatory [11] functions in women of reproductive age group. They also
indicated impact on development of oocytes. Studies have also discussed detrimen-
tal effect of obesity and overweight on quality of oocyte [12] [13] [14]. Broughton
and Jungheim, 2016, discussed in their paper that obese women have disruption of
hypothalamic pituitary axis (HPO) and impairment of pre-implantation trophob-
lasts [15]. Most women with PCOS are overweight, with estimates of the preva-
lence of obesity in PCOS ranging from 35% to 63% [16]. Higher serum leptin
levels can result in negative impact on endometrial receptivity and embryo im-
plantation [17] [18].

The effect of obesity on male fertility is thought to be multifactorial and may
be modulated by genetic, endocrinal, and environ-mental influences [19]. Male
obesity is suspected to cause alterations in semen parameters, especially sperm
concentration, total sperm count, total motile sperm count, total progressively
motile sperm count, sperm morphology and DNA fragmentation [20] [21]. In-
crease in BMI also increases seminal macrophage activation. This leads to de-
creased sperm motility, increased sperm DNA damage, decreased acrosome

reaction and lower embryo implantation rates following IVF [19]. Obese men
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have 1.3-fold higher risk of erectile dysfunction [22]. Salleman et al, 2006, re-
ported, odds of infertility increase by 10% for every 9 kg a man is overweight
[23].

The growing rates of obesity have resulted in increased demands of Assisted
Reproductive technology (ART) and raises significant clinical and ethical di-
lemmas. Obese and overweight women respond poorly to clomiphene stimula-
tion and usually require higher doses of gonadotrophins for ovulation induction.
Ovarian stimulation results in fewer follicles for harvest [24]. The preimplanta-
tion embryo is also affected by an obese environment [25]. Comparison of hu-
man IVF cycles in obese women have been shown to be more likely to result in
poor quality embryos [12] [13]. Pregnancy rates have been found to be lower
and increased early pregnancy loss rates.

It has significant negative impact on maternal and perinatal morbidity. Evi-
dence looking at the impact of maternal obesity at conception on offspring has
shown significantly higher odds of antenatal complications like gestational dia-
betes, pre-eclampsia, caesarean delivery, postpartum depression, and lower live
birth rates [26]. New-born of obese mothers are at higher risk of preterm birth,
macrosomia, congenital anomalies, and early development of obesity and diabe-
tes. Given the fertility problems and the substantial risk to maternal and foetal
health some countries restrict assisted reproduction treatments until women
have achieved sufficient weight loss [24].

In the United Kingdom, public funding for fertility service is limited and strict
guidance exists for who can be offered treatment under National Health Services
(NHS). BMI is a universal criterion that is adopted by both public and private
sector [27]. Though the referral criteria for IVF in United Kingdom is based on
individual NHS clinical commissioning groups (CCGs), most CCGs recom-
mend, women who are overweight or underweight will be offered referral to di-
eticians to improve their BMI before referral to ART. Women with a BMI less
than 19 and greater than 30 will not be funded [28].

Obesity is modifiable risk factor. Its negative influence on reproductive health
and outcomes can be optimised by weight loss and life changes. In, 2010, Euro-
pean Society of Reproduction and Embryology (ESHRE) recommended that the
goal of 5% weight loss should be mandatory before accessing fertility treatment.
This was based on the improved success with treatments, prevention of preg-
nancy complications and neonatal complications with lifestyle modifications and
weight loss. In this literature review, we aim to review evidence of effects of obe-
sity on the reproductive health of both men and women, its association with in-
fertility and ART outcomes, benefits accrued from weight loss and lifestyle
modification and management to improve fertility and pregnancy outcomes.
The review will also explore impact, success, and complications of ART in over-

weight and obese couples [29].

1.2. Cost analysis of Obesity

It is estimated that the NHS spent £6.1 billion on overweight and obesity-related
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ill-health in 2014 to 2015. Obesity has a serious impact on economic develop-
ment. The overall cost of obesity to wider society is estimated at £27 billion. The
UK-wide NHS costs attributable to overweight and obesity are projected to reach
£9.7 billion by 2050, with wider costs to society estimated to reach £49.9 billion
per year [3] [4].

2. Aims and Objective

The current literature review has systematically looked at published literature
with aim to determine the impact of obesity on infertility in men and women.
The review identified various methodologies utilised, potentials for future re-
search and comment on the literature on the subject. We have developed rec-
ommendations for optimising reproductive health outcomes in overweight and

obese men and women.

3. Method

A systematic review of literature was performed to identify the effects and im-
pact of obesity on male and female infertility and optimising outcomes with

weight loss and lifestyle modifications.

3.1. Search Strategy

Relevant published reviews on the subject were searched on the PubMed, Google
scholar, Medline, and Cochrane library within the past 10 years. A priori review
protocol was followed. A review of both published and grey literature was also
carried out. Language was restricted to English. Keywords to cover all types of
studies on obesity and infertility [“BMI “OR “obese” OR “overweight”] AND
[ “infertility” OR “Subfertility” OR “Subfecundity” male/female] AND [“IVF”
OR “ART” OR “ICSI”’] AND [“Intervention” OR “Weight loss” OR “weight Man-
agement” OR “Lifestyle modifications”] AND [“outcomes” OR “Live birth rate”
OR “pregnancy complications” OR “physiology”].

3.2. Inclusion and Exclusion Criteria

Inclusion criteria were all male and female in reproductive age group >= 18
years and data reported on BMI > 25 kg/m” seeking fertility. Use of interventions
like lifestyle modification and weight loss to achieve fertilisation. All studies re-
porting effect of BMI on ART outcomes. Exclusion criteria were known systemic
illness, advanced age, smoking or those not trying to conceive. Studies that used
any alternate parameters for overweight and obese like waist hip ratio will also
be excluded.

Due to qualitative nature of the review, no discrimination was made between
qualitative and quantitative data. There were many published reviews on the
obesity and infertility. Expert opinions, unsystematic reviews, editorials, over-
view articles, commentaries, recommendation articles, and perspectives could

result in bias, therefore, they were excluded. Individual case studies were also not
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be included.

3.3. Outcome Measures

The outcome of interest would be likelihood of infertility, pregnancy rate, live
birth rate.

4. Results

The search strategy returned a total of 17,400 electronic citations from 2011 to
2021. A total of 151 full manuscripts were retrieved following removal of dupli-
cates and exclusion by title and abstracts. After application of inclusion and ex-
clusion criteria, 36 articles were included in this literature review. Twenty-six of
these were qualitative studies and ten were quantitative. The main themes iden-

tified from the analysis are discussed in the review.

5. Impact of Male Obesity on Infertility
5.1. Epidemiology of Male Infertility and Obesity

It is estimated that one in seven couples in the UK has trouble conceiving [5].

Male infertility underlies or contributes to up to 50% of infertility cases. Data

from the Human Fertilisation and Embryology Authority, indicate that male

Total Number of after searching the

database
n= 17400
Removal of duplicates and
R citations
[ >
n=17.249
V

Full manuscripts retrieved.
n=151

Articles that did not meet the
~ inclusion criteria.

n=115

YV

Articles included in the review.
n=36

Figure 1. Flow chart for literature search and study selection.
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infertility accounts for 37% of in vitro fertilisation (IVF) treatments, usually in
combination with intracytoplasmic sperm injection (ICSI). Although over 50%
of cases of male infertility are idiopathic or unexplained there are several other
causes attributed one of which is obesity. According to Karavolos et al, 2020,
recent data has shown statistically significant relationship between overweight
and obesity, with sperm parameter analysis showing more likely oligo-zoospermic
or azoospermia compared with men who are within a normal weight range [30].
With the rise in rates of obesity its impact on infertility can become far more

concerning (Figure 1).

5.2. Relationship between Overweight or Obesity and
Male Infertility

Several studies have looked at the impact of overweight and obese on male re-
production and alteration in normal sperm parameters. Shukla et al, 2014 and
Chambers, 2015 discuss that the current scientific literature suggest the distur-
bance of multilevel complex physiological system [31] [32]. These disturbances

are summarised below as evident from the review.

5.2.1. Hypogonadism

Hypogonadism is defined as decreased or absent gonadal function in males and
is characterized by reduced testosterone levels [33]. Hammoud ef al, found that
BMI is the most powerful predictor of male hypogonadism. Study conducted by
Camacho ef al. 2013, recruiting men for the European Male Aging Study, found
a longitudinal relationship between body weight and hypogonadism [34]. They
also describe the hormonal profile specific to obese men characterised by de-
creased total and, often, free T levels, decreased gonadotropin levels, and in-
creased circulating oestrogen levels [35]. The decrease in testosterone is propor-
tionate to level of obesity as established by historic studies and is the basis of
Cohen’s hypothesis. De Vincenzo et al, 2018 discuss that obesity and, particu-
larly, visceral adipose tissue expansion represents a strong risk factor for the de-
velopment of male hypogonadism and this state is referred to as male obesity
secondary hypogonadism (MOSH) [36]. Sultan ef al, 2020, in their review,
quantified the risk of developing secondary male hypogonadism, increases by
8.7-fold for patients with BMI > 30 kg/m* [37]. Interestingly, further data ex-
plored by Sultan et al, 2020, show that men with BMI of 35 - 40 kg/m? can have
up to 50% less free and total testosterone when compared to age matched peers
with a normal BMI [37].

5.2.2. Effect on HPG Axis

It has been long established that, decreased testosterone and increased oestrogen
interferes with HPG axis. Katib et al, 2015 discuss the disruption of negative
feedback loop of HPG axis [19]. Overweight and obese men have higher adipose
tissue which results in increased production of hormone adipokine. This results

in increased aromatase cytochrome P450 enzyme activity, which then causes in-
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creased aromatisation of testosterone to oestrogen [19]. Increased oestrogen has
negative effect on the hypothalamus that alters the gonadotropin-releasing hor-
mone (GnRH) pulses and suppresses gonadotropin (follicle-stimulating hor-
mone [FSH] and luteinizing hormone [LH]) secretion [35]. Leisegang et al, 2020
in their review discuss the role of Kisseptin, secreted by KISSlneurons by the
hypothalamic arcuate nucleus. They theorize that based on evidence supplied by
Wolfe & Hussain, 2018, there is decreased hypothalamic expression of kisseptin
which leads to suppressed pulsatile release of hypothalamic GnRH, causing hy-
pothalamic hypogonadism [38] [39].

5.2.3. Metabolic and Hormonal Disturbances
Increased adipose tissue in overweight and obese men, function not only as pas-
sive storage organs but also has endocrine functions. It secretes two main classes
of molecules known as adipocytokines and adipose-derived hormones [40].
Hormones released by adipose tissue are ghrelin, leptin, orexin, adiponectin,
obestatin and other metabolic hormones, all of which play a role in regulation of
male reproductive function [41].

1) Role of Adipocytokines

Adipocytokines are the proteins secreted by the adipose tissues. The two main
adipokines are interleukin-6 (IL-6) and tumour necrosis factor alpha (TNF-a)
[40]. Both are implicated in creating a chronic state of inflammation and hyper-
insulinemia which is associated with abnormal reproductive function. Increased
insulin resistance and hyperinsulinemia reduces plasma concentration of sex
hormone binding globulin (SHBG) which results in decreased testosterone and
suppression of HPG axis [19]. More recent study by Laines et a/, 2019 deter-
mined low-grade, chronic inflammation caused by obesity affects GnRH neu-
rons, resulting in reduced levels of LH in circulation and repression of GnRH
mRNA in the hypothalamus [42]. Both IL-6 and TNF-a promote leucocyte pro-
duction of Reactive Oxygen Species (ROS) [43]. High levels of ROS are impli-
cated in erectile dysfunction [31]. ROS also alter sperm function and increase
sperm damage. Interestingly, IL-6 and TNF-a both cause impaired penetration
of ova [31].

2) Role of Leptin

Leptin is a protein hormone secreted by adipocytes and regulates several neu-
roendocrine functions, one of which is HPA [44]. One of the main functions of
leptin is to control energy homeostasis and decrease food intake [45]. Due to its
anti-obesity function, it is now an FDA approved medication for therapeutic ef-
fect in several medical condition [45] [46]. More recent studies have shown,
positive correlation between abnormal sperm morphology and serum leptin and
BMI and a negative correlation with sperm motility and concentration [47].
Obese men have more serum leptin levels that influence kisseptin receptors that
modulate pulsatile GnRH release. Martin et al, 2015 established the presence of
leptin receptors in human Sertoli cells (hSCs) [45]. Thus, a more direct impact of

leptin is on spermatogenesis. Acetate is needed for spermatogenesis. Martin et

DOI: 10.4236/0jog.2023.132023

220 Open Journal of Obstetrics and Gynecology


https://doi.org/10.4236/ojog.2023.132023

S. Zia

al, 2015 showed that acetate production by hSCs is severely decreased after ex-
posure to all concentrations of leptin [45]. Although, more studies are needed
the overall impact is impaired sperm production.

3) Role of Inhibin B and Sex Hormone Binding Globulin

Inhibin B and Sex Hormone Binding Globulin are involved in the regulation
of Sertoli cell function and spermatogenesis. Inhibin B is growth like factor se-
creted by Sertoli cells and mediates feedback inhibition of FSH production. It
also stimulates testosterone synthesis by the Leydig cells. Several reports have
shown that inhibin B levels are altered in obese men [35]. Suppressed inhibin B
production in obese men may be due to high oestrogen level or any other
mechanism indicating a direct disruptive effect of obesity on Sertoli cells [41].
Sex Hormone Binding Globulin (SHBG) is a glycoprotein produced by the liver.
Increased male BMI is associated with reduced plasma concentrations of sex
hormone binding globulin (SHBG) and testosterone with a concomitant rise in
plasma concentration of oestrogen. The main disruption of SHBG comes as a
part of metabolic syndrome characterised by hyperinsulinemia and hypergly-
caemia. Both lower inhibin B and SHGB levels cause targeted disruption of FSH
signals and receptors leads to aberrant gametogenesis and hormonal imbalance.

4) Role of orexin, vaspin, ghrelin and resistin

There are very few studies exploring the role of above hormones in obesity
and male reproduction. Orexin is an adipose tissue hormone that stimulates tes-
tosterone production by inducing steroid synthesis in Leydig cells. It also has
anti-oxidative effect [41]. Vaspin is an adipokine that has metabolic dysfunc-
tional effect and insulin resistance. Its expression correlates with the percentage
of body fat and BMI [41]. Resistin in an adipokine that again is found in signifi-
cant concentrations in obese men and is implicated in development of insulin
resistance [48]. Ghrelin is a neuropeptide secreted by gastrointestinal tract and
influences testosterone production. However, direct role in spermatogenesis is
disputed. Its overproduction can generate ROS and result in oxidative stress and

alter normal testicular functions [41].

5.2.4. Alteration in Sperm Physiology and Sperm Parameters

The impact of male obesity on the reproduction and normal sperm physiological
and sperm parameters has been long studied. The disruption is due to a complex
interplay of factors discussed above. Several studies have evaluated the impact of
obesity on the sperm characteristics that include motility, morphology, viability,
concentration, count, and DNA damage. Although most studies agree that obe-
sity has impact on sperm physiology but its detrimental effect on sperm charac-
teristics is still contentious. Sharma ef a/, 2013, obese men are three times more
likely to exhibit a reduction in semen quality than men of a normal weight [49].
Abnormal semen parameters attributed to obesity include decreased sperm con-
centration, abnormal morphology, compromised chromatin reliability, and ab-
normal motility [50]. This literature review revealed there are very few recent

studies exploring impact of obesity on sperm parameters. Older studies by Jen-
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sen et al, 2004 as discussed by Hammoud et al, 2012 and Khullar et al, 2012
reported a lower sperm concentration, count, and percentage of normal, sper-
matozoa for men with a BMI higher than 25 [35] [40]. Similarly, Magnusdottir
et al, 2005 found significant negative correlation between BMI and both sperm
concentration (r 1/4 - 0.33; P 1/4.02) and total sperm count (r 1/4 - 0.30; P 1/4.04)
[35]. Later studies by Hofny et al, 2010 found negatively correlated with sperm
concentration and motility [51]. Martin ef al, 2010 and Hammoud et al, 2010
found evidence of oligospermia and low progressively motile sperm concentra-
tion [31] [35] [45]. This in contrast to findings by Huang et al, 2017 and Palmer
2012 who found no association between BMI and sperm parameters [52] [53].
More recent studies by Belloc et al, 2014 found that in morbidly obese patients
(BMI > 40 kg/m?) there was reduced semen volume, concentration, total sperm
count, and reduced motility [54]. Similarly, Sermondade et al 2012 carried out a
systemic review investigating the effect of BMI on sperm count. They found that
compared to men of normal BMI, those in the obese or morbidly obese catego-
ries had an odds ratio of 1.28 (1.06 - 1.55) and 2.04 (1.59 - 2.62) for oligozospermia
and azoospermia, respectively [55]. A cross sectional study by Rufus et al, 2018
that elevated BMI did not have a significant effect on semen quality [56]. It’s
therefore clear that no consensus on impact of obesity on sperm parameters and

more studies are needed.

5.2.5. Oxidative Stress and Sperm DNA Fragmentation

Oxidative stress resulting in generation of free radicals is implicated in many
diseases including infertility. ROS in excess can attack nuclear and mitochon-
drial DNA resulting in their fragmentation. According to Ruperez et al, 2014,
obesity results in a state of systemic oxidative stress [57]. The oxidative stress
induced by excess amount of ROS which increases sperm DNA damage. The
exact mechanisms by which ROS cause DNA damage are not well established.
There are few studies in literature linking oxidative stress and sperm DNA frag-
mentation (SDF) and this probably is due to no consensus on accurate meas-
urement of sperm fragmentation. Older studies by Kort ef al, 2006 who found
positive association between SDF, and obesity used sperm chromatin assay [20].
Whilst more recent study by Fariello et a/, 2012 and Chavarro et al, 2010 used
gel electrophoresis to establish a similar link [58] [59]. A 3-year multi-centre
study looking into association have also found positive link between obesity and
SDF [60]. Though most evidence in literature indicate positive correlation more

studies are needed to establish and verify link.

5.2.6. Erectile Dysfunction

Erectile dysfunction is a known cause of subfertility on its own. According to
Hammoud et al, 2012, in men reporting symptoms of erectile dysfunction,
overweight or obesity are found in 79% of subjects [35]. They also reported that
in a survey of health professionals, obesity was associated with a 1.3-fold relative

risk for erectile dysfunction. ED in obese men results from interaction of several

DOI: 10.4236/0jog.2023.132023

222 Open Journal of Obstetrics and Gynecology


https://doi.org/10.4236/ojog.2023.132023

S. Zia

factors like nervous, endocrine, metabolic and psychological factors. Obesity
leads to a pro-inflammatory physiological state, which favours widespread arte-
riolar endothelial dysfunction and impaired activity of nitric oxide. Obesity is
also known to cause both central and peripheral hypogonadism and testosterone
deficiency thus further exacerbating erectile dysfunction [37]. Sultan et al, 2020
report a 30% increased risk of erectile dysfunction in men with raised BMI than
those of a normal BMI, and 96.5% of obese patients with metabolic syndrome
report erectile dysfunction [37]. Katib et a/, 2015 also discuss lower sexual satis-
faction, lack of sexual enjoyment, lack of sexual desire, difficulty with sexual
performance, and avoidance of sexual encounters that further exacerbates erec-

tile dysfunction [19].

5.2.7. Role of Obstructive Sleep Apnoea

One of the complications of obesity is sleep apnoea (SA). The exact pathological
mechanism is not well established; however, it has been suggested that chronic
hypoxia leads to dysfunction of the HPG axis and disruption of nocturnal tes-
tosterone rhythm due to sleep fragmentation [61]. Katib et al, 2015 consider
sleep apnoea to be associated with both low testosterone and erectile dysfunction
independently [19]. SA is a modifiable risk factor and therefore its correction

can improve overall reproductive potential.

5.2.8. Thermal Effects of Obesity

Optimal temperature in human range from 34°C - 35°C [19]. Obesity leads to ex-
cess lower abdominal, suprapubic, and medial thigh fat increases the intra-scrotal
temperature altering the process of spermatogenesis. Rise in intra-scrotal tem-
perature leads to increased DNA fragmentation and increased oxidative stress
with subsequent alteration of semen parameters and sperm functions [61]. The
deleterious effect of heat is associated with reduced sperm motility, increased
sperm DNA fragmentation and increased sperm oxidative stress.

5.2.9. Genetic Control of Obesity
The genetic control of obesity is complex and polygenic as is evident from lit-
erature. The association of male obesity and genes was beyond the scope of this

literature review.

5.3. Impact on ART

The current review supports the view that there is a negative impact of male
obesity on ART in couples seeking fertility treatment. A recent meta-analysis
and systematic review by Supramaniam et al, 2018, looked at 49 articles investi-
gating the role of obesity on assisted reproductive outcomes and concluded that
raised BMI results in documented lower success rates and higher rates of mis-
carriages as well as higher total dosage of gonadotrophin usage [27]. The main
reason for poor outcome is that obese men are significantly more likely to be
oligo- or azoospermic [55], there is loss of mitochondrial membrane potential

and increased DNA fragmentation in spermatozoa with associated high concen-
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trations of reactive oxygen species (ROS) [62]. High ROS concentrations have
been associated with reduced fertilization and impaired embryonic development
[50] [62]. Importantly, ROS concentrations and DNA fragmentation are also
associated with pregnancy loss [63]. Bakos et al, 2011 conducted a retrospective
analysis of 305 fresh ART cycles and concluded increased paternal BMI was as-
sociated with decreased blastocyst development, clinical pregnancy rates and live
birth outcomes [64]. A more recent cohort study by Yuan et al, 2017, of
1,463,597 men showed the corresponding ORs for men with high BMI (over-
weight 24 - 27.9 kg/m? [22%]; obese > 28.0 kg/m* [5%]) versus men with normal
BMI were as follows: preterm birth (1.12; 1.10 - 1.14 vs 1.24; 1.20 - 1.28), low
birth weight (1.10; 1.05 - 1.15 vs 1.29; 1.20 - 1.40), macrosomia (1.19; 1.16 - 1.22
vs 1.34; 1.28 - 1.40), stillbirth (1.12; 1.02 - 1.23 vs 1.19; 1.00 - 1.41), and birth defects
(1.12; 0.99 - 1.28 vs 1.32; 1.05 - 1.64) [65]. Despite the above available data there is

paucity of studies looking at association of male obesity on ART outcomes.

5.4. Male Obesity and Embryo Development

There are very few published reports investigating the role of paternal obesity
and human in-vitro embryonic development. Campbell et al, 2015 reported that
paternal obesity may reduce the live birth rate per assisted reproductive tech-
nology (ART) cycle and increases by 10% the risk of facing a non-viable preg-
nancy [66].

5.5. Epigenetic Effects of Paternal Obesity

Epigenetics refers to changes or modifications in a chromosome that affect gene
activity and expression that can also be inheritable to offspring [61]. This epige-
netic inheritance can lead to changes to the phenotype of the offspring and
beyond generations. Obesity has been shown to directly drive transgenerational
effects in successive generations [37]. Epidemiological and experimental studies
suggest that paternal obesity may also impact on the metabolic health of offspring
and grand offspring of obese parents are more likely to be obese and suffer from
adverse metabolic health [32]. Evidence showing the transmission of diet-induced
phenotypes through the male line, suggesting a perturbed “epigenome” in the
sperm [32].

5.6. Management of Male Obesity

The main types of weight-loss interventions that can be proposed to male obese
patients include modification of lifestyle habits, pharmacologic agents, and ba-

riatric surgery.

5.6.1. Lifestyle Modifications

Weight loss achieved by lifestyle modifications is one of the main strategies that
works by decreasing caloric intake and increasing energy expenditure. There is a
lack in robust evidence to support the improvement in male reproductive func-

tions following weight loss [61]. Some studies indicate improvement in andro-
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gen and inhibin B levels as well as improved semen quality has been reported in
obese individuals who used the natural methods of diet and exercise to lose
weight [40]. Sultan ef al, 2020 use data from The European Male Aging Study
(EMAS) has shown that changes in total body weight of >15% are correlated to
changes in testosterone whereby gaining weight reduces testosterone levels and
vice versa [37]. Hakonsen ef al, 2011 demonstrated an average weight loss of
15%, correlated to improvement in hormonal profile and an increase in total
sperm count and semen volume [67]. It is also reported that physical activity is
associated with 30% decreased risk of erectile dysfunction [22] [37]. The com-
bined effect of improved hormonal and sperm parameters, improved spermato-
genesis, reduction in ED and SA have the potential to significantly influence the

male reproductive outcomes.

5.6.2. Pharmacological Treatment

Several therapeutic agents like aromatase inhibitors, phosphodiesterase inhibi-
tors, androgen therapy, gonadotrophin therapy, metformin, orlistat, topiramate/
phentermine, lorcaserin, bupropion/naltrexone, and liraglutide have been stud-
ied in relation to male obesity. These agents work by suppression of appetite,
decreasing fat absorption from the gut, or increasing caloric expenditure [61].
Aromatase inhibitors inhibit aromatase P450 enzymes, thus normalizing the
testosterone to estradiol ratio. Phosphodiesterase (PDE) inhibitors are consid-
ered the first line medical treatment of ED after lifestyle modification. Central
hypogonadism is expected to be responsive to gonadotropin stimulation and
expected to respond to gonadotrophin therapy. However, very few studies are
available for evidence-based practice. Similarly, metformin improves insulin re-
sistance and is expected to improve hypogonadism. Only one study by Ozata et
al, indicated reduction in total and free testosterone in obese men, following
metformin therapy [68]. There are no studies conducted concerning the impact
of above pharmacological agents’ effect on semen parameters or male fertility. A
recent study conducted by Cui et al, 2016, showed improvement in sperm mo-

tility and sperm function with the usage of reservatol [69].

5.6.3. Surgical Interventions

The role of Bariatric surgery in treatment of obesity is well established. Its use in
improving male reproductive functions needs further studies. Recent metanaly-
sis by Sultan et al, 2020 demonstrated benefits in improving hormonal, meta-
bolic, sperm physiology and ED. It is noteworthy here that bariatric surgery
could be an appropriate option for patients with a BMI > 40 kg/m” or those with
a BMI of 35 - 40 kg/m’ with co-morbid conditions [37]. Sultan et al. concluded
from their metanalysis that sustained weight loss, demonstrated improvement in
total testosterone, SHBG levels, insulin resistance, and several other metabolic
parameters [37]. Wei ef al, 2018, showed no statistically significant difference
pre- and post-bariatric surgery [70]. BARIASPERM study, assessing 46 male pa-

tients with no prior history of infertility, showed that sperm count at 6- and
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12-months post operatively was significantly reduced [71]. One of the well

documented impacts of bariatric surgery is improvement in ED.

6. Impact on Female Obesity on Infertility
6.1. Epidemiology of Female Infertility and Obesity

Several factors are responsible for female infertility. Estimates of the prevalence
of ovulatory disorders vary from 21% to 32%, 14% to 26% for tubal disorders
and 5% to 6% for endometriosis [72]. It is also well known that the prevalence of
obesity is increasing worldwide. The World Health Organization, 2016 estimates
with more than 600 million obese adults, including 15% of women, in 2014,

double the prevalence reported three decades earlier [1].

6.2. Relationship between Overweight or Obesity and Female
Infertility

Obesity can negatively affect women’s fertility via menstrual and ovulatory dis-
orders. The commonest type of ovulatory dysfunction is polycystic ovary syn-
drome (PCOS), the most common cause of female infertility, affecting 6% to
10% of women of child-bearing age [26]. Female obesity also causes alterations
in the development [11] and quality of oocytes [11] [73] and the endometrium
as well as higher miscarriage rates [74]. Moreover, obese women seeking fertility
have poor assisted reproductive outcomes with decreased pregnancy and live
birth rates [26].

6.2.1. Effect on HPO Axis and Neuroendocrine Dysfunction
Both central and peripheral fat accumulation in obese women impacts the func-
tion of the hypothalamus-pituitary-ovarian (HPO) axis [75]. In obese women,
gonadotropin secretion is affected firstly, due to increased peripheral aromatiza-
tion of androgens to oestrogens; and secondly due to insulin resistance and hy-
perinsulinemia which lead to hyperandrogenaemia. Furthermore, the sex hor-
mone-binding globulin (SHBG), growth hormone (GH), and insulin-like growth
factor binding proteins (IGFBP) are decreased and leptin levels are increased.
Thus, the neuro-regulation of the hypothalamic-pituitary-ovarian (HPO) axis
may be severely deranged while the obese condition also increases the risk of
miscarriage, poor pregnancy outcomes, and impaired foetal wellbeing [76]. There
are metabolic mediators and pathways that directly or indirectly interact with
the HPO axis in obesity and fertility [75]. Especially the role of few adipokines as
described below:

1) Leptin

Obesity is characterized by leptin resistance, probably via a down-regulation
of leptin receptor expression [25]. The ovaries, however, remain sensitive to
leptin, therefore being exposed to the high circulating leptin levels, the ovary in-
hibits both granulosa and thecal cell steroidogenesis interfering with the process
of ovulation [75]. The amplitude of LH pulsatility is significantly lower in eum-
enorrheic obese women, thus suggesting a central defect [76].
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2) Adiponectin (APN)

APN receptors are abundantly present in female reproductive tissue. Circu-
lating APN levels decrease with obesity and expression of APN receptors are re-
duced. This contributes to implantation failures and pregnancy loss in women
with maternal metabolic conditions such as obesity and PCOS [76] [77].

3) Ghrelin

Ghrelin acts on hypothalamus and can decrease both GnRH secretion and
pulsatility [78] [79]. Ghrelin can also affect ovarian steroidogenesis although the
results are not consistent [80]. Muller et al, 2015 discuss that ghrelin in connec-
tion to obesity, regulates insulin and insulin resistance where it decreases insulin
secretion and sensitivity, ultimately leading to insulin resistance [81].

4) Resistin, visfatin, omentin and neuro-peptide Y

Resistin is an adipokine that has a possible role in HPA regulation. A ran-
domized placebo-controlled study, by Spicer et al, 2011, showed that treatment
with the insulin sensitizer rosiglitazone significantly reduces the serum resistin
levels in overweight women with PCOS, indicating its role in insulin sensitivity
[82]. Visfatin is another protein found to be significantly elevated in obese
women and that the gene expression and the circulating levels of visfatin are in-
creased in women with PCOS [76]. Omentin is involved in insulin stimulated
glucose transport but its role in reproductive physiology is unclear. A collection
of neurons within the arcuate nucleus, which secrete the neuropeptide Y (NPY).
During the ovulatory surge NPY concentration increases to potentiate the action
of GnRH on pituitary gonadotropin secretion [78] [83]. Animal models have in-
dicated an upregulated NPY activity in obesity leading to altered GnRH pulsatil-
ity and resultant oligo or anovulation [84]. The role and impact of the above de-
scribed adipokines in obesity and female reproductive physiology remains still to
be established.

5) Insulin resistance, hyperinsulinemia and hyperandrogenism

Obesity decreases SHBG production. This in turn leads to increased free cir-
culating steroid hormone levels, such as oestrogens and androgens [78]. The an-
drogen production is generated by two pathways. The first is by up-regulating
cytochrome-P (CYP) 17A1 enzymes, which increase androgen production in both
the adrenal gland and the ovary [85]. Second, insulin augments LH action on the
ovary to increase androgen production and secretion [85]. The net effect of hy-
perandrogenism is premature follicular atresia thus favouring anovulation [75].
Goldsammler et al, in their paper discussed studies indicating evidence of dis-
ruption of chromatin remodelling within mouse oocytes, thereby contributing to

poorer oocyte quality with high insulin levels [78].

6.2.2. Impact on Ovarian Morphology, Function, and Oocyte Development

The impact of obesity on ovarian morphology and development is a cumulative
result of altered HPO, steroidogenesis, neuroendocrine dysfunction and chronic
inflammatory state induced by obesity. Hohos et al, 2017 discuss the role of high
fat diet on ovarian follicular development with decreased primordial follicle and
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increased follicular atresia [86]. Increased levels of lipids in the ovary, character-
ised by increased lipid content in the cumulus cells and oocytes and is associated
with increased lipotoxicity and increased rates of anovulation [86]. Lipotoxicity
is known to cause increased markers of endoplasm reticulum (ER) stress, de-
creased mitochondrial membrane potential, and increased apoptosis and in-
creased rates of anovulation [87]. There is also evidence that increasing BMI is
associated with increasing triglycerides in the follicular fluid, and in a human
granulosa cell line, treatment with saturated fatty acids induced apoptosis [86].
Enhanced steroidogenesis due to insulin and its interaction with LH, produces
an unfavourable milieu that causes blockage of the follicle growth. Thus, the
premature luteinization and the consequent follicular arrest result in menstrual
cycle disorders and oligo-anovulation which appears strictly related to the obe-
sity [76]. Apart from the above changes there is good evidence that obesity is an
independent marker of poor oocyte quality. Animal studies conducted by Luzzo
et al., 2012 and Jungheim et al, 2010 indicate that oocytes from obese mice are
smaller, show delayed meiotic maturation and increased follicular apoptosis and
have significant spindle or chromosome misalignment defects [88] [89]. Obese
women have higher levels of circulating free fatty acids, which damage non adi-
pose cells by increasing reactive oxygen species (ROS) that and induce mito-
chondrial and ER stress resulting in apoptosis of multiple cell types including
oocytes [15].

6.2.3. Impact on Endometrium

Although there is evidence that obesity influences endometrial receptivity and
alters decidualisation, there are few studies corroborating or refuting the impact.
Desolle et al. 2009 published a retrospective review of 450 donor-oocyte frozen
embryo transfer cycles and found BMI to be an independent predictor of clinical
pregnancy [90]. More recently, Rhee et al, 2016 showed that endometrial de-
cidualization, the necessary step for uterine receptivity to occur, is impaired in
the obese mice [91]. They also found decreased implantation sites and decreased
response to hormonal stimulation in the endometrial stromal cells. These find-
ings were reciprocated in human decidualization in primary cells from obese
versus control women and found a decrease in obese women [15]. Decidualiza-
tion and implantation defects may negatively affect the placentation process. In
addition, in vitro studies have demonstrated that leptin can affect steroidogenic
pathways in granulosa cells leading to downstream effects on endometrial recep-
tivity and embryo implantation [15]. Robker et a/, 2008, suggested that a reduc-
tion in oocyte developmental competence may impair the developmental poten-
tial of the embryo, which may lead to an impaired implantation rate and subse-
quent abnormal implantation/trophoblastic invasion. More studies are needed to
establish impact [92].

6.3. Impact on ART

Obesity not only affects the reproductive potential of women but also reduces
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the success of ART. A recent metanalysis by Supramaniam et al, 2018 clearly
showed the negative impact of raised BMI on ART. The same metanalysis re-
ported overweight and obese (BMI > 25 kg/m*) women have a statistically sig-
nificant lower live birth following ART when comparisons are drawn to women
with a normal BMI. An increase is also demonstrated in the number of miscar-
riages experienced by women with a BMI > 30 kg/m”* [27].

Several studies have indicated that obese women require significantly higher
doses of gonadotropin than normal-weight women to produce a similar number
of ovarian follicles during controlled ovarian hyperstimulation [84]. Further-
more, there is evidence that obese women are less likely to fertilize than oocytes
from normal-weight women, suggesting that oocytes from obese women are of
poorer quality [93]. A national study by Luke et al, 2011, showed fewer oocytes
collected, higher number of cycles cancelled for poor or high oocytes retrieved
(overstimulation), higher miscarriage rates and reduced pregnancy and live-birth
rates [94]. Jungheim et al, 2013 attributed the above adverse pregnancy outcome
to poor embryo quality and abnormal implantation [84]. When comparing
whether conception was achieved with autologous or donor oocytes, study by
Bellver et al, 2013 demonstrated, lower implantation, clinical pregnancy, and
live birth rate [95]. They concluded that female obesity impairs the reproductive
outcome of ovum donation probably because of reduced uterine receptivity. In-
terestingly, very few studies have looked at ART outcomes in women with PCOS
who need ART. A recent study by Sun ef al, 2020 reported increased spontane-
ous miscarriage rates women with raised BMI and PCOS seeking ART. They also
reported from their systematic review that patients with PCOS may reduce the
spontaneous abortion rate by losing weight before preparing for pregnancy, and
the ideal target of weight control is within the normal BMI range. Obese patients
may not benefit much if they have lost some weight but remain in the over-
weight status [96].

6.4. Impact on Embryo and Pregnancy Outcome

The preimplantation embryo is also affected by an obese environment [15] [25].
Leary et al. noted that embryos from women with BMI > 25 kg/m’ were less
likely to develop after fertilization, and those that did reached the morula stage
more quickly. In addition, those that reached the blastocyst stage had fewer cells
in the trophectoderm and demonstrated poor glucose uptake and increased lev-
els of triglycerides [25] [97]. DIO mice models have shown embryos demon-
strated decreased insulin-like growth factor 1 receptor expression, suggesting
decreased insulin signalling, and the resultant foetuses were growth restricted at
midgestational [84]. Maternal and foetal complications are becoming more evi-
dent since the improvement in fertility service and more women with obesity
becoming pregnant. Marchi ef al, 2015, conducted an extensive systematic re-
view which showed higher odds of gestational diabetes (OR 3.01 to 5.55), pree-
clampsia (OR 2.93 to 4.14), antenatal (OR 1.43) and postpartum depression (OR
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1.30), and caesarean delivery (OR 2.01 to 2.26), compared with normal-weight
women. New-borns born to mothers with obesity are at a higher risk of preterm
birth (<32 weeks’ gestation; adjusted OR 1.33, 95% CI 1.12 - 1.57), macrosomia
(>4500 g; OR 3.23, 95% CI 2.39 - 4.37), perinatal death (relative risk 1.34, 95% CI
1.22 - 1.47) and congenital anomalies including neural tube defects (OR 2.24, 95%
CI 1.86 - 2.29) and cardiovascular anomalies (OR 1.30, 95% CI 1.12 - 1.51)—com-

pared with new-borns born to mothers with normal prepregnancy weight [98].

6.5. Transgenerational Effects

There is concerning evidence that obesity has transgenerational and confers a risk
of metabolic dysfunction through multiple generations [26]. It is long established
that children of obese women are more at risk of obesity, type2 diabetes and car-

diovascular disease [99]. More studies are needed to determine the impact.

6.6. Interventions to Improve Obesity and Reproductive Potential

6.6.1. Lifestyle Interventions

This literature review indicated that there is plenty of data indicating positive
impact of diet and physical activity in improving fertility outcomes in obese
women by altering the hormonal milieu and metabolic profile. ESHRE, 2018,
states, lifestyle intervention (diet, exercise, and behavioural strategies) should be
recommended in all those with PCOS and excess weight, for reductions in
weight, central obesity, and insulin resistance with an achievable target of 5% -
10% [100]. Silvestris et al 2017, documented in their paper that available data
suggest that the weight loss equal to 5% - 10% of the body weight may improve
the fertility rate [76]. A systematic review by Mc Grei et al, 2017 investigating
the role of low carbohydrate diet on fertility hormones found that reducing car-
bohydrate load can reduce circulating insulin levels, improve hormonal imbal-
ance, and resume ovulation to improve pregnancy rates compared to usual diet
[101]. A randomised control trial (RCT) conducted by Mutsaerts et al, 2016,
using structured weight loss program and fertility outcomes in obese found sig-
nificantly more women in the intervention group than in the control group had
ongoing pregnancies that resulted from natural conception [102]. Sim et al,
2014 found that the incidence of spontaneous pregnancy and live birth was in-
creased in women allocated to a lifestyle intervention compared with controls
[103]. A more recent meta-analysis conducted by Kim et a/, 2020, reviewed 21
RCTs, and concluded compared to the control group, nonpharmacological in-
terventions significantly increased the pregnancy rate (relative risk (RR), 1.37;
95% CI, 1.04 - 1.81; p = 0.03; I* = 58%; nine RCTs) and the natural conception
rate (RR, 2.17, 95% CI, 1.41 - 3.34; p = 0.0004; I* = 19%, five RCTs). However,
they had no significant effect on the live birth rate (RR, 1.36, 95% CI, 0.94 - 1.95;
p=0.10, I’ = 65%, eight RCTs) and increased the risk of miscarriage (RR: 1.57,
95% CI, 1.05 - 2.36; p = 0.03; I* = 0%) [104]. Therefore, nonpharmacological in-
terventions could have a positive effect on the pregnancy and natural conception

rates, whereas it is unclear whether they improve the live birth rate. It is to be
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noted here that few studies exist exploring lifestyle measures as first line.
Bivia-Riog et al, 2020, have designed a study protocol for an RCT investigating
the impact of internet-based lifestyle interventions in improving fertility out-
comes in obese and overweight women [73]. It would be interesting to follow the
results from the RCT. Zenaib et al, 2015, reviewed literature on impact of life-
style on ART outcomes. Their recommendations were assessment of lifestyle
patterns of infertile couples, and design and implementation of healthy lifestyle
counselling programs, before and during implementing assisted fertility tech-

niques [105].

6.6.2. Pharmacological Approach

ESHRE guidance, 2018, on management of PCOS, recommends, anti-obesity
medications in addition to lifestyle, could be considered for the management of
obesity in adults with PCOS after lifestyle intervention. ESHRE also concludes
that the role of anti-obesity pharmacological agents in PCOS remains unclear.
Metformin which has been extensively studied in relation to PCOS, ESHRE re-
commends, its use in addition to lifestyle, to be considered in adult women with
PCOS with BMI > 25 kg/m’ for management of weight and metabolic outcomes
[100]. There is minimal literature on study of pharmacological intervention in

obesity outside of PCOS and more research needs to be done in the area.

6.6.3. Surgical Intervention

Bariatric surgery as discussed previously is an effective form of treatment for
morbid obesity with improvement in metabolic profile. Its impact on female fer-
tility outcome is less studied. There is limited literature on fertility outcomes
before and after the procedure. Butterworth, 2016 performed a systematic review
and metanalysis of impact of bariatric surgery and fertility outcomes in PCOS
[106]. They concluded that bariatric surgery results in postoperative conception
rates varying from 33% to 100%. Casimiro et al, 2019 reviewed literature and
found improvement in fertility outcome in women with PCOS following bariat-
ric surgery [107]. A recent metanalysis by Escobar-Morreale et al, 2017, re-
ported 96% improvement in gonadal dysfunction following bariatric surgery in
females with PCOS [108]. However, data is limited and recommendations for
surgical approach need to be balanced against bone-loss and reduction in hor-
mones that can bring about perimenopausal state [107]. There is some evidence
that though the bariatric surgery improves hypertension and diabetes in preg-
nancy, it is also has a higher risk of small for gestational age and a trend towards
neonatal mortality [26] [109]. The American College of Obstetricians and Gy-
naecologists (ACOG) states that surgical weight-loss interventions should not be
considered as a fertility treatment and recommends delaying the time of concep-

tion to at least 12 to 24 months after the procedure [110].

7. Conclusion

Opverall, it is evident that overweight and obesity negatively effects reproductive
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health of both men and women. It has numerous sequalae in men and women of
reproductive age group with lasting impact on following progeny. These risks
are minimised both in short and long term by weight loss strategies and there is

need for more literature on the subject.

8. Recommendations from the Review

1) More comparative studies are needed to explore the impact of overweight
and obesity on sperm parameters and benefits from reduction in weight.

2) Are neuro-endocrine hormones associated with improvement in sperm
parameters? And can there be a direct or indirect role in improving fertility
outcomes?

3) More evidence is needed to establish the role of overweight and obesity on
endometrial receptivity and miscarriage.

4) Given the growing obesity pandemic is there a role of fat preventive hor-
mones in management?

5) Can optimization of male obesity improve ART outcomes in isolation?

6) What is the role of weight loss in women with PCOS seeking ART?

7) Are lifestyle interventions the most cost effective and should be the first line
approach?

8) Is using a weight loss protocol beneficial in improving care and service?

9) Anti-obesity medications their impact, role, and evidence in management
of fertility.

10) Bariatric surgery in both men and women and fertility outcome before
and after procedure.

11) What is the uptake of counselling and its role in optimizing outcomes in
both overweight obese men and women?

12) Psychological health of overweight obese men and women trying to con-

ceive, should this be part of standard care provision?
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