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Abstract

Background: Obesity is a state of the excess buildup of fats where it leads to
chronic low-grade inflammation, lipotoxicity, deranged endocrine system and
the female sex hormones. It is speculated that each of these aspects plays a
contributory role to infertility in obese. So, this review aims to look into
changes in the endocrine system and the hypothalamic-pituitary-ovarian (HPO)
axis in obese women that affect the female reproductive system and the cor-
relation between each mechanism leading to infertility. Results and Discus-
sion: Obese women are associated with higher levels of androgens and insu-
lin, where the latter can further potentiate levels of the former. These two
changes contribute the most to infertility, where effects include poor follicular
growth, premature luteinization, atresia of ovarian cells and follicles, as well
as poor endometrial development. Changes are also seen in levels of growth
hormones (GH), adipokines like leptin and adiponectin, inflammatory me-
diators and ghrelin, which altogether alter the HPO axis, either through po-
tentiating or inhibiting one another, leading to effects like ovulatory dysfunc-
tion, irregular menstruation, increased risks of miscarriages and greater fail-
ure rates in artificial reproductive technology (ART). In terms of manage-
ment, this review will be focusing mainly on non-pharmacological approach-
es which include weight loss, dietary modification and physical activities, as
well as exploring surgical approaches to weight loss. Weight reduction is the
gold standard as it can reverse the changes in the HPO axis by improving in-
sulin sensitivity, regulating sex hormones, and restoring balances to the adi-
pokines and inflammatory mediators. Conclusion: Obesity is a state of excess
in metabolically active adipose tissue, which causes changes in the HPO axis
and subsequently damages the female reproductive system. The correlated
mechanisms only partly explain how obesity leads to female infertility. Thus,
different aspects of obesity would need to be explored and correlated to fully
realize how it leads to female infertility.
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1. Introduction

Based on the World Health Organization (WHO), obesity can be defined as a
state of excessive fat buildup to a point that is detrimental to one’s health [1].
The body reacts to the excessive fat by producing a chronic low-grade inflam-
mation, which is through the infiltration of macrophages into adipose tissue and
the release of inflammatory mediators, which in turn also alters the immune
system [2]. The high circulating free fatty acids found in obesity is able to in-
filtrate non-adipose tissues, leading to an effect known as “lipotoxicity”,
which causes oxidative stresses to the endoplasmic reticulum and mitochondria
of those cells, leading to apoptosis [3]. The stated effects could potentially ex-
plain how fat buildup can be linked to the many chronic conditions associated
with obesity like atherosclerosis, stroke, diabetes, malignancies and even infertil-
ity [2].

In 2016, the WHO approximated that more than 1.9 billion or 39% of adults
across the globe are overweight and 650 million or 13% are obese [4]. The num-
bers of obesity have tripled in the last couple of years whereby WHO 2016 re-
ported that 40% of all women across the globe are overweight and 15% are obese
[4]. The National Health and Morbidity Survey in 2019 estimated that 54.7% of
Malaysian women are either overweight or obese [5].

Based on the body mass index (BMI) classification by WHO, overweight is
classified as BMI ranging from 25 - 29.9 kg/m’ whereas obesity is classified as
having a BMI > 30 kg/m’. Obesity can be further classified into class I (30 - 34.9
kg/m?), class II (35 - 39.9 kg/m?) and class III (=40 kg/m?). However, in the
Asian population, overweight is classified as BMI ranging from 23 - 24.9 kg/m’
and obesity with BMI > 25 kg/m’ [6].

Infertility is defined as the failure to conceive or achieve a clinical pregnancy
despite regular unprotected sexual intercourse and therapeutic donor insemina-
tion for a period of one year in women aged less than 35 years, and for a period
of 6 months in women aged 35 years and above [7]. The WHO has stated that
infertility influences approximately 50 - 80 million women across the globe and
the incidence is estimated to be around 10% - 20% and up to 50% in developing
countries [8] [9]. Surprisingly, many infertile women have a higher BMI as com-
pared to their fertile counterparts and approximately 20% of all infertile women

have extreme BMIs, either being underweight or overweight [10].
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Since both the rates of obesity and female infertility are on the rise, many stu-
dies have been carried out to delineate the correlation between the two, with va-
rying results. Some common findings from previous research show that infertile
obese and overweight women have reduced levels of female sex hormones (es-
trogens and progesterone), reduced levels of luteinizing hormone (LH) and fol-
licle stimulating hormone (FSH), and increased levels of androgens [11] [12]
[13] [14]. Even though these parameters may yield importance in the rise of in-
fertility, there may still be other causes that can better explain the linkage be-
tween obesity and infertility. With that being said, previous studies have only
listed the possible mechanisms of how obesity leads to female infertility without
correlating or linking the mechanisms to one another. Thus, the aim of this re-
view is to correlate and summarize the numerous mechanisms, where each of
these mechanisms may potentiate and inhibit one another to cause the changes
listed above, as well as to explore effective treatment options targeted for the me-
chanisms. Since this is a big topic, the paper will mainly focus on the hormonal

and endocrinological aspects of female infertility in the obese.

2. Results and Discussion

A literature search pertaining to obesity and female infertility was conducted
through electronic databases—PubMed, Web of Science, EMBASE, and Google
Scholar. The terms used for the search include: obesity, overweight, female infer-
tility, anovulation, mechanism, pathophysiology, influence, and impact. Boolean
operators “OR” and “AND” were used to specify the search list. The search articles
were then limited to “the published year of 2010-2021”, female, English. A further
limitation was performed on the article type, which includes: review, systematic
review, review articles, meta-analysis and randomized controlled trials.

The search identified a total of 513 articles, with 113, 167, 37 and 214 articles
from PubMed, Web of Science, EMBASE, and Google Scholar respectively, as
shown in Figure 1. All citations and articles were included and processed through
“EndNote”. After removal of duplicates, there were a total of 476 articles left. The
articles then underwent inclusion and exclusion criteria of the title, abstract and
full-text screen. Inclusion criteria include: the HPO axis, hormonal and endo-
crine system. Exclusion criteria include: male reproductive system, male infertil-
ity and polycystic ovarian syndrome (PCOS). The process excluded 322, 96 and
7 articles from title, abstract and full text screen respectively.

The remaining 51 articles were then included into the software “NVivo” and
were processed for data extraction. Through the process, only 31 articles were

reviewed and extracted for the use of this study.

2.1. Association of Obesity and Female Infertility

Obese women are nearly three times more likely to develop infertility [15]. A
Danish study suggested that the odds of subfecundity are 27% and 78% higher in

overweight and obese women, respectively [16]. Furthermore, the likelihood of
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Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA)
flow diagram for the selection of included studies in the review.

spontaneous pregnancy is estimated to drop by 5% for every increment in unit
BMI when exceeding 29 kg/m* [17]. In terms of waist-to-hip ratio (WHR), the
probability of conception per cycle will drop by 30% for every 0.1 unit increment
[18].

One of the chief causes of infertility in obese women is anovulation. However,
a large number of those with anovulation have coexisting conditions like PCOS
[19]. Even without PCOS, obese women are still prone to anovulation, especially
those with high central adiposity [20]. In a study of 2292 women, those with
BMI > 27 kg/m” are found to be 3.1 times more likely to have ovulatory dysfunc-
tion as compared to their normal BMI counterparts whereas another case-control
study shows that overweight women without PCOS are 1.8 times more likely to
develop anovulation [21] [22]. Moreover, the incidence of anovulatory cycles in
overweight women increases from 2.6% to 8.4% when the amount of overweight

increases from less than 20% of body weight to more than 74% of body weight,
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which shows that increasing BMI increases the probability of anovulation [20].
Despite that, many obese women do have normal ovulation, albeit are still prone
to subfertility [23]. So, anovulation may not be the only cause of infertility in
obese women, where the causes are said to be multifactorial instead.

In addition, obese women are twice as likely to develop menstrual irregulari-
ties and have higher rates of spontaneous miscarriages where this can be dem-
onstrated in a study that shows the miscarriage rates in obese women to be
38.1% as compared to the rate of 13.3% in women of normal BMIs [24] [25].
Obesity is also associated with a higher likelihood of failure in artificial repro-
ductive technology (ART) and lower live birth rates following ART. Each incre-
ment in unit BMI is linked to a reduction of 0.84 factors in pregnancy following
in vitro fertilization (IVF) and a reduction of 2% in live birth rates [26] [27].

In short, obese women are predisposed to anovulatory cycles, irregular men-
struation, elevated risk of miscarriages, greater difficulties with ARTs and de-

creased live birth rates.

2.2. Mechanisms of Obesity on Female Infertility
2.2.1. Adipose Tissue

The adipose tissue is the biggest endocrine organ in the body where it is asso-
ciated with glucose homeostasis, steroid production and metabolism, regulation
of immune system and reproduction [20]. It is able to produce androgens, store
sex hormones and act as a conversion site for androgens, estradiol and dihy-
droepiandrosterone to be converted to estrogens, estrone, and androstenediol,
respectively [28].

With the excess of adipose tissue in obesity, the peripheral production of an-
drogens is raised leading to increased production of estrogens as well through
peripheral aromatization. Resultant increase in production of estrogen may
cause disruptions to the endometrial receptivity as well as produce an inhibitory
feedback to the HPO axis, which disrupts gonadotropin secretion and pituitary
LH pulse amplitude [29]. This leads to poor oocyte recruitment and poor folli-

cular growth [30].

2.2.2, Insulin

Insulin resistance is a condition found in many obese women. Excess adipose
tissues can stimulate insulin secretion from pancreatic beta cells [31]. Further-
more, the excess circulating fatty acids may amplify hepatic lipid production and
disrupt hepatic function, which leads to insulin resistance and its compensatory
mechanism of hyperinsulinemia [19].

Interestingly, the ovaries are still sensitive to the effects of insulin, where insu-
lin acts directly on the theca and granulosa cells by upregulating CYP17A1 en-
zymes to enhance steroidogenesis [32] [33]. Insulin is also able to enhance the
effects of LH on steroidogenesis by increasing LH receptors and improving ova-
rian LH-binding capacity [34]. Moreover, insulin enhances the effects of FSH

which results in greater production of androgen substrates and thus elevates es-
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trogen levels in the developing follicles [30].

The pituitary gland also remains its sensitivity to insulin, where insulin can
amplify the sensitivity of gonadotroph cells to gonadotropin-releasing hormones
(GnRH), which then increases LH production and further stimulating ovarian
steroidogenesis [34]. As consequences of elevated steroidogenesis and hyperan-
drogenemia, follicular growth is arrested, differentiation and mitosis of granulo-
sa cells are restricted, premature luteinization occurs, which is followed by pre-
mature follicular atresia [30].

Besides that, insulin inhibits the production of insulin-like growth factor
(IGF) binding protein-1 in the liver and ovaries [34]. Its reduction leads to ele-
vated levels of free circulating IGF-1, which promotes androgen production by
acting on theca interstitial and stromal cells of the ovaries, where its receptors
are found [35]. The increased circulating levels of IGF-1 may also explain the
reduction of serum growth hormones found in obese women, possibly through
potentiating the negative feedback signals [36]. Since GH aids folliculogenesis, a
reduction in GH levels would indicate poor follicular growth and poor late stage
development of follicles and luteinization. Low GH levels are also linked to un-
inhibited follicular atresia, reduced secretions of progesterone and estrogens and
poor uterine environment for implantation, which are all necessary for a suc-

cessful pregnancy [32].

2.2.3. Sex Hormone-Binding Globulin

The serum levels of sex hormone-binding globulin (SHBG) tend to be lower in
obese women, especially those with central obesity, and are inversely propor-
tional to WHR [37]. It can be elevated by estrogens, iodothyronines and growth
hormones whereas insulin and androgens reduces it [38]. The hyperinsulinemic
state associated with obesity may be the leading cause in reduced levels of SHBG,
through the reduction in hepatic synthesis. This leads to more free circulating
sex steroids, which have a higher tendency to get metabolically cleared [37].
With increased clearance, the body produces more androgens as compensation,
resulting in a state of relative functional hyperandrogenism [37]. Similarly, hyper-
androgenism would then lead to poor ovarian function through premature lute-

injzation and apoptosis of granulosa cells and follicles [37].

2.2.4. Adipokines, Inflammatory Mediators and Enterokines

Adipokines are cell-signalling molecules produced by adipose tissues, which in-
cludes leptin, adiponectin, tumor necrosis factor alpha (TNF-a), interleukin-6
(IL-6), resistin, visfastin and so on. These adipokines are associated with adipo-
cyte differentiation, energy metabolism and insulin resistance [39]. The produc-
tion of adipokines is dependent on one’s BMI, where the obese produces more
pro-inflammatory adipokines like leptin, TNF-q, IL-6, visfastin and resistin
whereas leaner individuals produces more anti-inflammatory adipokines like
adiponectin, transforming growth factor-beta, interleukin-4, 10 and 11 [40].

The adipokines are able to interact with one another whereby both TNF-a and
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IL-6 are able to inhibit adiponectin production and vice versa [41]. So, in obesi-
ty, the production of TNF-a is raised by macrophages infiltrating the adipose
tissue [42]. The excess TNF-a would then suppress adiponectin mRNA expres-
sion and multimerization through the disruption of disulphide bond modifica-
tion in the endoplasmic reticulum, resulting in reduced circulating adiponectin
[43].

Below are the mechanisms on how each adipokine relates to female infertility:

Leptin

Leptin acts primarily on the central nervous system (CNS) to regulate appetite
and energy consumption [44]. In physiological levels, leptin plays a stimulatory
role on the HPO axis but it takes on an inhibitory role, specifically on follicular
growth, when its level rises [44]. With that being said, obese women have higher
levels of leptin and are prone to develop leptin resistance, possibly through the
downregulation of its receptors in the CNS as a consequence of prolonged
hyperleptinemia [45]. Hyperleptinemia can also affect the hypothalamus and
pituitary gland, where its receptors are found, which disrupts the GnRH and LH
production indirectly through GABA and kisspeptin neurons, leading to poor
follicular growth and poor oocyte recruitment [31] [44] [46]. As mentioned,
high levels of leptin is inhibitory to the CNS, whereby the negative feedback
mechanism of insulin may be inhibited as well. Therefore, this would then result
in uncontrolled insulin production and worsening of insulin resistance, which
contributes to the effects of hyperinsulinemia leading to infertility [32] [47].

Leptin also acts on the ovaries where its receptors can be found in the oocytes,
granulosa and theca cells [37]. Unlike the CNS, the ovaries remain sensitive to
leptin, whereby raised serum leptin corresponds to raised leptin levels in the fol-
licular fluid [37]. Prolonged hyperleptinemia is found to inhibit ovarian steroi-
dogenesis, suppress the actions of FSH and IGF-1 on estradiol production, and
reduce 8-bromo cAMP-induced progesterone production and cAMP-induced
steroidogenic acute regulatory (StAR) protein, which is a rate limiting agent in
progesterone production [48] [49] [50]. Aromatase production and activities are
also attenuated with hyperleptinemia, leading to reduced conversion of andro-
gens to estrogens [47] [51]. These processes will subsequently produce the out-
comes of poor growth of dominant follicles, poor oocyte maturation and poor
endometrial receptivity [32]. The various mechanisms seen with prolonged
hyperleptinemia may partly explain the overall reduction in levels of female sex
hormones found in the obese.

Despite the various findings and hypotheses on leptin, the exact mechanisms
on how it leads to female infertility are still unconfirmed as most studies are
done on animal models.

Adiponectin

Adiponectin is an insulin sensitizer, which works through promoting the up-
take of glucose into the liver and muscles, reducing glucose production from the
liver and stimulating B-oxidation of fatty acids in skeletal muscles [52]. As stated

above, obese women have diminished levels of serum adiponectin due to rising
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inflammatory mediators, which makes them more prone to develop insulin re-
sistance. This effect contributes to the negative downplay of hyperinsulinemia
on ovarian function and infertility [53]. In addition, adiponectin enhances the
effects of IGF-1 on the ovaries [54]. Therefore, IGF-1 function declines as a re-
sult of low adiponectin levels, which leads to poor production of androgens, es-
tradiol and progesterone.

Tumor Necrosis Factor Alpha

In physiological levels, TNF-a is able to suppress the proliferation of adipose
tissues but resistance develop and TNF-a levels accumulate after prolonged fat
accumulation, which is a phenomenon seen in obese women [55]. The levels of
TNF-a may also directly be linked to the amount of infiltrating macrophages
[42]. High levels of TNF-a will then induce insulin resistance through the sup-
pression of insulin-sensitizing adiponectin as well as the downregulation of tyro-
sine kinase activity from insulin receptors and reduction in the production of
GLUT-4 glucose transporters [43] [56]. Studies have also found that TNF-a re-
gulates leptin levels where raised levels of TNF-a is associated with obesi-
ty-related hyperleptinemia [57]. Moreover, TNF-a is involved in many repro-
ductive functions such as the regulation on ovulation and androgen production,
suppression of the production of gonadotropin and LH, as well as regulation in
corpus luteal regression and the growth of endometrium [58] [59] [60] [61] [62].
Thus, prolonged elevation in TNF-a will negatively disrupt the aforementioned
functions, which decreases the chances of conception.

Interleukin-6

IL-6 is a pro-inflammatory adipokine that also plays a role in the deregulation
of the HPO axis. Circulating levels of IL-6 are raised in obesity and it is asso-
ciated with insulin resistance through the suppression of adiponectin [62]. High
levels of serum IL-6 is able to inhibit estrogen production through the suppres-
sion of FSH and LH actions, aromatase activities as well as direct inhibition on
granulosa cells. Additionally, prolonged raised levels of IL-6 can also suppress
LH-induced ovulation [63] [64]. These effects are similar to those of its adipo-
kine counterparts, which further contribute to infertility and the changes de-
picted in the obese.

Ghrelin

Ghrelin is a hormone mainly produced by the gut cells and acts on the CNS to
stimulate appetite and food intake [62]. Ghrelin also has a role in the reproduc-
tive function where it is able to stimulate the production of GH, enhance aro-
matase activity, and promote folliculogenesis by enhancing cell proliferation and
preventing follicular atresia [65] [66]. However, ghrelin levels are reduced in
obese women, which may result in poor follicular growth and premature follicu-
lar atresia, ultimately leading to poor ovarian function [67].

As a summary, obese women are depicted to have large quantities of andro-
gens and insulin, where these hormones are major contributors to infertility
found in this review paper, as shown in Figure 2. Androgens, in high amounts,

will lead to poor ovarian function through a series of poor follicular growth and
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differentiation, premature luteinization, which then leads to apoptosis of ovarian
cells and follicles. Furthermore, insulin acts as a potentiator that promotes the
negative effects brought on by hyperandrogenemia through increasing its serum
levels, either through the process of enhancing LH and its function, promoting

ovarian steroidogenesis or tricking the body into releasing more androgens by
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reducing SHBG levels. To make it worse, leptin and inflammatory mediators like
TNF-a and IL-6 are capable of promoting insulin resistance and subsequently
potentiating the effects of hyperinsulinemia on the ovarian function, as shown in
Figure 3 and Figure 4.

Despite the large amount of evidences on androgens and insulin, there are still
many changes that occur along with obesity that can affect the HPO axis, which
contributes to changes on the female reproductive system. A few recent discove-
ries that provide a clearer picture on how obesity affects female infertility are the
correlation on GH, leptin, adiponectin, inflammatory mediators and ghrelin,
with the HPO axis and how they directly or indirectly affect the ovarian func-
tion. To summarize, they work through inhibiting the levels of female sex hor-
mones, which is contradictory to the effects of insulin, disrupting follicular
growth and ovulation, inhibiting endometrial development and implantation, or
a combination of all the effects.

Collectively, the various mechanisms will ultimately present themselves as
ovulatory dysfunction, irregular menstruation, miscarriages and failures in ARTs,

which correlates to the statistics found in obese and overweight women.
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Figure 3. Correlating the changes in adipokines to the HPO axis and the female reproductive system.
TNEF-a = tumor necrosis factor alpha, IL-6 = Interleukin-6; IGF = Insulin-like growth factor; 1 = Increase; |
= Decrease.
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2.3. Treatment Options for Infertility in Obese Women

2.3.1. Weight Loss
Adiposity is the main culprit for infertility in obese women, so losing weight
should be effective in the resumption of fertility. Weight reduction is possible
through negative energy balance, where one’s energy expenditure is greater than
energy intake. Weight loss is associated with better ovulation and pregnancy
rates, live birth rates, menstrual regularity and greater success in ART [68] [69].
Ferlitsch et al [26] suggested that with each reduction of unit BMI, there is an
increment in pregnancy rates by a factor of 1.19. A few studies implied that 5%
reduction in weight is sufficient to improve ovulation rate, menstrual regularity
and pregnancy rates [70] [71]. However, the specific amount of weight reduction
needed to achieve positive fertility outcomes are not confirmed and higher
amount of weight loss are not equivalent to higher pregnancy and live birth rates
[68].

Based on the hormonal aspects, weight loss reduces the levels of serum glu-
cose, insulin and androgens in obese, non-PCOS women, whereas it increases
SHBG levels and insulin sensitivity in obese women with PCOS [70] [72] [73].

Weight reduction is also found to decrease leptin levels and restore leptin sensi-
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tivity, increase adiponectin and ghrelin levels, and reduce IL-6 levels [62] [74]
[75] [76] [77] [78]. Therefore, weight reduction is seen as one of the most effec-
tive methods in the resumption of fertility in obese women as it is capable of re-
versing most of the parameters that contribute to poor follicular growth, oocyte

maturation, ovulation and endometrial development.

2.3.2. Diet

A diet consisting of 1200 - 1500 kcal/day seems to be beneficial in terms of both
weight reduction and better fertility outcomes, especially in obese PCOS women
[79]. Further caloric restriction within a short timeframe may have detrimental
effects on fertility and IVF treatments [69] [80].

Dietary modification is another promising method for improving fertility in
obese women. Diets consisting of low glycemic index (GI) have generated in-
creased pregnancy and live birth rates, better oocytes yield during ovarian sti-
mulation, possibly through its improvements on the serum insulin levels [81].
Low GI diets are also able to reduce leptin levels, which allows better follicular
and endometrial growth through the improvements on insulin sensitivity and
levels of female sex hormones [81]. The addition of high-protein in low GI diets
has been found to further improve insulin sensitivity and reduce androgen levels
in those with PCOS [82] [83]. Furthermore, adherence to Mediterranean-diet is
strongly linked to a reduction in IL-6 levels, possibly due to the high composi-
tion of fruits and vegetables in the diet which yields anti-inflammatory proper-
ties [84]. Therefore, diets consisting of low GI and high fruits and vegetables can
be attempted in conjunction with weight loss prior to fertility treatments to

achieve the best possible outcome.

2.3.3. Physical Activity

Hakimi and Cameron [85] suggested that daily exercises of 30 - 60 minutes are
able to improve ovulation and fertility rate. A meta-analysis implied that physi-
cal activity before ART can increase clinical pregnancy and live birth rates by
1.96-fold and 1.94-fold, respectively [86]. However, excessive amount of vigor-
ous exercises (>60 minutes) are detrimental to one’s fertility status with an in-
creased risk of anovulation [85].

In addition, physical activity reduces inflammatory biomarkers, including
IL-6 and TNF-q, and improves insulin sensitivity, through the process of reduc-
tion in metabolically active visceral fats and increase in cellular metabolism in
skeletal muscles, which in turn help regulates the proteins acting on insulin sig-
nal transduction [85] [87]. With reduced inflammatory processes in the body,
the negative effects on the female reproductive system can be reversed, which is
evidenced by the two-fold increases in both pregnancy and live birth rates.
Hence, physical activity should be recommended for obese women despite fail-

ures in targeting weight loss.

2.3.4. Weight-Loss Medication

Orlistat is the most common weight-reducing pill used in obese women. It is
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found to improve insulin resistance and reduce androgen levels in obese women
with PCOS [37]. However, not many studies are done to prove the effectiveness
of weight-reducing pills on infertility in obese women without PCOS. As data is
limited, the WHO suggests that pharmacological therapy should be used in con-

junction to lifestyle interventions like diet and exercise, for a better outcome [1].

2.3.5. Bariatric Surgery

A meta-analysis suggested that bariatric surgery reduces infertility rates in obese
women with PCOS from 18.2% to 4.3% [88]. Moreover, >70% of anovulatory
obese women are able to achieve menstrual regulation and a shorter follicular
phase post-surgery [89] [90].

Rochester et al. [91] show improvements in baseline LH levels and luteal
pregnanediol-3-glucuronide (PdG), a progesterone metabolite, in eumenorrheic
obese women undergoing bariatric surgery. This can be interpreted where the
regulation of LH levels would bring about a higher success in ovulation, which
can be evidenced by the raise in progesterone, a hormone mainly produced by
the corpus luteum. In addition, obese women that have undergone bariatric
surgery have increased SHBG and adiponectin levels, as well as reduced leptin
and IL-6 levels, as compared to those that have not [90] [92]. Specifically, re-
strictive procedures have been shown to improve ghrelin concentration whereas
bypasses have not [62]. Again, these changes could reverse the negative effects of
prolonged imbalances in endocrinological levels in the female reproductive sys-
tem, which is evidenced by the reduction in infertility rates post-surgery as

stated above.

3. Conclusions

This review has depicted how each of the underlying mechanisms of obesity
leading to female infertility correlates and interacts with one another, which is
shown through either potentiating or inhibiting one another to cause changes in
the HPO axis, female sex hormones as well as changes in the female reproductive
system. The conclusive effects are poor follicular growth, poor oocyte matura-
tion and recruitment, premature atresia of ovarian cells and follicles, as well as
poor endometrial development and implantation, which are evidence through
ovulatory dysfunction, irregular menstruation, increased miscarriages and ART
failure rates.

Weight reduction should be attempted first in obese women seeking fertility
treatment as it seems to be the most effective when it comes to the restoration of
ovarian function and changes in the female reproductive system. It works by re-
ducing the metabolically active adipose tissues, improving insulin sensitivity,
regulating sex hormones, and restoring balances to the adipokines and inflam-
matory mediators. Moreover, dietary modification and physical activity can be
alternatives in conjunction with weight reduction as it improves insulin sensitiv-
ity and reduces the inflammatory processes in the body. Bariatric surgeries can

be reserved as a last resort as it not only reduces weight in women who failed to
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do so, but also restores fertility through the regulation of parameters responsible
for poor ovarian function. However, every operation does come with its own
risks, so it should be weighed against its benefits.

In terms of future studies, it would be great to investigate adipokines in hu-
man models and realize the gap in knowledge on how adipokines relate to the
changes in the female sex hormones. Furthermore, it would be more complete to
have another review to correlate mechanisms that are not yet discussed in this
review, which include inflammation, lipotoxicity and cellular metabolisms, and
how they all links to the changes in the female reproductive system leading to
infertility. It will also be helpful to investigate the effectiveness of pharmacologi-
cal agents targeting the main mechanisms leading to infertility in obese women.
Alternatively, it would be great to have more research on pharmacological agents
that target weight reduction with the effects of fertility resumption in obese wom-
en without PCOS, as the current literature for weight-reducing pills are mostly

done on obese women with PCOS.

Conflicts of Interest

The authors declare no conflicts of interest.

References

[1] World Health Organization (2000) Obesity: Preventing and Managing the Global
Epidemic: Report of a WHO Consultation on Obesity. WHO, Geneva.
https://apps.who.int/iris/handle/10665/42330

[2] Khanna, D. and Rehman, A. (2021) Pathophysiology of Obesity. StatPearls Pub-
lishing, Treasure Island, FL. https://www.ncbi.nlm.nih.gov/books/NBK572076/

[3] Redinger, R.N. (2007) The Pathophysiology of Obesity and Its Clinical Manifesta-
tions. Gastroenterology & Hepatology, 3, 856-863.
https://www.ncbi.nlm.nih.gov/pubmed/21960798

[4] World Health Organization (2021) Obesity and Overweight.
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight

[5] Institute for Public Health (2020) National Health and Morbidity Survey (NHMS)
2019: Non-Communicable Diseases, Healthcare Demand, and Health Literacy—Key

Findings. 40 p.
[6] Weir, C.B. and Jan, A. (2021) BMI Classification Percentile and Cut off Points.

StatPearls Publishing, Treasure Island, FL.
https://www.ncbi.nlm.nih.gov/books/NBK541070/

[7] Practice Committee of the American Society for Reproductive Medicine (2013) De-
finitions of Infertility and Recurrent Pregnancy Loss: A Committee Opinion. Fertil-
ity and Sterility, 99, 63. https://doi.org/10.1016/j.fertnstert.2012.09.023

[8] Ombelet, W., Cooke, I., Dyer, S., Serour, G. and Devroey, P. (2008) Infertility and
the Provision of Infertility Medical Services in Developing Countries. Human Re-
production Update, 14, 605-621. https://doi.org/10.1093/humupd/dmn042

[9] Romero Ramos, R., Romero Gutierrez, G., Abortes Monroy, I. and Medina Sanchez,
H.G. (2008) [Risk Factors Associated to Female Infertility]. Ginecologia y
Obstetricia de Mexico, 76, 717-721.
https://www.ncbi.nlm.nih.gov/pubmed/19149400

DOI: 10.4236/0alib.1108817

14 Open Access Library Journal


https://doi.org/10.4236/oalib.1108817
https://apps.who.int/iris/handle/10665/42330
https://www.ncbi.nlm.nih.gov/books/NBK572076/
https://www.ncbi.nlm.nih.gov/pubmed/21960798
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.ncbi.nlm.nih.gov/books/NBK541070/
https://doi.org/10.1016/j.fertnstert.2012.09.023
https://doi.org/10.1093/humupd/dmn042
https://www.ncbi.nlm.nih.gov/pubmed/19149400

T.L. Joonetal.

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

Direkvand-Moghadam, A., Delpisheh, A. and Khosravi, A. (2013) Epidemiology of
Female Infertility: A Review of Literature. Biosciences Biotechnology Research Asia,
10, 559-567. https://doi.org/10.13005/bbra/1165

Santoro, N., Lasley, B., McConnell, D., Allsworth, J., Crawford, S., Gold, E.B., et al
(2004) Body Size and Ethnicity Are Associated with Menstrual Cycle Alterations in
Women in the Early Menopausal Transition: The Study of Women’s Health across
the Nation (SWAN) Daily Hormone Study. The Journal of Clinical Endocrinology
& Metabolism, 89, 2622-2631. https://doi.org/10.1210/jc.2003-031578

Jain, A., Polotsky, A.J., Rochester, D., Berga, S.L., Loucks, T., Zeitlian, G., et al
(2007) Pulsatile Luteinizing Hormone Amplitude and Progesterone Metabolite Excre-
tion Are Reduced in Obese Women. The Journal of Clinical Endocrinology & Meta-
bolism, 92, 2468-2473. https://doi.org/10.1210/jc.2006-2274

Ecochard, R., Marret, H., Barbato, M. and Boehringer, H. (2000) Gonadotropin and
Body Mass Index: High FSH Levels in Lean, Normally Cycling Women. Obstetrics
& Gynecology, 96, 8-12. https://doi.org/10.1016/S0029-784400842-5

Freeman, E-W., Sammel, M.D., Lin, H. and Gracia, C.R. (2010) Obesity and Repro-
ductive Hormone Levels in the Transition to Menopause. Menopause, 17, 718-726.
https://doi.org/10.1097/gme.0b013e3181cec85d

Rich-Edwards, J.W., Goldman, M.B., Willett, W.C., Hunter, D.]., Stampfer, M.]., Col-
ditz, G.A. and Manson, J.E. (1994) Adolescent Body Mass Index and Infertility Caused
by Ovulatory Disorder. American Journal of Obstetrics & Gynecology; 171, 171-177.
https://doi.org/10.1016/0002-937890465-0

Ramlau-Hansen, C.H., Thulstrup, A.M., Nohr, E.A., Bonde, J.P., Sorensen, T.I. and
Olsen, J. (2007) Subfecundity in Overweight and Obese Couples. Human Reproduc-
tion, 22, 1634-1637. https://doi.org/10.1093/humrep/dem035

van der Steeg, J.W., Steures, P., Eijkemans, M.]., Habbema, J.D., Hompes, P.G.,
Burggraaff, ].M., et al (2008) Obesity Affects Spontaneous Pregnancy Chances in
Subfertile, Ovulatory Women. Human Reproduction, 23, 324-328.
https://doi.org/10.1093/humrep/dem371

Zaadstra, B.M., Seidell, J.C., Van Noord, P.A., te Velde, E.R., Habbema, ].D., Vries-
wijk, B. and Karbaat, J. (1993) Fat and Female Fecundity: Prospective Study of Ef-
fect of Body Fat Distribution on Conception Rates. British Medical Journal, 306,
484-487. https://doi.org/10.1136/bmj.306.6876.484

Pantasri, T. and Norman, R.J. (2014) The Effects of Being Overweight and Obese on
Female Reproduction: A Review. Gynecological Endocrinology; 30, 90-94.
https://doi.org/10.3109/09513590.2013.850660

Giviziez, C.R., Sanchez, E.G., Approbato, M.S., Maia, M.C,, Fleury, E.A. and Sasaki,
R.S. (2016) Obesity and Anovulatory Infertility: A Review. /JBRA Assisted Repro-
duction, 20, 240-245. https://doi.org/10.5935/1518-0557.20160046

Grodstein, F., Goldman, M.B. and Cramer, D.W. (1994) Body mass Index and Ovulato-
ry Infertility. Epidemiology, 5, 247-250.
https://doi.org/10.1097/00001648-199403000-00016

Sasaki, R.S.A., Approbato, M.S., Maia, M.C.S., Ferreira, E. and Zanluchi, N. (2019)

Ovulatory Status of Overweight Women without Polycystic Ovary Syndrome. /BRA
Assisted Reproduction, 23, 2-6. https://doi.org/10.5935/1518-0557.20180071

Broughton, D.E. and Moley, K.H. (2017) Obesity and Female Infertility: Potential
Mediators of Obesity’s Impact. Fertility and Sterility, 107, 840-847.
https://doi.org/10.1016/j.fertnstert.2017.01.017

Wei, S., Schmidt, M.D., Dwyer, T., Norman, R.J. and Venn, A.J. (2009) Obesity and

DOI: 10.4236/0alib.1108817

15 Open Access Library Journal


https://doi.org/10.4236/oalib.1108817
https://doi.org/10.13005/bbra/1165
https://doi.org/10.1210/jc.2003-031578
https://doi.org/10.1210/jc.2006-2274
https://doi.org/10.1016/S0029-7844(00)00842-5
https://doi.org/10.1097/gme.0b013e3181cec85d
https://doi.org/10.1016/0002-9378(94)90465-0
https://doi.org/10.1093/humrep/dem035
https://doi.org/10.1093/humrep/dem371
https://doi.org/10.1136/bmj.306.6876.484
https://doi.org/10.3109/09513590.2013.850660
https://doi.org/10.5935/1518-0557.20160046
https://doi.org/10.1097/00001648-199403000-00016
https://doi.org/10.5935/1518-0557.20180071
https://doi.org/10.1016/j.fertnstert.2017.01.017

T.L. Joonetal.

(25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(371

(38]

Menstrual Irregularity: Associations with SHBG, Testosterone, and Insulin. Obesity,
17, 1070-1076. https://doi.org/10.1038/0by.2008.641

Bellver, J., Rossal, L.P., Bosch, E., Zuniga, A., Corona, J.T., Melendez, F., et al
(2003) Obesity and the Risk of Spontaneous Abortion after Oocyte Donation. Fer-
tility and Sterility, 79, 1136-1140. https://doi.org/10.1016/S0015-028200176-6

Ferlitsch, K., Sator, M.O., Gruber, D.M., Rucklinger, E., Gruber, C.J. and Huber,
J.C. (2004) Body Mass Index, Follicle-Stimulating Hormone and Their Predictive
Value in in Vitro Fertilization. Journal of Assisted Reproduction and Genetics, 21,
431-436. https://doi.org/10.1007/s10815-004-8759-1

Petersen, G.L., Schmidt, L., Pinborg, A. and Kamper-Jorgensen, M. (2013) The In-
fluence of Female and Male Body Mass Index on Live Births after Assisted Repro-
ductive Technology Treatment: A Nationwide Register-Based Cohort Study. Fertil-
ity and Sterility;, 99, 1654-1662. https://doi.org/10.1016/j.fertnstert.2013.01.092

Parihar, M. (2003) Obesity and Infertility. Reviews in Gynaecological Practice, 3,
120-126. https://doi.org/10.1016/S1471-769700061-3

Jungheim, E.S. and Moley, K.H. (2010) Current Knowledge of Obesity’s Effects in
the Pre- and Periconceptional Periods and Avenues for Future Research. American
Journal of Obstetrics & Gynecology, 203, 525-530.
https://doi.org/10.1016/j.aj0g.2010.06.043

Dag, Z.0. and Dilbaz, B. (2015) Impact of Obesity on Infertility in Women. Journal
of the Turkish German Gynecological Association, 16, 111-117.
https://doi.org/10.5152/jtgga.2015.15232

Goldsammler, M., Merhi, Z. and Buyuk, E. (2018) Role of Hormonal and Inflam-
matory Alterations in Obesity-Related Reproductive Dysfunction at the Level of the
Hypothalamic-Pituitary-Ovarian Axis. Reproductive Biology and Endocrinology,
16, 45. https://doi.org/10.1186/s12958-018-0366-6

Gambineri, A., Laudisio, D., Marocco, C., Radellini, S., Colao, A. and Savastano, S.
(2019) Female Infertility: Which Role for Obesity? International Journal of Obesity
Supplements, 9, 65-72. https://doi.org/10.1038/s41367-019-0009-1

Wu, S., Divall, S., Nwaopara, A., Radovick, S., Wondisford, F., Ko, C. and Wolfe, A.
(2014) Obesity-Induced Infertility and Hyperandrogenism Are Corrected by Dele-
tion of the Insulin Receptor in the Ovarian Theca Cell. Diabetes, 63, 1270-1282.
https://doi.org/10.2337/db13-1514

Poretsky, L., Cataldo, N.A., Rosenwaks, Z. and Giudice, L.C. (1999) The Insu-
lin-Related Ovarian Regulatory System in Health and Disease. Endocrine Reviews,
20, 535-582. https://doi.org/10.1210/edrv.20.4.0374

Giudice, L.C. (1992) Insulin-Like Growth Factors and Ovarian Follicular Develop-
ment. Endocrine Reviews, 13, 641-669. https://doi.org/10.1210/edrv-13-4-641

Juul, A. (2003) Serum Levels of Insulin-Like Growth Factor I and Its Binding Pro-
teins in Health and Disease. Growth Hormone & IGF Research, 13, 113-170.
https://doi.org/10.1016/S1096-6374(03)00038-8

Brewer, C.J. and Balen, A.H. (2010) The Adverse Effects of Obesity on Conception
and Implantation. Reproduction: The Official Journal of the Society for the Study of
Fertility, 140, 347-364. https://doi.org/10.1530/REP-09-0568

Von Schoultz, B. and Carlstrom, K. (1989) On the Regulation of Sex-Hormone-Binding
Globulin—A Challenge of an Old Dogma and Outlines of an Alternative Mechan-
ism. Journal of Steroid Biochemistry, 32, 327-334.
https://doi.org/10.1016/0022-4731(89)90272-0

DOI: 10.4236/0alib.1108817

16 Open Access Library Journal


https://doi.org/10.4236/oalib.1108817
https://doi.org/10.1038/oby.2008.641
https://doi.org/10.1016/S0015-0282(03)00176-6
https://doi.org/10.1007/s10815-004-8759-1
https://doi.org/10.1016/j.fertnstert.2013.01.092
https://doi.org/10.1016/S1471-7697(03)00061-3
https://doi.org/10.1016/j.ajog.2010.06.043
https://doi.org/10.5152/jtgga.2015.15232
https://doi.org/10.1186/s12958-018-0366-6
https://doi.org/10.1038/s41367-019-0009-1
https://doi.org/10.2337/db13-1514
https://doi.org/10.1210/edrv.20.4.0374
https://doi.org/10.1210/edrv-13-4-641
https://doi.org/10.1016/S1096-6374(03)00038-8
https://doi.org/10.1530/REP-09-0568
https://doi.org/10.1016/0022-4731(89)90272-0

T.L. Joonetal.

(39]

(40]

[41]

[42]

(43]

(44]

(45]

[46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

Reverchon, M., Ramé, C., Bertoldo, M. and Dupont, J. (2014) Adipokines and the
Female Reproductive Tract. International Journal of Endocrinology, 2014, Article
ID: 232454. https://doi.org/10.1155/2014/232454

Ouchi, N., Parker, J.L., Lugus, J.J. and Walsh, K. (2011) Adipokines in Inflamma-
tion and Metabolic Disease. Nature Reviews Immunology, 11, 85-97.
https://doi.org/10.1038/nri2921

Ouchi, N,, Kihara, S., Funahashi, T., Matsuzawa, Y. and Walsh, K. (2003) Obesity,
Adiponectin and Vascular Inflammatory Disease. Current Opinion in Lipidolo-
gy, 14, 561-566. https://doi.org/10.1097/00041433-200312000-00003

Bourlier, V. and Bouloumie, A. (2009) Role of Macrophage Tissue Infiltration in
Obesity and Insulin Resistance. Diabetes & Metabolism, 35, 251-260.
https://doi.org/10.1016/j.diabet.2009.05.001

He, Y., Lu, L., Wei, X, Jin, D., Qian, T., Yu, A., et al. (2016) The Multimerization and
Secretion of Adiponectin Are Regulated by TNF-Alpha. Endocrine, 51, 456-468.
https://doi.org/10.1007/s12020-015-0741-4

Moschos, S., Chan, J.L. and Mantzoros, C.S. (2002) Leptin and Reproduction: A Re-
view. Fertility and Sterility, 77, 433-444. https://doi.org/10.1016/S0015-028203010-2

Zhang, Y. and Scarpace, P.J. (2006) The Role of Leptin in Leptin Resistance and
Obesity. Physiology & Behavior, 88, 249-256.
https://doi.org/10.1016/j.physbeh.2006.05.038

Glenn, T., Harris, A.L. and Lindheim, S.R. (2019) Impact of Obesity on Male and
Female Reproductive Outcomes. Current Opinion in Obstetrics and Gynecology,
31, 201-206. https://doi.org/10.1097/GCO.0000000000000549

Catteau, A., Caillon, H., Barriére, P., Denis, M.G., Masson, D. and Fréour, T. (2016)
Leptin and Its Potential Interest in Assisted Reproduction Cycles. Human Repro-
duction Update, 22, 320-341. https://doi.org/10.1093/humupd/dmv057

Greisen, S., Ledet, T., Moller, N., Jorgensen, J.O., Christiansen, J.S., Petersen, K. and
Ovesen, P. (2000) Effects of Leptin on Basal and FSH Stimulated Steroidogenesis in
Human Granulosa Luteal Cells. Acta Obstetricia et Gynecologica Scandinavica, 79,
931-935. https://doi.org/10.1034/.1600-0412.2000.079011931.x

Agarwal, S.K., Vogel, K., Weitsman, S.R. and Magoffin, D.A. (1999) Leptin Antago-
nizes the Insulin-Like Growth Factor-I Augmentation of Steroidogenesis in Granu-

losa and Theca Cells of the Human Ovary. The Journal of Clinical Endocrinology &
Metabolism, 84, 1072-1076. https://doi.org/10.1210/jcem.84.3.5543

Lin, Q., Poon, S.L., Chen, J., Cheng, L., HoYuen, B. and Leung, P.C. (2009) Leptin
Interferes with 3’,5’-Cyclic Adenosine Monophosphate (cAMP) Signaling to Inhibit

Steroidogenesis in Human Granulosa Cells. Reproductive Biology and Endocrinol-
ogy, 7, Article No. 115. https://doi.org/10.1186/1477-7827-7-115

Kitawaki, J., Kusuki, I., Koshiba, H., Tsukamoto, K. and Honjo, H. (1999) Leptin
Directly Stimulates Aromatase Activity in Human Luteinized Granulosa Cells. Mo-
lecular Human Reproduction, 5, 708-713. https://doi.org/10.1093/molehr/5.8.708

Michalakis, K.G. and Segars, J.H. (2010) The Role of Adiponectin in Reproduction:
From Polycystic Ovary Syndrome to Assisted Reproduction. Fertility and Sterility,
94, 1949-1957. https://doi.org/10.1016/j.fertnstert.2010.05.010

Arita, Y., Kihara, S., Ouchi, N., Takahashi, M., Maeda, K., Miyagawa, J., et al. (1999)
Paradoxical Decrease of an Adipose-Specific Protein, Adiponectin, in Obesity. Bio-
chemical and Biophysical Research Communications, 257, 79-83.
https://doi.org/10.1006/bbrc.1999.0255

DOI: 10.4236/0alib.1108817

17 Open Access Library Journal


https://doi.org/10.4236/oalib.1108817
https://doi.org/10.1155/2014/232454
https://doi.org/10.1038/nri2921
https://doi.org/10.1097/00041433-200312000-00003
https://doi.org/10.1016/j.diabet.2009.05.001
https://doi.org/10.1007/s12020-015-0741-4
https://doi.org/10.1016/S0015-0282(01)03010-2
https://doi.org/10.1016/j.physbeh.2006.05.038
https://doi.org/10.1097/GCO.0000000000000549
https://doi.org/10.1093/humupd/dmv057
https://doi.org/10.1034/j.1600-0412.2000.079011931.x
https://doi.org/10.1210/jcem.84.3.5543
https://doi.org/10.1186/1477-7827-7-115
https://doi.org/10.1093/molehr/5.8.708
https://doi.org/10.1016/j.fertnstert.2010.05.010
https://doi.org/10.1006/bbrc.1999.0255

T.L. Joonetal.

(54]

(55]

[56]

(57]

(58]

(59]

[60]

(61]

(62]

(63]

[64]

(65]

[66]

(67]

Chabrolle, C., Tosca, L., Rame, C., Lecomte, P., Royere, D. and Dupont, J. (2009)
Adiponectin Increases Insulin-Like Growth Factor I-Induced Progesterone and Es-
tradiol Secretion in Human Granulosa Cells. Fertility and Sterility, 92, 1988-1996.
https://doi.org/10.1016/j.fertnstert.2008.09.008

Zorena, K., Jachimowicz-Duda, O., Slezak, D., Robakowska, M. and Mrugacz, M.
(2020) Adipokines and Obesity. Potential Link to Metabolic Disorders and Chronic

Complications. International Journal of Molecular Sciences, 21, Article No. 3570.
https://doi.org/10.3390/ijms21103570

Halle, M., Berg, A., Northoff, H. and Keul, J. (1998) Importance of TNF-Alpha and
Leptin in Obesity and Insulin Resistance: A Hypothesis on the Impact of Physical

Exercise. Exercise Immunology Review, 4, 77-94.
https://www.ncbi.nlm.nih.gov/pubmed/9644096

Kirchgessner, T.G., Uysal, K.T., Wiesbrock, S.M., Marino, M.W. and Hotamisligil,
G.S. (1997) Tumor Necrosis Factor-Alpha Contributes to Obesity-Related Hyper-
leptinemia by Regulating Leptin Release from Adipocytes. The Journal of Clinical
Investigation, 100, 2777-2782. https://doi.org/10.1172/JCI119824

Terranova, P.F. (1997) Potential Roles of Tumor Necrosis Factor-Alpha in Follicu-
lar Development, Ovulation, and the Life Span of the Corpus Luteum. Domestic
Animal Endocrinology, 14, 1-15. https://doi.org/10.1016/S0739-7240(96)00094-X

Wood, J.R. and Strauss 3rd, J.F. (2002) Multiple Signal Transduction Pathways Re-
gulate Ovarian Steroidogenesis. Reviews in Endocrine and Metabolic Disorders, 3,
33-46. https://doi.org/10.1023/A:1012748718150

Russell, S.H., Small, C.J., Stanley, S.A., Franks, S., Ghatei, M.A. and Bloom, S.R.
(2001) The in Vitro Role of Tumour Necrosis Factor-Alpha and Interleukin-6 in the
Hypothalamic-Pituitary Gonadal Axis. Journal of Neuroendocrinology, 13, 296-301.
https://doi.org/10.1046/j.1365-2826.2001.00632.x

Watanobe, H. and Hayakawa, Y. (2003) Hypothalamic Interleukin-1 Beta and Tu-
mor Necrosis Factor-Alpha, but Not Interleukin-6, Mediate the Endotoxin-Induced
Suppression of the Reproductive Axis in Rats. Endocrinology, 144, 4868-4875.
https://doi.org/10.1210/en.2003-0644

Gosman, G.G., Katcher, H.I. and Legro, R.S. (2006) Obesity and the Role of Gut and
Adipose Hormones in Female Reproduction. Human Reproduction Update, 12,
585-601. https://doi.org/10.1093/humupd/dml024

Mikuni, M. (1995) Effect of Interleukin-2 and Interleukin-6 on Ovary in the Ovula-
tory Period—Establishment of the New Ovarian Perfusion System and Influence of
Interleukins on Ovulation Rate and Steroid Secretion. Hokkaido Igaku Zasshi, 70,
561-572. https://www.ncbi.nlm.nih.gov/pubmed/7590603

Deura, 1., Harada, T., Taniguchi, F., Iwabe, T., Izawa, M. and Terakawa, N. (2005)
Reduction of Estrogen Production by Interleukin-6 in a Human Granulosa Tumor
Cell Line May Have Implications for Endometriosis-Associated Infertility. Fertility
and Sterility, 83, 1086-1092. https://doi.org/10.1016/j.fertnstert.2004.12.014

Arvat, E., Maccario, M., Di Vito, L., Broglio, F., Benso, A., Gottero, C., et al (2001)
Endocrine Activities of Ghrelin, a Natural Growth Hormone Secretagogue (GHS),
in Humans: Comparison and Interactions with Hexarelin, a Nonnatural Peptidyl
GHS, and GH-Releasing Hormone. The Journal of Clinical Endocrinology & Meta-
bolism, 86, 1169-1174. https://doi.org/10.1210/jc.86.3.1169

Rak, A. and Gregoraszczuk, E.L. (2008) Modulatory Effect of Ghrelin in Prepubertal
Porcine Ovarian Follicles. Journal of Physiology and Pharmacology, 59, 781-793.
https://www.ncbi.nlm.nih.gov/pubmed/19212011

Tschop, M., Weyer, C., Tataranni, P.A., Devanarayan, V., Ravussin, E. and Heiman,

DOI: 10.4236/0alib.1108817

18 Open Access Library Journal


https://doi.org/10.4236/oalib.1108817
https://doi.org/10.1016/j.fertnstert.2008.09.008
https://doi.org/10.3390/ijms21103570
https://www.ncbi.nlm.nih.gov/pubmed/9644096
https://doi.org/10.1172/JCI119824
https://doi.org/10.1016/S0739-7240(96)00094-X
https://doi.org/10.1023/A:1012748718150
https://doi.org/10.1046/j.1365-2826.2001.00632.x
https://doi.org/10.1210/en.2003-0644
https://doi.org/10.1093/humupd/dml024
https://www.ncbi.nlm.nih.gov/pubmed/7590603
https://doi.org/10.1016/j.fertnstert.2004.12.014
https://doi.org/10.1210/jc.86.3.1169
https://www.ncbi.nlm.nih.gov/pubmed/19212011

T.L. Joonetal.

(68]

[69]

(70]

(71]

(72]

(73]

(74]

(75]

[76]

(77]

(78]

(79]

(80]

M.L. (2001) Circulating Ghrelin Levels Are Decreased in Human Obesity. Diabetes,
50, 707-709. https://doi.org/10.2337/diabetes.50.4.707

Best, D., Avenell, A. and Bhattacharya, S. (2017) How Effective Are Weight-Loss
Interventions for Improving Fertility in Women and Men Who Are Overweight or
Obese? A Systematic Review and Meta-Analysis of the Evidence. Human Reproduc-
tion Update, 23, 681-705. https://doi.org/10.1093/humupd/dmx027

Sim, K.A., Partridge, S.R. and Sainsbury, A. (2014) Does Weight Loss in Overweight
or Obese Women Improve Fertility Treatment Outcomes? A Systematic Review.
Obesity Reviews, 15, 839-850. https://doi.org/10.1111/0br.12217

Kiddy, D.S., Hamilton-Fairley, D., Bush, A., Short, F., Anyaoku, V., Reed, M.J. and
Franks, S. (1992) Improvement in Endocrine and Ovarian Function during Dietary
Treatment of Obese Women with Polycystic Ovary Syndrome. Clinical Endocri-
nology, 36, 105-111. https://doi.org/10.1111/j.1365-2265.1992.tb02909.x

Crosignani, P.G., Colombo, M., Vegetti, W., Somigliana, E., Gessati, A. and Ragni,
G. (2003) Overweight and Obese Anovulatory Patients with Polycystic Ovaries: Pa-
rallel Improvements in Anthropometric Indices, Ovarian Physiology and Fertility
Rate Induced by Diet. Human Reproduction, 18, 1928-1932.
https://doi.org/10.1093/humrep/deg367

Hollmann, M., Runnebaum, B. and Gerhard, I. (1996) Effects of Weight Loss on the
Hormonal Profile in Obese, Infertile Women. Human Reproduction, 11, 1884-1891.
https://doi.org/10.1093/oxfordjournals.humrep.a019512

Holte, J., Bergh, T., Berne, C., Wide, L. and Lithell, H. (1995) Restored Insulin Sen-
sitivity but Persistently Increased Early Insulin Secretion after Weight Loss in Obese
Women with Polycystic Ovary Syndrome. The Journal of Clinical Endocrinology &
Metabolism, 80, 2586-2593. https://doi.org/10.1210/jcem.80.9.7673399

Enriori, P.J., Evans, A.E., Sinnayah, P., Jobst, E.E., Tonelli-Lemos, L., Billes, S.K., et
al. (2007) Diet-Induced Obesity Causes Severe but Reversible Leptin Resistance in
Arcuate Melanocortin Neurons. Cell Metabolism, 5, 181-194.
https://doi.org/10.1016/j.cmet.2007.02.004

Hotta, K., Funahashi, T., Arita, Y., Takahashi, M., Matsuda, M., Okamoto, Y., et al.
(2000) Plasma Concentrations of a Novel, Adipose-Specific Protein, Adiponectin, in

Type 2 Diabetic Patients. Arteriosclerosis, Thrombosis, and Vascular Biology, 20,
1595-1599. https://doi.org/10.1161/01.ATV.20.6.1595

Cummings, D.E., Weigle, D.S., Frayo, R.S., Breen, P.A., Ma, M.K,, Dellinger, E.P.
and Purnell, J.Q. (2002) Plasma Ghrelin Levels after Diet-Induced Weight Loss or
Gastric Bypass Surgery. The New England Journal of Medicine, 346, 1623-1630.
https://doi.org/10.1056/NEJMo0a012908

Hansen, T.K,, Dall, R., Hosoda, H., Kojima, M., Kangawa, K., Christiansen, J.S. and
Jorgensen, J.O. (2002) Weight Loss Increases Circulating Levels of Ghrelin in Hu-
man Obesity. Clinical Endocrinology; 56, 203-206.
https://doi.org/10.1046/.0300-0664.2001.01456.x

Ryan, A.S. and Nicklas, B.]. (2004) Reductions in Plasma Cytokine Levels with
Weight Loss Improve Insulin Sensitivity in Overweight and Obese Postmenopausal
Women. Diabetes Care, 27, 1699-1705. https://doi.org/10.2337/diacare.27.7.1699

Moran, L.J., Pasquali, R., Teede, H.J., Hoeger, KM. and Norman, R.J. (2009)
Treatment of Obesity in Polycystic Ovary Syndrome: A Position Statement of the
Androgen Excess and Polycystic Ovary Syndrome Society. Fertility and Sterility, 92,
1966-1982. https://doi.org/10.1016/j.fertnstert.2008.09.018

Tsagareli, V., Noakes, M. and Norman, R.J. (2006) Effect of a Very-Low-Calorie Di-

DOI: 10.4236/0alib.1108817

19 Open Access Library Journal


https://doi.org/10.4236/oalib.1108817
https://doi.org/10.2337/diabetes.50.4.707
https://doi.org/10.1093/humupd/dmx027
https://doi.org/10.1111/obr.12217
https://doi.org/10.1111/j.1365-2265.1992.tb02909.x
https://doi.org/10.1093/humrep/deg367
https://doi.org/10.1093/oxfordjournals.humrep.a019512
https://doi.org/10.1210/jcem.80.9.7673399
https://doi.org/10.1016/j.cmet.2007.02.004
https://doi.org/10.1161/01.ATV.20.6.1595
https://doi.org/10.1056/NEJMoa012908
https://doi.org/10.1046/j.0300-0664.2001.01456.x
https://doi.org/10.2337/diacare.27.7.1699
https://doi.org/10.1016/j.fertnstert.2008.09.018

T.L. Joonetal.

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

(90]

[91]

[92]

et on 7n Vitro Fertilization Outcomes. Fertility and Sterility, 86, 227-229.
https://doi.org/10.1016/j.fertnstert.2005.12.041

Becker, G.F., Passos, E.P. and Moulin, C.C. (2015) Short-Term Effects of a Hypoca-
loric Diet with Low Glycemic Index and Low Glycemic Load on Body Adiposity,

Metabolic Variables, Ghrelin, Leptin, and Pregnancy Rate in Overweight and Obese
Infertile Women: A Randomized Controlled Trial. The American Journal of Clini-
cal Nutrition, 102, 1365-1372. https://doi.org/10.3945/ajcn.115.117200

Marsh, K.A., Steinbeck, K.S., Atkinson, F.S., Petocz, P. and Brand-Miller, J.C. (2010)
Effect of a Low Glycemic Index Compared with a Conventional Healthy Diet on Po-

lycystic Ovary Syndrome. The American Journal of Clinical Nutrition, 92, 83-92.
https://doi.org/10.3945/ajcn.2010.29261

Mehrabani, H.H., Salehpour, S., Amiri, Z., Farahani, S.]., Meyer, B.]. and Tahbaz, F.
(2012) Beneficial Effects of a High-Protein, Low-Glycemic-Load Hypocaloric Diet in
Overweight and Obese Women with Polycystic Ovary Syndrome: A Randomized Con-
trolled Intervention Study. Journal of the American College of Nutrition, 31, 117-125.
https://doi.org/10.1080/07315724.2012.10720017

Esposito, K., Marfella, R., Ciotola, M., Di Palo, C., Giugliano, F., Giugliano, G., et al.
(2004) Effect of a Mediterranean-Style Diet on Endothelial Dysfunction and Mark-
ers of Vascular Inflammation in the Metabolic Syndrome: A Randomized Trial.
Journal of the American Medical Association, 292, 1440-1446.
https://doi.org/10.1001/jama.292.12.1440

Hakimi, O. and Cameron, L.C. (2017) Effect of Exercise on Ovulation: A Systematic
Review. Sports Medicine, 47, 1555-1567. https://doi.org/10.1007/s40279-016-0669-8

Rao, M., Zeng, Z. and Tang, L. (2018) Maternal Physical Activity before IVF/ICSI
Cycles Improves Clinical Pregnancy Rate and Live Birth Rate: A Systematic Review

and Meta-Analysis. Reproductive Biology and Endocrinology, 16, Article No. 11.
https://doi.org/10.1186/s12958-018-0328-z

Farinha, J.B., Steckling, F.M., Stefanello, S.T., Cardoso, M.S., Nunes, L.S., Barcelos,
R.P., et al. (2015) Response of Oxidative Stress and Inflammatory Biomarkers to a
12-Week Aerobic Exercise Training in Women with Metabolic Syndrome. Sports
Medicine— Open, 1, Article No. 19. https://doi.org/10.1186/s40798-015-0011-2

Skubleny, D., Switzer, N.]., Gill, R.S., Dykstra, M., Shi, X., Sagle, M.A., et al. (2016)
The Impact of Bariatric Surgery on Polycystic Ovary Syndrome: A Systematic Re-

view and Meta-Analysis. Obesity Surgery, 26, 169-176.
https://doi.org/10.1007/s11695-015-1902-5

Teitelman, M., Grotegut, C.A., Williams, N.N. and Lewis, J.D. (2006) The Impact of
Bariatric Surgery on Menstrual Patterns. Obesity Surgery, 16, 1457-1463.
https://doi.org/10.1381/096089206778870148

Legro, R.S., Dodson, W.C., Gnatuk, C.L., Estes, S.J., Kunselman, A.R., Meadows,
J.W., et al (2012) Effects of Gastric Bypass Surgery on Female Reproductive Func-
tion. The Journal of Clinical Endocrinology & Metabolism, 97, 4540-4548.
https://doi.org/10.1210/jc.2012-2205

Rochester, D., Jain, A., Polotsky, A.]., Polotsky, H., Gibbs, K., Isaac, B., et al (2009)
Partial Recovery of Luteal Function after Bariatric Surgery in Obese Women. Ferti/-
ity and Sterility, 92, 1410-1415. https://doi.org/10.1016/j.fertnstert.2008.08.025

Vendrell, J., Broch, M., Vilarrasa, N., Molina, A., Gomez, J.M., Gutierrez, C., et al.
(2004) Resistin, Adiponectin, Ghrelin, Leptin, and Proinflammatory Cytokines: Re-
lationships in Obesity. Obesity Research, 12, 962-971.
https://doi.org/10.1038/0by.2004.118

DOI: 10.4236/0alib.1108817

20 Open Access Library Journal


https://doi.org/10.4236/oalib.1108817
https://doi.org/10.1016/j.fertnstert.2005.12.041
https://doi.org/10.3945/ajcn.115.117200
https://doi.org/10.3945/ajcn.2010.29261
https://doi.org/10.1080/07315724.2012.10720017
https://doi.org/10.1001/jama.292.12.1440
https://doi.org/10.1007/s40279-016-0669-8
https://doi.org/10.1186/s12958-018-0328-z
https://doi.org/10.1186/s40798-015-0011-2
https://doi.org/10.1007/s11695-015-1902-5
https://doi.org/10.1381/096089206778870148
https://doi.org/10.1210/jc.2012-2205
https://doi.org/10.1016/j.fertnstert.2008.08.025
https://doi.org/10.1038/oby.2004.118

	Obesity and Female Infertility—A Review on Mechanisms (Endocrinology)
	Abstract
	Subject Areas
	Keywords
	1. Introduction
	2. Results and Discussion
	2.1. Association of Obesity and Female Infertility
	2.2. Mechanisms of Obesity on Female Infertility
	2.2.1. Adipose Tissue
	2.2.2. Insulin
	2.2.3. Sex Hormone-Binding Globulin
	2.2.4. Adipokines, Inflammatory Mediators and Enterokines

	2.3. Treatment Options for Infertility in Obese Women
	2.3.1. Weight Loss
	2.3.2. Diet
	2.3.3. Physical Activity
	2.3.4. Weight-Loss Medication
	2.3.5. Bariatric Surgery


	3. Conclusions
	Conflicts of Interest
	References

