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Abstract

Polycystic ovarian syndrome (PCOS) is the most common endocrinopathy in women of reproductive age. Obesity
in PCOS patients is associated with significant morbidities. Obesity in PCOS abrogates the menstrual cycle and
fertility, and can independently increase the risk of metabolic syndrome and the latter’s long-term cardiac and health
complications. The degree of obesity as reflected by the body mass index (BMI) can have a significant impact on the
associated risk with its morbidities. Thus, weight reduction is highly encouraged for obese patients with PCOS as
early as in adolescence to avoid long-term complications. Conservative methods of weight reduction, such as diet and
lifestyle modifications, have been used in PCOS patients but their effects can be short-lived, especially in the morbidly
obese populations. To that end, bariatric surgery has been proposed as an alternative modality for the treatment
of obese patients with PCOS in order to decrease the risk of metabolic syndrome. Nevertheless, bariatric surgery
utilization in the adolescent population of PCOS patients is still not well evaluated. Bariatric surgery is considered in
patients with very high BMI levels and those patients who had multiple failed attempts of weight reduction using more
conservative methods. In this review, we focused on the metabolic manifestations of PCOS and discussed studies
highlighting the usage of bariatric surgery as an attempt to reduce weight in obese patients with PCOS with primary

focus on the adolescent population.
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Synopsis: Bariatric surgery should be entertained in qualified
patients with PCOS who desire weight reduction and amelioration of
long term complications where conservative measures have failed.

Introduction

Polycystic ovarian syndrome (PCOS) is the commonest endocrine
disorder in reproductive age women, with an estimated worldwide
prevalence reaching a staggering 15% [1]. The Rotterdam consensus
criteria are used to diagnose PCOS and require two of the following:
(1) biochemical or clinical evidence of androgen excess, (2) chronic
oligo-ovulation or anovulation, (3) polycystic ovaries on an ultrasound
examination, and the exclusion of other known disorders [2]. Although
not part of the diagnostic criteria, patients with PCOS are at an
increased risk of developing several metabolic disorders including
impaired glucose tolerance, type 2 diabetes mellitus (T2DM), obesity,
dyslipidemia, hypertension, and insulin resistance [1,3]. Signs and
symptoms of PCOS, primarily obesity and menstrual abnormalities,
are manifested as early as in adolescent years. Hence, it is warranted
to identify treatment modalities that can be initiated as early as
adolescence to alleviate the long-term complications of PCOS.

Since obesity is a major contributor to the metabolic syndrome and
other biological pathways, it is prudent to encourage women with PCOS
to lose weight. According to the PCOS/Troglitazone Study Group, risk
of metabolic syndrome in PCOS women is more evident with BMI
above 27 kg/m? suggesting that the degree of overweight and obesity
should factor into the risk of developing complications [4]. However,
conservative weight reduction methods are not always successful.
Bariatric surgery is as an alternative method to achieve faster and more
stable weight loss in obese individuals. In this review, we will examine
the contribution of obesity to the metabolic syndrome, cardiovascular
disease and other metabolic abnormalities in PCOS patients. Further,
we will discuss the utilization of bariatric surgery as weight reduction
approach in PCOS patients as early as in adolescence.

Obesity in PCOS

Obesity in the general population: Owing to sedentary lifestyle,
high-calorie diet and genetic factors, more than 2 billion people are
considered overweight or obese [5,6]. Further, approximately 4% of
adolescents and children between the age of 2 and 19 years are obese
[5,6]. Conservative weight reduction methods, such as diet and life
style modifications, are important in management of obesity and are
associated with an average loss of 10 kilograms of body weight, which
can be significantly lower than the target weight reduction [7,8].
Alternatively, bariatric surgery is superior to conservative methods and
medical therapy for weight loss management in the general population
[9-12]. Noteworthy, the extent of weight loss after undergoing bariatric
surgery depends on the extent of pre-intervention overweight. The
utilization of bariatric surgery in obese PCOS patients is gaining
momentum.

Prevalence and pathogenesis of obesity in PCOS women: Stein
and Leventhal (1935) noted a strong association between polycystic
ovaries and obesity [13]. Today, more than 25% and 35% of overweight
and morbidly obese women, respectively, have PCOS, compared to only
5% of the lean women population [14]. The prevalence of overweight
and obesity in women with PCOS varies between 35% and 80%
depending on the population under study [15-17]. In fact, obesity in
post-adolescence was predictive for the development of PCOS [18].
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Further, PCOS could have been prevented in at least 30% of patients if
the patients had normal body weight [19].

The development of obesity in PCOS patients is proposed to start
as early as during embryogenesis [20]. Specifically, hyperandrogenism
induces visceral fat deposition, and the latter positively feedback
into androgen hyper-secretion creating a vicious cycle [20,21]. Some
genetic alterations have also been implicated in obesity and PCOS. For
instance, a single nucleotide polymorphism in FTO increases the risk of
obesity and has been associated with obese, but not lean body weight,
women with PCOS [22]. Hence, obesity in PCOS can be initiated as
early as during fetal life and is primarily related to hyperandogenism via
a positive feedback loop mechanism.

Obesity exacerbates PCOS metabolic comorbidities, and
impairs several endocrine and metabolic pathways. For instance,
the hypothalamic-pituitary-ovarian axis can be altered by several
mechanisms in obese women with PCOS [23]. Compared to women
with PCOS who have lean body weight, obese women with PCOS have
abrogated inflammatory and growth factor pathways that can lead to
increased insulin resistance and higher levels of androgens [24,25]. Sex
hormone binding globulin (SHBG) levels are inversely correlated with
body mass index (BMI) [26]. Thus, obesity induce major hormonal
changes that can exacerbate or even induce metabolic abnormalities.
Management of obesity can possibly hinder the progression of these
disorders or even prevent it.

Effects of obesity on metabolic abnormalities in PCOS: The
occurrence of metabolic syndrome in PCOS women has been of interest
to endocrinologists and gynecologists. Metabolic syndrome is defined
as a constellation of central obesity and at least two of the following:
low HDL-C, hypertension, high triglycerides and high fasting blood
glucose [27]. Patients with metabolic syndrome have an increased risk
of mortality due to cardiovascular disease and T2DM. Women with
PCOS are at two to four fold increased risk of developing metabolic
syndrome compared to the general women population at all age groups
and independently of body weight, and are subsequently at an increased
risk of developing cardiovascular diseases [28,29]. Interestingly, there
are several similarities between women with metabolic syndrome and
women with PCOS, including reproductive problems, insulin resistance
and obesity [30].

The origin of metabolic syndrome in PCOS women has not been
well elucidated. However, obesity has been entertained as an underlying
factor in instigating metabolic syndrome in women with PCOS [30].
Faloia et al. found that 37% of the overweight or obese women with
PCOS exhibited metabolic syndrome, compared to none of the PCOS
women with lean body weight [31]. Another study found that metabolic
syndrome is not manifested in women with PCOS with a BMI less than
27 Kg/m®neither in women having normal waist circumference [4]. On
the other hand, other studies did not find obesity as a risk factor for
developing metabolic syndrome in PCOS women [32,33]. The variation
in these results could be attributed to the lack of consensus in defining
the metabolic syndrome. Noteworthy, other metabolic disorders of
PCOS manifest as early as in adolescence and include menstrual
cycle irregularities, infertility, dyslipidemia, Insulin resistance, acne,
weight gain, hirsutism and mental health disturbances [30,34,35].
Because insulin resistance, hyperandrogenism and obesity can alter
lipid metabolism, it is not surprising that dyslipidemia is one of the
most common metabolic abnormalities in women with PCOS [28].
Approximately 10% and 30% of women with PCOS have T2DM or
impaired glucose tolerance, respectively [23]. Because obesity underlies
significant comorbidities of PCOS women, management of obesity as

early as possible can be an effective measure to prevent and treat these
manifestations.

Treatment of obesity in PCOS

Significance of weight loss in obese women with PCOS: Weight
loss is a first line management in PCOS women who are obese [18].
To prevent the consequences of metabolic disorders in PCOS women,
treatment should be initiated as early as diagnosis. Most importantly,
preventing metabolic disorders by encouraging weight loss would
be highly beneficial as early as in adolescence [21]. Further, because
almost 80% of overweight adolescents remain overweight as adults, it
is warranted to have weight reduction interventions as soon as possible
[36].

Adolescents with PCOS who lose weight have fewer PCOS
complications. For instance, weight loss can improve fertility rate via
changes in SHBG levels and reduction of LH pulse amplitude, both
mechanisms which lead to decreased androgens [37]. Not surprisingly,
weight loss is the first line management in obese women who are
infertile [38]. Further, improved response to fertility treatment is
evident in PCOS women who lose weight compared to obese [39]. A
5% decrease in body weight can restore menses, and reduce insulin
resistance and testosterone levels in obese women with PCOS [40-42].
Losing 10% of initial body weight in obese PCOS women improves
insulin resistance and metabolic disorders [43]. These findings strongly
implicate the importance of weight loss in obese women with PCOS.

Conventional treatment of obesity in PCOS: Lifestyle
modifications including diet control and regular exercise to achieve
weight loss are widely used methods to attain weight loss. However, the
effects are rarely durable and success rates are low. To that end, medical
intervention for weight loss has been entertained. Metformin decreased
BMI in obese women with PCOS and improved fertility [44]. Other
medications implicated in weight loss of PCOS patients who are obese
include orlistate, sibutramine and rimonabant [18,45,46]. However, the
effectiveness of these drugs varied among studies and significant side
effects to the medications emerged [18]. To that end, identifying a more
durable approach for weight loss in PCOS is highly warranted.

Bariatric surgery

Bariatric surgery as an alternative approach for weight loss:
Lifestyle modifications and medical therapy are most of the times
unsuccessful in achieving significant weight loss. In fact, more than
90% of obese people who used conservative treatment to attain weight
loss return to their original weight eventually [47]. Surgical therapy
for weight loss is an alternative durable approach. Bariatric surgery
is considered the most effective weight reduction method, and has
long-term survival benefit [48,49]. Not only bariatric surgery reduces
the cardiovascular and diabetes complications of obesity, but it also
improves fertility [50]. More than 70% of anovulatory women achieved
normal ovulatory cycles post bariatric surgery [51]. To note, although
more studies have been conducted on the adult population, bariatric
surgery was demonstrated to be effective in both adults and adolescents
women with PCOS [52-54].

Currently, there are no predictive guidelines of pre-surgical
psychological assessments for bariatric surgery in PCOS [55].
Nevertheless, similar to non-PCOS patients, obese women with
PCOS who plan to undergo bariatric surgery for weight reduction
are encouraged to also undergo neuropsychological assessment such
as detailed clinical interview, evaluations for objective mood and
brief cognitive function, reasoning for seeking surgery, and certain
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personality measurement tools such as the commonly used Minnesota
Multiphasic Personality Inventory-2-RF.

Types of bariatric surgery: The most commonly performed
bariatric procedures performed include adjustable gastric banding
(AGB), Roux-en-Y gastric bypass (RYGB) and vertical sleeve
gastrectomy (VSG). AGB utilizes a saline-filled silicon band that is
placed near the esophageal junction around the stomach. The RYGB
is a modification of the original gastric bypass first done by Mason
and Ito but has a different approach in order to reduce bile reflux. In,
VSG at least 80% of the stomach is removed. The effectiveness of each
of these methods varies among studies and populations under study.
However, AGB and RYGB are among the most widely used methods
nowadays [56]. Noteworthy, assisted robotic approach in gastric bypass
procedures are commonly used because of better visualization, reduced
morbidity, and improved accuracy and positioning. Detailed reviews
comparing these three methods in adolescents and adults are available
in reference list [53,56].

Bariatric surgery in adolescence: The rate of bariatric surgery in
the adolescent population has significantly increased in the last two
decades [57,58]. Eligibility criteria are not well defined but necessitates
that adolescents have a BMI above 40 Kg/m?. The American Academy
of Pediatrics provided the following guidelines for adolescents under
consideration for weight loss surgery: (1) patients should have failed 6
or more months of organized attempts at Weight management; (2) the
patient should have attained physiological or skeletal maturity which
usually occurs at age 13 years for girls and 15 years for boys; (3) patients
should be severely obese with BMI exceeding 40 Kg/m* with severe
obesity-related problems, or have a BMI > 50 Kg/m?* with lesser obesity-
related problems [59]. Further, adolescents are encouraged to abstain
from getting pregnant for 1 year after surgery. In a study comparing 716
adults and 24 adolescent patients who underwent gastric banding in the
US, there were no significant differences between the preoperative BMI,
operating room time, estimated blood losses and length of hospital stay
between the adult and the adolescent populations [60]. Among the
adolescent patients, the average excess weight loss ranged from 22%
to 42% at 3 and 36 months post follow-up, respectively [60]. Around
30% of patients had complications and included staple line leak, pouch
enlargement in adolescents (25%), hematomas and pneumonia [60,61].
The definite significance of early bariatric surgery for obese women
on overall survival is still under investigation. Nevertheless, bariatric
surgery in adolescence ameliorates diabetes, insulin resistance, sleep
apnea, obesity and dyslipidemia as discussed further below [54,57,62,
63]. Some work suggests that it is safer to conduct bariatric surgery in
adolescence than in adulthood [64].

Benefits of bariatric surgery in adolescents

Weight loss: Among the studies in the adolescent population, the
Pediatric Bariatric Study Group and other researchers demonstrated
the effectiveness of RYGB and AGB in weight reduction, and their
results are correlated with pre-operative BMI level [65-67]. Adolescents
undergoing bariatric surgery lose 50% of their weight [53]. AGB is
probably a better approach for weight loss in a 5-year follow-up analysis,
as well as in inducing remission of the metabolic syndrome [67,68].

Diabetes: Adult overweight and obese patients who have type 2
diabetes mellitus and underwent bariatric surgery have a significantly
better overall remission rates compared to those patients who follow
conventional, non-surgical weight loss regimens [11]. Fewer studies
have been conducted in the adolescent population to that end. RYGB
improved the diabetes profile (fasting insulin and fasting glucose) in

obese adolescents as early as 6 months post-surgery although many
patients were still obese [65,66,69]. The effectiveness of diabetes
reduction is influenced by the duration and severity of diabetes
preoperatively, and the age of individual at the time of surgery [70].

Cardiovascular disease risk reduction: Because bariatric surgery
in adolescents is relatively a recent procedure, only few studies have
been done to assess the cardiovascular disease outcome post-surgery.
However, it is apparent that bariatric surgery, mainly RYGB, improves
systolic and diastolic blood pressure, ameliorates hypertension,
enhances the lipid profile including reduction in total cholesterol and
increasing HDL, and reduces left ventricular mass [65,66,69,71].

Reproductive improvement: As discussed earlier, weight loss is the
first line of management for obese women who are infertile [57]. Not
only obesity increases the risk of infertility and PCOS, it poses significant
obstetrical risk including gestational diabetes and hypertension,
Caesarian delivery, and large for gestational age babies, among others.
Due to the physiological and psychological improvements, higher
pregnancy rates and fewer obstetrical complications were reported
following RYGB in obese adolescents females [57,63,69,72]. Young
women choosing to get pregnant after bariatric surgery will expect
improvement in both maternal health and fetal outcomes [72,73]. Yet,
systematic studies have not yet been conducted to study the maternal
and fetal outcomes of adolescents post bariatric surgery. It is still
controversial whether bariatric surgery increases Caesarian section
deliveries [73,74]. Also, it is possible that bariatric surgery may induce
nutritional deficiencies in pregnant women and increase the risk for
small for gestational age babies [73]. Adolescent females undergoing
bariatric surgery may have higher rates of unintended pregnancies
compared to the national average [72]. Hence, it is reasonable to offer
appropriate birth control measures for these patients to decrease
teen pregnancy. However, obesity may decrease the effectiveness of
hormonal contraceptives in women [75].

Bariatric surgery in PCOS management

Rationale for surgery: Because obesity in PCOS may be the culprit
in developing metabolic disorders, it is not surprising that surgical
approach for weight reduction in PCOS has been investigated in
several reports. However, an intervention per se may not be sufficient
to ameliorate the complications. What is also needed is an early
intervention. It was found that in both the US and UK, 13% of women
of childbearing age who undergo bariatric surgery has PCOS, and
subfertility is the main underlying reason for undergoing the procedure
[76,77]. Yet, studies that aim at assessing the efficacy of bariatric surgery
in obese PCOS women are scarce. Interestingly, obese rats with PCOS
have improved metabolic and reproductive outcomes after undergoing
bariatric surgery [78].

Bariatric surgery is efficacious in ameliorating complications
of obesity in PCOS women

One of the first studies assessing the surgical intervention
for weight reduction in PCOS women came from Eid et al. who
conducted a retrospective analysis on adult obese PCOS women
who underwent RYGB. The authors found significant improvement
in hirsutism, menstrual dysfunction and decreased rates of common
comorbidities such as diabetes, dyslipidemia and hypertension [79].
Further, 5 women in their study who were declared as infertile were
able to conceive spontaneously after the procedure [79]. A longitudinal
prospective non-randomized clinical study was conducted on 36 obese
women, 17 of which had PCOS, undergoing bariatric surgery. Eleven
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and 4 of the PCOS women underwent biliopancreatic diversion and
laparoscopic bypass, respectively [14]. All women with PCOS had
significant weight reduction (mean weight loss of 41 kg), decreased
hirsutism score, decreased levels of testosterone, androstenedione,
and dehydroepiandrosterone sulfate, and improved indexes of insulin
resistance [14]. These findings were translated clinically by achieving
normal menses and ovulatory cycles, and improvement of hypertension
and diabetes post-surgery [14]. These initial studies were also recently
reproduced by Stroh et al. in Germany and Gomez-Meade et al. in the
US [80,81]. While the study by Stroh et al., was conducted on 3 patients
with PCOS only, Gomez-Meade et al. took a retrospective approach to
identify 389 adult women with PCOS who underwent RYGB between
2001 and 2009. The conclusions were similar among all studies where
there was a significant reduction in BMI and metabolic profile in
adult obese patients who underwent PCOS. Much fewer studies were
conducted in the adolescent population.

Concluding Remarks

PCOS is the commonest endocrinological disorder in women of
childbearing age. Further, obesity is strongly associated with PCOS
and can significantly contribute to the metabolic disorders associated
with PCOS including the metabolic syndrome, anovulation, infertility,
dyslipidemia and hypertension. Hence, it is warranted to implement
stringent weight reduction methods for patients with PCOS as an
attempt to ameliorate complications. Further, since PCOS is a disease
that can manifest as early as in adolescent years, and since most of
the complications are better prevented at an earlier stage, weight
reduction methods in adolescence may provide better results. However,
conventional, non-surgical methods in weight reduction have limited
results. For PCOS patients who are unable to manage their weight with
conservative management and metabolic manifestations of PCOS are
exacerbated by obesity, bariatric surgery should be discussed. Bariatric
surgery is the most efficacious methods in managing morbid obesity in
adolescent and adult population and it also improves survival [60]. To
that end, it is warranted to attempt bariatric surgery in obese adolescents
with PCOS. In fact, recent evidence suggests that even moderately
overweight and non-morbidly obese women can benefit from bariatric
surgery [82]. Although guidelines for bariatric surgery in adolescent
women with PCOS are not established yet, results of bariatric surgery
in adolescents have been promising. Yet, bariatric surgery should be
the last possible solutions for weight reduction after multiple failed
attempts of conservative weight reduction methods. It is crucial to have
randomized clinical trials to assess the benefits and risks of bariatric
surgery in this population.
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