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ARTICLE INFO ABSTRACT
Keywords: Polycystic ovary syndrome (PCOS) has multiple etiologies including ovarian and adrenal hyperandrogenism,
Obesity neuro-endocrine and hypothalamic-pituitary dysfunction, and disorders of peripheral insulin resistance. Obesity
Polycystic ovary syndrome is neither necessary nor sufficient for the PCOS phenotype, and the association of PCOS with obesity is not univer-
Genetics sal, with national, cultural, and ethnic differences. Obesity, particularly visceral adiposity which is common in
Treatment obese and non-obese women with PCOS, amplifies and worsens all metabolic and reproductive outcomes in

PCOS. Obesity increases insulin resistance and compensatory hyperinsulinemia, which in turn increases adipo-
genesis and decreases lipolysis. Obesity sensitizes thecal cells to LH stimulation and amplifies functional ovarian
hyperandrogenism by upregulating ovarian androgen production. Obesity increases inflammatory adipokines
which, in turn, increase insulin resistance and adipogenesis. Lifestyle interventions focused on diet-weight loss
and concurrent exercise are central to therapy which also commonly subsequently needs to include pharmaco-
logic therapy. PCOS symptoms commonly improve with 5% to 10% weight loss, but 25% to 50% weight loss, usually
achievable only through bariatric surgery, may be required for morbid obesity unresponsive to lifestyle-medical
treatment. Bariatric surgery is a valuable approach to weight loss in PCOS where BMI is >40 kg/m? when non-
surgical treatment and/or induction of pregnancy have failed, and can be an initial treatment when BMI is
>50 kg/m?. Further research in PCOS is needed to better understand the fundamental basis of the disorder, to
ameliorate obesity, to correct hyperandrogenism, ovulation, hyperinsulinemia, and to optimize metabolic

homeostasis.
© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrine
disorder among women of reproductive age, with a prevalence estimate
of 6.6% 8% in black women, 4.8% in white women [1]. The prevalence of
PCOS (Rotterdam diagnostic criteria) in a meta-analysis of 15 studies
was 10% [2]. Approximately 50% of women with PCOS are overweight
or obese [3]. As summarized in Fig. 1, obesity is neither necessary nor
sufficient for the PCOS phenotype, and the association of obesity with
PCOS is not universal, with national, cultural, and ethnic differences
[4]. Women with PCOS often have visceral adiposity (when compared
to age and BMI-matched controls [5]). Excess weight in PCOS, particu-
larly in the presence of androgen excess [6], amplifies adverse metabolic
outcomes, doubles the likelihood of type 2 diabetes (T2DM) and the rel-
ative risk of T2DM increases 4 fold [7].

Obesity further augments the adverse metabolic and reproductive
outcomes of PCOS [8], Fig. 1. Obesity increases insulin resistance and com-
pensatory hyperinsulinemia, which in turn increases adipogenesis and
decreases lipolysis. Obesity sensitizes thecal cells to LH stimulation and
amplifies functional ovarian hyperandrogenism by upregulating ovarian
androgen production. Obesity increases inflammatory adipokines
which, in turn, then promote hyperinsulinemia, which increases obesity,
providing a vicious feedback cycle, Fig. 1. Obesity increases insulin resis-
tance and compensatory hyperinsulinemia, glucose intolerance, dyslipid-
emia, and increases risk of pregnancy complications [8].

Obese women with PCOS have a more severe phenotype than those
less obese, with more severe menstrual irregularity, infertility, miscar-
riage, pregnancy induced hypertension, gestational diabetes, prematu-
rity, biochemical and clinical hyperandrogenism, glucose intolerance
and/or T2DM, and metabolic syndrome [9-11].

‘ Obesity (especially visceral obesity) in polycystic ovary syndrome ‘
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Fig. 1. Obesity, particularly visceral, in PCOS.
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1.1. Visceral Adiposity

Women with PCOS are not only more likely to be obese than non-
PCOS female controls, but are much more likely to have visceral adiposity
and high visceral adiposity indices, associated closely with insulin resis-
tance [5]. Enhanced visceral fat lipolysis of PCOS promotes hepatic insulin
resistance by lipotoxicity of excess free fatty acids released into the portal
circulation [12]. PCOS patients, whether obese or nonobese, have greater
visceral adiposity than age- and BMI-matched controls [13].Testosterone
promotes visceral fat accumulation and insulin resistance by inhibiting li-
polysis and promoting lipogenesis [14]. Visceral adiposity index (VAI)
levels are much higher in both obese and non-obese PCOS patients than
in age- and BMI-matched controls [5]. Jena et al. [13] studied 58
women with newly diagnosed PCOS and 40 age- and BMI-matched con-
trols, finding higher visceral abdominal fat thickness in cases vs controls
(p = .003). Moreover, despite having normal BMI, non-obese women
with PCOS had increased visceral adiposity and higher inflammatory
markers vs matched nonobese controls. Cascella et al. [15] compared
200 overweight women with PCOS and 100 age-BMI matched controls,
reporting increased visceral fat in cases (p <.001), directly related to in-
sulin resistance, and to carotid intimal-media thickness. Tripathy et al.
[16] compared 124 women with PCOS to 118 age-BMI-matched controls,
reporting increased visceral fat and a strong association of visceral fat
with carotid intimal medial thickness. Overall, screening for visceral adi-
pose tissue appears to provide valuable information beyond other mea-
sures for obesity and for risk for the metabolic and cardiovascular
complications of PCOS ([5,13,15,16].

1.2. Factors Promoting and Associated with Obesity in PCOS

There are many factors which are markers for PCOS and/or promote
obesity in PCOS, Fig. 2. These include the following: small for gestational
age (promoting insulin resistance and hyperinsulinemia) [17,18], large
for gestational age [19], maternal PCOS [17,20], and intrauterine
hyperandrogenism [20,21]. Precocious pubarche [18], associated with
obesity in PCOS and also associated with small for gestational age, ap-
pears to be related to insulin resistance and hyperinsulinemia. Addi-
tional factors which promote obesity in this pathology included early
(<age 10) and late (216) menarche [22] (increased insulin resistance
and hyperinsulinemia), adolescent oligomenorrhea [23], and aboriginal
origin with subsequent western diet and accretion of obesity and
hyperinsulinemia [24]. The PCOS phenotype can be induced in other-
wise normal subjects by valproic acid [25], apparently through induc-
tion of hyperinsulinemia.

1.3. PCOS Etiologies

The most likely etiology of PCOS is functional ovarian
hyperandrogenism caused by dysregulation of steroidogenesis that sen-
sitizes ovarian androgen production to LH, present in 90% of cases [14]

Fig. 1. Insulin resistance (IR) and compensatory hyperinsulinemia play
a central role in the pathogenesis of the pituitary-ovarian axis [26-29].

Neuroendocrine abnormalities appear to play an important role in
PCOS pathophysiology with an increase in frequency of GnRH pulses,
with shorter pulses promoting luteinizing hormone (LH), resulting in a
decrease in FSH [26,30-34]. In a mouse model, Caldwell et al. [32] re-
ported that androgen receptor signaling was an important extra-ovarian
mediator in development of PCOS traits. In a rat model, Chaudhari et al.
[30] reported that increased GnRH and LH pulsatility in PCOS appeared
to result from the “cumulative effect of altered GnRH stimulatory and in-
hibitory neurotransmitters in the hypothalamic-pituitary centre”. Moore
and Campbell [31] concluded that the brain played an important role in
the ontogeny and pathology of PCOS.

Obesity is the most common cause of insulin resistance, and the
global pandemic of obesity [35] promotes PCOS diagnosis and recogni-
tion. Obesity increases insulin resistance and generates testosterone
from circulating androstenedione while suppressing gonadotropin pro-
duction [14]. Obesity-associated compensatory hyperinsulinemia as a
response to insulin resistance is associated with anovulation of PCOS
[14]. Sufficient weight loss to reduce insulin sensitivity improves ovula-
tion in PCOS [36,37].

Testosterone promotes visceral fat accumulation and insulin resis-
tance by inhibiting lipolysis and promoting lipogenesis [14]. Abdominal
adipocyte hypertrophy triggers an inflammatory response which is ag-
gravated in PCOS by hyperandrogenism [38], priming mononuclear
cells of adipose tissue to secrete proinflammatory cytokines in response
to glucose and saturated fat ingestion [39]. Obesity is associated with
suppressed ovulation and high LH levels [40]. Obesity by itself can ac-
count for excess peripheral formulation of testosterone independent
of PCOS [41].

Given insulin resistance, all women with PCOS are at risk for meta-
bolic syndrome, amplified by obesity, for impaired glucose tolerance
(31-35%), and for T2DM [27]. Insulin resistant hyperinsulinism is an im-
portant aggravating factor in PCOS, and about 50% of PCOS women have
an abnormal degree of insulin resistance, which may be independent of
obesity. Obesity-associated compensatory hyperinsulinemia sensitizes
ovarian theca cells to LH stimulation. Insulin excess, by stimulating ad-
ipogenesis and lipogenesis and inhibiting lipolysis, contributing to the
obesity of PCOS. Obesity upregulates ovarian androgen production via
insulin resistant compensatory hyperinsulinemia and by increasing in-
flammatory cytokines [14].

Cassar et al. carried out meta-analysis focusing on 28 articles on obe-
sity, insulin resistance, and PCOS. Insulin sensitivity was 27% lower in
PCOS than controls, and higher BMI exacerbated reduction in insulin re-
sistance by 15%. BMI has greater impact on insulin sensitivity in PCOS
than in controls [42]. Insulin resistance was also emphasized by Lim
et al. [43] in a systematic review and meta-analysis of 30 studies of
the metabolic consequences of obesity in PCOS. Overweight or obese
women with PCOS (vs non-overweight PCOS women), had decreased
sex hormone binding globulin (SHBG), increased testosterone (T), in-
creased free androgen index (FAI), more hirsutism, higher fasting

‘ Small for gestational age ‘ —

‘ Large for gestational age ‘ —_

‘ Maternal PCOS

‘

Factors
promoting, or
associated with,
obesity in PCOS

4—‘ Early (< 10) or late (=16) menarche ‘
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4—‘ Valproic acid ‘

‘Intrauterine hyperandrogenism ‘ el

‘ Precocious pubarche ‘

\‘ Aboriginal origin-Western diet ‘

‘ Inflammatory adipokines ‘

Fig. 2. Factors associated with and/or promoting development and severity of PCOS; small for gestational age [17,18], large for gestational age [19]; maternal PCOS [17,20]; intrauterine
hyperandrogenism [20,21]; precocious pubarche [18]; menarche early, age (<10), late (>16) [22]; adolescent oligomenorrhea [23]; valproic acid [25,176,177]; aboriginal origin-western

diet [24]; inflammatory adipokines [178].
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glucose, and increased insulin resistance (IR). Obesity significantly
worsened all metabolic and reproductive outcomes measured when
compared to normal weight women with PCOS. Central obesity was as-
sociated with higher serum insulin levels [43].

Women with PCOS, both obese and non-obese, have an increased
risk of cardiovascular disease (CVD), related to insulin resistance,
T2DM, and metabolic syndrome [44]. In a Danish national registry
study, Glintborg et al. [44] reported that the total CVD event rate was
22.6 per 1000 patient years in PCOS vs 13.2 per 1000 patient years in
controls (p <.001). In the Nurses' health study, presence of very irregu-
lar menses, a surrogate for PCOS, was associated with a relative risk of
1.35 for non-fatal myocardial infarction (MI) and 1.88 for fatal MI [45].
In the Rancho Bernardo study, the relative risk for CVD in women
with 3 or more components of PCOS was 1.3 [46].

2. Heritability of PCOS and Related Obesity

Currently, PCOS is thought to be a complex polygenic trait, with
marked familial clustering of PCOS characteristics [47]. Heritability of
PCOS, as assessed through monozygotic twin studies, may be as high as
70% [48]. Studies assessing single nucleotide polymorphisms (SNPS)
have, overall, been inconclusive [49]. Genome wide (GWAS) studies of
Chinese and European cohorts have identified 15 significant PCOS risk
loci, but these loci have accounted for only a small percentage (<10%)
of heritability [49-52].

Genetic studies of possible associations with PCOS and/or with obe-
sity are summarized below, with the caveat that results differ by coun-
try of national origin and race, and, to date, have not provided new
avenues to diagnosis or therapy. A broad and varied array of polymor-
phisms has been recognized without a single polymorphism or group
of closely related polymorphisms uniformly accounting for major char-
acteristics of PCOS.

2.1. Meta-analysis of Genetic Studies of PCOS

Meta-analyses of genetic studies have identified differing polymor-
phisms including DENND1A Rs10818854 and rs10986105, and signifi-
cant associations between rs2479106 in Asian PCOS patients but not
European [53]. In meta-analysis by Liu et al. [54], a different set of poly-
morphisms was identified, with the FTO gene rs9939609 A/T polymor-
phism differing between PCOS and controls. The A allele was a risk
factor for PCOS susceptibility and was significantly associated with
PCOS [54].

2.2. Individual Genetic Studies of PCOS

PCOS clusters in families, brothers, and sisters of probands with PCOS,
and two genome wide association surveys have revealed insulin candi-
date genes related to insulin signaling, sex hormone function, and
T2DM [50,51]. Two candidate genes were identified, THADA associated
with T2DM, and DENND1A with endocytic trafficking in Caucasian pop-
ulations [55,56]. Similarly, in a GWAS study by Cui et al. [57], DENND1A
(rs2479106) was associated with elevated serum insulin 2 h after a glu-
cose load (p = .02). DENND1A polymorphisms have also been associated
in GWAS studies by Chen et al. [58] (rs346803513 on DENND1A). Addi-
tional studies have also focused on DENND1A variants; Dallel et al. [59]
reported two DENND1A variants (rs10818854, rs 10986105) in 320
women with PCOS and 446 age and ethnically matched controls. Homo-
zygous wild type genotype carriers of rs 10818854 and 10986105 were
associated with increased risk for PCOS after controlling for covariates.
Using GAT haplotypes as reference, AAG and GAG were positively,
while GAT was negatively associated with PCOS.

Beyond DENND1A polymorphisms (as above), a broad variety of
polymorphisms have been reported without uniform recognition of a
single polymorphism or set of polymorphisms. An association between
programmed cell death 4 (PDCD4) has been reported with the level of

PDCD4 independently associated with odds of PCOS risk after control-
ling for E2 and insulin [60]. In GWAS studies in Koreans, Hwang et al.
[61] found significant associations between GYS2 and BMI, and these
findings were then later replicated in an obesity study in 482 children,
and in 1710 women with gestational diabetes. The newly identified
GYS2 was implicated as a gene as predisposing factor of PCOS.

In studies of a variant which predisposes to obesity and to increased
susceptibility to PCOS via adiposity, Barber et al. [62] found significant
associations between FTO genotypes and PCOS status, attenuated by
adjustment for BMI. The effect of FTO polymorphisms on obesity related
traits in PCOS were two times greater than the effect in large
population-based studies as reported by Wojciechowski et al. [63].
There was a 3.3 kg/m? increase in BMI, and a 9.6 kg gain in body weight
between TT and AA/CC homozygotes [63].

Hopefully, future GWAS and candidate gene studies will be able to
more uniformly explain a larger percentage of variance in PCOS charac-
teristics, thus opening up avenues to drug development.

3. Lifestyle Modification in PCOS

Multicomponent lifestyle intervention (diet, exercise, behavioral
modification) is important in obese PCOS patients with a goal of >5%
weight loss [64]. Overall, the older and more obese women are at the
start of multicomponent therapy, the less the weight loss. There is no sys-
tematic data to indicate whether multicomponent lifestyle intervention
has differential effects on visceral adiposity vs general adiposity, and
whether anaerobic exercise is superior to aerobic for weight loss. A mod-
est weight loss of 5-10% improves many of the features of PCOS
[28,65,66]. From the data of Crosignani et al. [67], 25% of obese women
with PCOS will not reach targeted weight loss of 5% of more with caloric
restriction and exercise, and would be candidates for added pharmaco-
logic therapy. Using caloric restriction (1200 cal/day) and aerobic exercise
for 40 weeks in 33 anovulatory overweight patients with PCOS,
Crosignani et al. [67] reported that 75% lost 5% body weight, and 33%
> 10%. Among 27 patients with oligo-amenorrhea, 67% had resumption
of normal cycles, and 56% experienced spontaneous ovulation. Of the 25
patients with >5% weight loss, 40% had spontaneous pregnancies. Review
of 12 months nonsurgical weight loss interventions summarizes the
broad variations in the percentage of women achieving >5% weight loss
with multicomponent lifestyle intervention [68], who then may subse-
quently need added pharmacologic intervention. Moreover, in women
with a BMI 240 where lifestyle plus pharmacologic therapy has failed,
and in those with a BMI 50 kg/m?, bariatric surgery needs to be consid-
ered as an additional therapeutic option [69].

In face of the major amplifications of the metabolic and clinical abnor-
malities associated with obesity in women with PCOS, it is important to
understand the efficacy of diet and lifestyle modification in reducing obe-
sity in PCOS, as well as efficacy and side effects of pharmacologic and bar-
iatric surgery approaches to treatment. An initial intervention of choice in
PCOS involves lifestyle intervention with diet plus exercise plus behav-
ioral programs, but there are few treatments, short of bariatric surgery,
which result in permanent weight loss. Symptoms of PCOS may improve
with 5-10% weight loss, but 25-50% weight loss (usually achievable only
through bariatric surgery) may be required in the very obese [36,70].

In anovulatory women, >5% loss of body weight facilitates for re-
sumption of ovulation [71-74]. In women with PCOS undergoing
weight loss programs, loss of abdominal fat is associated with resump-
tion of ovulation [73,74]. Conservative, non-operative weight loss ef-
forts are difficult to sustain long term, and are associated with high
rates of weight regain [75] or loss of improvement in endocrine function
[76-78].

3.1. Systematic Review-Meta Analysis of Lifestyle Interventions

Lifestyle interventions in PCOS were examined by Moran et al. [79]
including randomized controlled trials comparing lifestyle treatment
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(diet, exercise, behavioral or combined treatments) to minimal or no
treatment in women with PCOS. Three studies compared physical activ-
ity to minimal dietary and behavioral advice or no advice, and 3 com-
pared combined dietary, exercise and behavioral interventions to
minimal intervention. Moran et al. concluded that “...lifestyle interven-
tion improves body composition, clinical and biochemical manifesta-
tions of hyperandrogenism and insulin resistance in women with
PCOS.” The benefit of lifestyle interventions to facilitate weight loss in
obese women with and without PCOS were also examined by Kataoka
et al. in a systemic review [80] which included 14 studies involving
933 women. Women with and without PCOS sustained comparable
weight loss with lifestyle intervention. Domencq et al. [81] carried out
a systematic review and meta-analysis of 9 lifestyle modification trials
in women with PCOS, revealing significant decrements in insulin and
glucose, with metformin having similar effects. Cumulative ovulation
rates were 60% with lifestyle modification, and live birth rates were
26% [81].

3.2. Individual Studies of Lifestyle Intervention

Pelletier et al. [82] retrospectively studied 117 women with PCOS,
with mean BMI of 38.7 and mean age of 28.5, followed for median of
21.9 months. More than 40% of women lost >5% of initial weight after
>6 months follow up, and >20% lost >10% after 1-year follow-up. These
outcomes were retained for >4 years. Having T2DM or impaired glucose
tolerance was associated with better weight loss sustainability. Tolino
et al. also reported positive results from dietary weight loss intervention
[83]. In 143 patients with PCOS and mean baseline BMI of 35, a
1000 kcal/day diet for 7 months resulted in a mean weight loss of 6 kg
and improvement in markers of insulin resistance. Circulating androgens
were reduced, with improvement in hirsutism, menses, and increased
conception rate [83]. Moderate caloric restriction with loss of 2% to 5%
of body weight has also been reported to reduce free testosterone, and
to increase likelihood of regular cycles 50% [84]. In a study by Guzick
et al. [71], 24 obese women with PCOS were maintained on a 1000 cal
low fat diet for 6-7 months. Thirteen of the 24 lost >5% of body weight,
and of these women, more than half had normalization of ovarian func-
tion. When given a very low calorie (600 kcal/day) commercial prepara-
tion for 12 weeks in a retrospective study by Nikokavoura et al. in 508
women with PCOS and 508 age-BMI-matched women without PCOS
(entry BMI >28), women with PCOS lost 17.1 + 5.6% of body weight
and those without PCOS 18.2 4 4.4% [85].

In aggregate, as summarized above, lifestyle modification is a key in-
tervention in obese women with PCOS, resulting in weight loss and con-
current reduction of insulin resistance, circulating androgens, with
improvement in menses and hirsutism. However, in a small group of
women, lifestyle interventions along with subsequent pharmacologic
therapy may not be enough, either because of the degree of obesity, or
because there is no adherence to classical treatment. Therefore, the al-
ternative that could be offered is bariatric surgery that has been
shown to effectively optimize weight loss, reduce visceral adiposity, re-
duce insulin, circulating androgens, and inflammatory markers, to im-
prove hirsutism and menstrual regularity, and to facilitate successful
pregnancy [70,86-91] (Fig. 3).

3.2.1. Maintaining Lifestyle Modification Before and During Pregnancy in
PCOS

Lifestyle modification to improve pregnancy outcomes appears to be
particularly important pre-conception in women with PCOS and pre-
conception obesity [92]. Legro et al. [92] carried out a randomized con-
trolled trial of preconception and infertility treatment. Women were ran-
domly assigned to receive either 16 weeks of 1) continuous oral
contraceptive pills (OCPs) (ethinyl estradiol 20 pg/1 mg norethindrone
acetate); 2) lifestyle modification including caloric restriction with meal
replacements, weight loss medication (either sibutramine, or orlistat),
and increased physical activity to promote a 7% weight loss (“Lifestyle”);

Weight loss in PCOS

Lifestyle intervention: Diet-Weight
Loss-Exercise central to therapy

Pharmacologic intervention often needed

Bariatric surgery if lifestyle and
pharmacologic intervention are not
successful

Fig. 3. Sequential treatment options in PCOS.

or 3) combined treatment with both OCP and lifestyle modification
(“Combined”). After preconception intervention, women underwent
standardized ovulation induction with clomiphene citrate and timed in-
tercourse for four cycles. Significant weight loss was achieved with both
Lifestyle (mean weight loss, —6.2% and combined (mean weight loss,
—6.4%) compared with baseline and OCP (both p <.001). Cumulative
ovulation rates were superior after weight loss: OCP, 46%; Lifestyle, 60%,
and Combined, 67% (p < .05). Preconception weight loss intervention
eliminated adverse metabolic OCP effects and, compared with OCP pre-
treatment, led to higher ovulation rates [92]. Legro et al. [93] also reported
improved ovulation and live births with delayed infertility treatment with
clomiphene citrate when preceded by lifestyle modification with weight
loss compared with immediate clomiphene treatment. Palomba et al.
studied 40 obese PCOS patients with anovulatory infertility who followed
a structured exercise and diet program (20 in each group). The frequency
of menses of ovulation rate was higher in the structured exercise group
but the increased cumulative pregnancy rate was not different [94].
Palomba et al. also reported that a 6-week intervention of structured ex-
ercise training and a hypocaloric diet was effective in increasing the prob-
ability of ovulation under clomiphene citrate treatment, p = .008 [95].
Weight reduction was also important when IVF was employed in
women with PCOS: Einarsson et al. [29] evaluated 317 women where
weight reduction and IVF and IVF alone were compared. There were
more live births achieved through spontaneous pregnancies in the weight
reduction and IVF group vs IVF alone 10.5% vs 2.6%, p = .009 [29].

4. Type of Diet

Irrespective of caloric restriction, an issue which has been repeti-
tively examined is whether there is an optimal type of diet irrespective
of caloric restriction in women with PCOS. Although various studies
summarized below have suggested unique benefits from the type of
diet, irrespective of caloric restriction, overall there is no uniform evi-
dence that any unique type of diet optimizes weight loss or reproduc-
tive or metabolic changes in women with PCOS [66,68,96,97]. In obese
women with PCOS any type of tolerable hypocaloric diet which can be
maintained long-term should be used.

4.1. Individual Studies of Effects of Type of Diet in PCOS

Azadi-Yazdi et al. [98] carried out a randomized 3 months controlled
clinical trial, where 60 women with PCOS were randomly assigned to
one of two diets with energy restriction: the DASH diet and a control
diet. The DASH and control diets consisted of 50-55% carbohydrate,
15-20% protein and 25-30% total fat. The DASH diet was designed to
be rich in vegetables, fruits, whole grains and low-fat dairy products,
as well as low in saturated fats, cholesterol, refined grains and sweets.
The DASH diet compared to the control diet was associated with a
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significant reduction in weight [ —5.78 kg versus —4.34 kg, p = .032],
BMI [—2.29 versus —1.69 kg/m?, p = .02], fat mass [—3.23 versus
—2.13 kg, p = .008] and serum androstenedione [—1.75 versus
—1.02 ng/ mL, p = .019]. Mehrabani et al. [99] gave two diets to 60
obese women with PCOS, one a conventional hypocaloric diet with
15% of calories from protein, and the second, high protein, low glycemic
index diet (30% of calories from protein. Weight loss did not differ be-
tween the two diets, but the higher protein diet was more effective in
regarding insulin sensitivity and decrements in high sensitivity CRP.
Moran et al. [100] gave a hypocaloric 1435 cal diet for 12 weeks, with
4 subsequent weeks of weight maintenance, either low protein (55%
carb, 15% protein) or high protein (45% carb, 30% protein) to women
with PCOS. Decrements in weight (7.5%) and abdominal fat (12.5%) oc-
curred independently of diet composition. Moran et al. concluded that
the high protein-weight loss diet might result in minor differential en-
docrine and metabolic improvements. Marsh et al. [101] compared
changes in insulin sensitivity and clinical outcomes after similar weight
losses after consumption of a low-glycemic index (GI) diet compared
with a conventional healthy diet in 96 women with PCOS. Overweight
and obese premenopausal women with PCOS were given either an ad
libitum low-GI diet or a macronutrient-matched healthy diet and
were followed for 12 months or until they achieved a 7% weight loss.
The attrition rate was high in both groups (49%). Among completers,
measures of insulin sensitivity after oral glucose tolerance testing im-
proved more with the low-GI diet than with the conventional healthy
diet. There was a significant diet-metformin interaction (p = .048),
with greater improvement in insulin sensitivity among women pre-
scribed both metformin and the low-GI diet.

5. Diet-Exercise

5.1. Systematic Review and Meta-Analysis of Diet Combined with Exercise
in PCOS

Meta-analysis of lifestyle modification in PCOS reveals benefits on
body composition, hyperandrogenism, and insulin resistance in
women with PCOS [79]. Moran et al. [79] carried out meta-analysis
with 6 studies with 164 women with PCOS. Three studies compared
physical activity to minimal dietary and behavioral advice or no advice.
Three studies compared combined dietary, exercise and behavioral in-
terventions to minimal intervention. Lifestyle intervention provided
benefits when compared to minimal treatment for anthropometric
and reproductive outcomes. Benefits included reductions in testoster-
one, hirsutism, weight, waist circumference, and fasting serum insulin.

5.2. Individual Studies of Diet Combined with Exercise in PCOS

BMI and age of women with PCOS affects outcome of diet- aerobic and
anaerobic exercise programs, with less weight loss associated with higher
entry BMI and/or age. Structured exercise, when added to dietary caloric
restriction, improves ovulation [94], glucose tolerance [102], resumption
of ovulation [103], weight loss [104], and reduction in skinfold thickness
[105]. Diet plus exercise interventions are often hard to maintain, as re-
ported by Thomson et al. [106] who randomized 104 overweight PCOS
patients into one of three 20-week lifestyle programs: diet only, diet +
aerobic exercise, diet + combined aerobic-resistance exercise. There
were no differences in outcomes (BMI, body weight) for the 3 groups
[106]. Only 55% of the participants completed the study. Redman et al.
[107] have reported that aerobic exercise for 16 weeks without weight
loss improved insulin sensitivity and ovarian morphology in women
with PCOS.

Any intervention which reduces excess weight can improve many of
the metabolic abnormalities of obese women with PCOS, and lifestyle
interventions which focus on diet-weight loss and exercise are very im-
portant [66,108]. The addition of exercise to dietary caloric restriction
facilitates weight loss [109].

6. Drug Therapy to Reduce Obesity in Women with PCOS

Table 1 provides an overview of commonly used pharmacologic ap-
proaches to reduce obesity in women with PCOS. Weight loss effective-
ness is graded on a relative scale of 1 (least) to 10 (most), based in
part on network meta-analysis which has identified, in decreasing
weight loss effectiveness, liraglutide, orlistat, and metformin [110].
Phentermine and sibutramine are FDA approved drugs for reduction
of obesity in general populations, and sibutramine along with lifestyle
modification-diet has been reported to facilitate weight reduction in
PCOS patients beyond diet-placebo [111,112]. Teede et al. [64] have
concluded “... anti-obesity medications in addition to lifestyle could
be considered for the management of obesity in adults with PCOS
after lifestyle intervention, as per general population recommenda-
tions.” However, sibutramine has potential for increasing blood pres-
sure [113], and given limited published data in women with PCOS for
weight reduction drugs approved for obesity treatment in general
obese populations, and limited published data on D-chiro-inositol in
PCOS cohorts, these agents are not included in Table 1.

6.1. Metformin

6.1.1. Systematic Review and Meta-analysis of Metformin Effect in PCOS

In adults, recently published meta-analyses by Teede et al. [64] have
provided the following information: In 3 randomized controlled studies
in women with PCOS and BMI >25 kg/m?, metformin was better than
placebo for weight loss, and better for BMI reduction when 11 random-
ized controlled trials in women with BMI >25 kg/m? were subgrouped.
Similarly, metformin and lifestyle modification compared to placebo-
lifestyle modification lowered BMI (—0.73 kg/m?) and reduced subcu-
taneous adipose tissue (—92.5 cm) after 6 months in a systematic re-
view and meta-analysis by Nanderpoor et al. of 12 randomized
controlled clinical [114]. There was also an increase in the number of
menstrual cycles. There were no differences between metformin alone
vs lifestyle alone. Similar results were reported by Nieuwenhuis-
Ruifrok et al. [115] in a systematic review and meta-analysis where
there was a significant decrease in BMI vs placebo (—0.68 kg/m?),
greater with high dose metformin >1500 u/day, and greater with longer
duration of therapy. Moreover, the negative effect of combined oral con-
traceptives on BMI is blunted by concurrent metformin as reported in a
meta-analysis by Luque-Ramirez et al. [116]. They focused on metfor-
min, antiandrogens (AA) and combined oral contraceptives (COC) in-
cluding 33 studies and 1521 women with PCOS. ...” Differences
between COC, AA, and metformin effects on the hirsutism score were
not significant and the combination of COC and/or AA with metformin
was similar to COC and/or AA therapy alone for the hirsutism score.
The negative effect of COC therapy on BMI was blunted by its combina-
tion with metformin. Metformin also reduced HOMA-IR, compared to
COC and/or AA. Adding metformin to COC and/or AA yielded a beneficial
effect on fasting glucose levels. Although COC improves menstrual fre-
quency in oligomenorrheic women with PCOS, metformin is needed
to blunt the adverse metabolic effects on COC. “.

6.1.2. Individual Studies of Metformin Effect in PCOS

Metformin lowers serum insulin and androgen levels and promotes
resolution of cyclicity abnormalities inducing ovulation by normalizing
pulsatile production of GNRH and gonadotropins [117]. Metformin
also improves hyperandrogenemia even in non-obese women with
PCOS who appear to have normal metabolic insulin sensitivity. Whether
it is the correction of abnormal insulin action or reduction of levels is un-
clear [118]. In obese women with PCOS, when accompanied by diet,
metformin usually facilitates weight loss, and concurrently, with re-
duces serum androgens, increases ovulation, and improves menstrual
frequency [64,119], Table 1. in additional to lifestyle change, metformin
should be considered in adolescents with a definitive diagnosis of PCOS
or with characteristics of PCOS before the diagnosis is made to attempt
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Table 1
Pharmacologic [64,179] approaches to weight loss in polycystic ovary syndrome.

Drugs used in treatment of polycystic ovary syndrome in adjunct with lifestyle intervention to achieve weight loss

Weight loss effectiveness scale® (qualitative: 1 lowest-10 optimal best)
Metformin

» Mode of action: decreases hepatic glucose production, decreases intestinal absorption of glucose, improves insulin sensitivity by increasing peripheral glucose uptake and utilization
«Dose: 1.5-2.55 g/day, 1-2 g/day if XR, in divided doses with meals. Dose-response present, start with lowest dose

« Use in pregnancy: Increases live births, not teratogenic, reduces gestational diabetes

« Contraindications: creatinine clearance <40 mL/min

« Use with caution: creatinine clearance <60 mL/min moderate-severe heart failure, acute myocardial infarction, before major surgery

« Rare side effects: intractable nausea, gastritis, vomiting
« Common side effects: nausea, vomiting, diarrhea
« Weight loss effectiveness: 5, (8 when combined with Liraglutide)

Liraglutide

» Mode of action: long-acting glucagon-like peptide-1 receptor agonist, binding to the same receptors as does endogenous GLP-1, stimulates insulin secretion, central appetite

suppression.

« Dose: 1.2-1.8 pug/once/day subcutaneously, dose response present. 3 mg/ once per day (Saxenda). Start with lowest dose.

« Use in pregnancy: not recommended

« Contraindications: History of medullary thyroid carcinoma, multiple endocrine neoplasia syndrome type 2, acute or chromic pancreatitis, gastroparesis.

« Use with caution: previous pancreatitis

« Rare side effects: intractable recurrent nausea, vomiting

« Common side effects: nausea, vomiting, headache

« Weight loss effectiveness: 7, (8 when combined with Metformin)

Thiazolidinediones
» Mode of action: PPAR-gamma agonists, reduce insulin resistance

« Dose: Pioglitazone (45 mg, up to 15 mg, three times/day with meals); Rosiglitazone (4-8 mg/day, divided doses with meals). Start with lowest dose.

« Use in pregnancy: not recommended

« Contraindications: congestive heart failure, peripheral edema

« Use with caution: safety during pregnancy not well understood
« Rare side effects: bladder cancer, bone fracture in women

« Common side effects: peripheral edema

« Weight loss effectiveness: 0-1, weight gain possible

Orlistat

» Mode of action: Reduces fat absorption. Inhibits gastric and pancreatic lipases, blocks hydrolysis of dietary triglycerides to absorbable fatty acids, triglycerides excreted unchanged.
« Dose: 120 mg up to 3 times/day with meals, restrict dietary fat to <30% of calories, add fat-soluble vitamin daily

« Use in pregnancy: contraindicated (fat soluble vitamin malabsorption)

« Contraindications: acute or chronic cholecystitis, obstructive bowel disease.

« Use with caution: pancreatic or liver disease

« Rare side effects: Oxaluria, kidney stones

« Common side effects: flatulence, steatorrhea, diarrhea, increased stool frequency.
» Weight loss effectiveness: 5

Acarbose

» Mode of action: Delayed glucose absorption with lowering of postprandial hyperglycemia, competitive-reversible inhibition of pancreatic alpha-amylase and

membrane-bound intestinal alpha-glucoside hydrolase enzymes.

« Dose: 50 mg every 8 h if <60 kg; 100 mg every 8 h if >60 kg, take with first bite of meal

« Use in pregnancy: not recommended

- Contraindications: Reduced renal function (eGFR <25 mL/min/1.73 m?). Inflammatory bowel disease, colonic ulceration, partial intestinal obstruction, predisposition to intestinal

obstruction.

- Use with caution: eGFR <50 mL/min/1.73 m?, previous small or large bowel partial resection

« Common side effects: Abdominal pain, diarrhea, flatulence
» Weight loss effectiveness: 5

¢ By network meta-analysis [110] including 23 trials with 941 women with PCOS, amount of weight loss in descending order was liraglutide, orlistat and Metformin.

to ameliorate obesity and to prevent development of morbid obesity in
young adulthood [64].

Multiple individual studies have shown that when metformin is
added to diet in women with PCOS, there is significant weight loss
(often ~8%), reduction in the waist to hip ratio, reduction of insulin re-
sistance and serum testosterone, and (usually) improvement in men-
strual cyclicity [77,118,120-122]. Metformin therapy also has a role in
women with PCOS who have normal weight and normal HOMA IR,
where up to 75% have restoration of normal menses in absence of mod-
ification of BMI, waist to hip ratio, or glucose, insulin, or lipid profiles
[123].

In contrast to estrogen-progestin oral contraceptives, Metformin is
anti-thrombotic, promoting fibrinolysis. In a 1997 study by Velazquez
et al. [124], in 16 nondiabetic women with PCOS before and after
8 weeks on metformin (1.5 g/day), metformin reduced the levels of
the major inhibitor of fibrinolysis, antigenic plasminogen activator in-
hibitor type 1, and BMI decreased 1.3%. Metformin may be favored
over combined oral contraceptives (COC) in PCOS due to increased
thrombotic risk with COC vs metformin [125]. Burchall et al. [125]

studied 60 overweight women with PCOS (mean age 34 years, mean
BMI 37 kg/m?) who were randomized to either metformin, higher-
dose oral COC or low-dose COC + spironolactone. Aberrant coagulation
was noted in both COC groups, but not with metformin.

Overall, metformin has been one of the initial drugs added to multi-
component lifestyle therapy in PCOS to facilitate weight loss and for its
metabolic benefits in reducing insulin resistance. Combination of met-
formin with liraglutide (as below) has been particularly effective in fa-
cilitating weight loss.

6.2. Liraglutide

There is increasing evidence for effectiveness of liraglutide in treat-
ment of obesity in PCOS, particularly when given in conjunction with
metformin and lifestyle intervention and it appears to have the greatest
weight loss potential [110] of the drugs listed in Table 1. However, genetic
variability in the GLP-1 receptor is associated with inter-individual differ-
ences in the weight loss potential of liraglutide [126].
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6.2.1. Meta-Analysis of Liraglutide Therapy in PCOS

Niafar et al. [127] performed a meta-analysis for 7 randomized clin-
ical trials of liraglutide in PCOS for at least 90 days, including 178
women, and 172 post treatment measures. BMI dropped 1.65 kg/m?
after 3 months, without change in waist circumference, fasting insulin,
HOMA IR, or SHBG. Serum testosterone fell by 0.29 nmol/L in 88
women, p = .00003.

6.2.2. Individual Studies of Liraglutide Therapy in PCOS

Multiple individual studies have reported that liraglutide therapy
usually reduces weight by 5% or more, reduces visceral adiposity, and
serum testosterone [128-133]. Jensterle et al. [133] compared
12 weeks therapy with liraglutide 1.2 mg/day vs metformin 2 g/day
for 12 weeks in 32 obese women with BMI 39.5 kg/m?. There were sig-
nificant decrements in BMI, waist circumference, and whole-body fat
mass, without differences between liraglutide and metformin. How-
ever, in the subgroup with HOMA IR >2, severe obesity, and higher
odds ratio for metabolic syndrome, BMI fell more on Liraglutide, 2.13
vs 0.62 kg/m?.

Liraglutide is particularly effective for weight loss when combined
with metformin [134,135]. Pre-conception liraglutide added to metfor-
min optimizes pregnancy rates in infertile women with PCOS [136].
Salamun et al. [136] carried out a prospective, randomized, open label
study in 28 infertile PCOS patients (mean age 31, BMI 36.7 kg/m?)
given metformin 2 g/day or metformin 2 g combined with liraglutide
(1.2 mg/day) for 12 weeks. Patients on metformin lost 7.0 kg compared
with 7.5 kg on combined therapy with no between group difference in
weight loss. The IVF pregnancy rate per embryo transfer was higher in
the combination group 85.7% vs 28.6%, p = .03. The cumulative preg-
nancy rate in 12 months was 69.2% in the combination group vs 35.7%
in the metformin group. Preconception low dose liraglutide added to
metformin was superior in increasing pregnancy rates in infertile
obese women with PCOS, despite comparable weight reduction in
both groups.

Liraglutide is very effective and in the first rank of drugs for weight
loss in PCOS, particularly in concert with metformin. Overall, particu-
larly with a metformin-liraglutide combination, when coupled with
diet and exercise, weight loss of ~5-10% and improvement in insulin re-
sistance and hyperandrogenemia can be expected in a majority of
women with PCOS.

6.3. Saxenda-Exenatide

Elkind-Hirsch et al. [137] studied 60 overweight anovulatory women
with PCOS (BMI >27 kg/m?), ages 18-40, given metformin 2 g/day,
exenatide 10 pg twice/day, or combined therapy for 24 weeks. Combined
therapy was superior to monotherapy in improving menstrual cyclicity,
ovulation rate, free androgen index, and insulin sensitivity measures
and reducing weight and abdominal fat. Both exenatide arms were
more effective in promoting weight loss than metformin (p = .003).
Tzotzos et al. [138] emphasized that the beneficial effects of liraglutide
1.2 and 1.8 mg in weight loss in PCOS would be amplified with the use
of the recently approved 3.0 mg/day dose (Saxenda) for weight loss.

6.4. Thiazolidinediones

Thiazolidinediones (TZDs) have little weight loss effectiveness, but
are effective in treating hyperinsulinemia and insulin resistance in both
lean and obese women with PCOS [139-141], Table 1. Thiazolidinediones
can be used as alternatives to metformin in PCOS, primarily in patients
who cannot tolerate metformin or do not respond to metformin [142].
TZDs can effectively reduce insulin and fasting blood glucose levels in pa-
tients with PCOS, but TZDs may not effectively reduce the Ferriman-
Gallwey score or androgen levels and may increase body weight
[140,143].

6.4.1. Meta-analysis of Thiazolidinediones in PCOS

Du et al. [143] carried out meta-analysis of 6 thiazolidinedione trials,
pioglitazone vs metformin, including 278 women with PCOS. Pioglitazone
was better than Metformin at reducing insulin p = .002, and improving
HOMA IR p = .024, but was less effective in reducing BMI, p = .038.

6.4.2. Individual Studies of Thiazolidinediones in PCOS

Glueck et al. studied 13 women with PCOS who failed to respond op-
timally to metformin [144]. When pioglitazone (45 mg/day) was added,
insulin, glucose, insulin resistance, insulin secretion, and DHEAS fell.
Sex hormone-binding globulin rose, and menstrual regularity im-
proved, without adverse side-effects [144]. A second thiazolidinedione,
rosiglitazone, has also been shown to be effective in PCOS. Du et al.
[140,143] evaluated two studies using rosiglitazone (100 women,
4 mg once or twice/day) and two studies of pioglitazone (70 women,
30 mg/day). Menstrual cycle regularity improved with rosiglitazone
and pioglitazone vs placebo.

In women unable to tolerate metformin (usually because of GI side
effects), or in those who do not optimally respond the metformin,
thiazolidinediones offer a reasonable alternative for reducing insulin re-
sistance and hyperandrogenism, but they do not promote any weight
loss.

6.5. Orlistat

6.5.1. Systematic Review and Meta-analysis of Orlistat in PCOS

Graff et al. [145] carried out a systematic review and meta-analysis
of orlistat in PCOS. Three randomized control trials were included in
the fixed effects model meta-analysis for a total of 121 women with
PCOS. Orlistat and metformin had similar positive effects on BMI
(—0.65%), HOMA-IR (—3.60%), testosterone (—2.08%), and insulin
(—5.51%). Wang et al. [110] recently evaluated 23 trials reporting on
941 women in a network meta-analysis comparing liraglutide, orlistat,
and metformin for weight loss. The amount of weight lost differed sig-
nificantly among the drugs (in descending order): liraglutide, orlistat
and metformin. Liraglutide alone, liraglutide + metformin, and metfor-
min alone significantly reduced waist circumference, but no change was
found with orlistat.

6.5.2. Individual Studies of Orlistat in PCOS

Several studies have suggested that orlistat is as good as metformin
[145-149] in promoting weight loss and reducing insulin resistance.
Panidis et al. [149] studied 101 women with PCOS, mean age 26.2 and
BMI 34.5, and 29 BMI matched women with normal ovulation. Orlistat
(120 mg three times/day) was given for 6 months along with low calo-
rie diet and exercise. There was a reduction in BMI in both PCOS women
and controls (p <.05). Markers of HOMA IR improved (p <.05), and to
comparable degree in treated PCOS vs controls. Serum T and the free an-
drogen index (FAI) fell in treated patients and not in controls. Metfor-
min and Orlistat were also found to have similar beneficial results in a
study by Kumar et al. [147] who evaluated 90 women, orlistat vs met-
formin with lifestyle, or controls with lifestyle alone. Orlistat and met-
formin were more effective than lifestyle in reducing weight, BMI,
waist circumference, and waist/hip ratio. Side effects were less with
orlistat. Conception rates were 40% orlistat, 16.7% metformin, and 3.3%
in controls p = .003. Orlistat was as effective as metformin in reducing
weight and achieved similar ovulation rates in obese PCOS patients.
Orlistat was better tolerated than metformin in this study.

The use of orlistat is limited by gastrointestinal side effects, with 15%
to 30% experiencing oily stool, fecal urgency, or oily spotting, and 7%
fecal incontinence, especially at the initiation of treatment [150].

When orlistat can be tolerated, and if metformin and/or liraglutide
have been ineffective in promoting weight loss, then orlistat offers an al-
ternative treatment, but one which is limited by gastrointestinal side
effects.
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Table 2
Bariatric surgery approaches to treatment of polycystic ovary syndrome.

Bariatric surgery

« Mode of action: Increases endogenous secretion of incretin and GLP-1 with subsequent reduction in hyperinsulinemia and reduced insulin resistance. Reduction of caloric

intake by mechanically limiting food intake. Malabsorption of dietary fats.

« Use in pregnancy: surgical procedure should be completed and weight loss stable for 12-24 months before attempting conception. Malabsorption of fat-soluble vitamins needs

to be monitored

« Contraindications: Severe heart failure, unstable coronary artery disease, cirrhosis with portal hypertension, esophageal varices, chronic stomach or esophageal ulcer, Crohn's

disease

« Use with caution: congenital or acquired esophageal narrowing, chronic pancreatitis, chronic long-term steroid use, severe pulmonary dysfunction
» Common side effects: Long term hypovitaminosis, secondary hyperparathyroidism, fetal malnutrition if pregnancy <1.5 years after surgery, gastric erosion. Long term

hypovitaminosis, increased bone fracture
« Weight loss effectiveness: 10

6.6. Acarbose

6.6.1. Meta-analysis of Acarbose in PCOS

Zhang et al. [151] carried out meta-analysis of 3 studies of acarbose
in PCOS. Changes in the Ferriman-Gallwey score or BMI were not signif-
icant. There were no significant differences between acarbose and met-
formin with respect to improvements in ovulation rate, menstrual
patterns, or changes in serum levels of testosterone, adverse events, or
BMI. Acarbose was superior to placebo or no treatment in reducing
serum levels of testosterone (p = .01), but acarbose caused a signifi-
cantly higher incidence of side effects, such as abdominal distention
and diarrhea (p <.0001).

Kircher [152] reviewed 3 randomized controlled trials and 1 pro-
spective study of acarbose in PCOS. Compared to metformin, acarbose
induced greater weight loss and comparable menstrual regularity. In
contrast, in an individual study, Hanjalic-Beck et al. [153], in 75
women in a prospective, randomized, blinded placebo-controlled trial,
using metformin 2550 (n = 37) or acarbose 300 (n = 38) for
12 weeks, found a significant decrease in BMI only on metformin. At
the end of treatment there was no difference in metabolic or hormonal
variables between the two drugs. Flatulence and diarrhea were lower
for acarbose than metformin 38% vs 80%, p <.001.

6.6.2. Individual Studies of Acarbose in PCOS

Penna et al. [154] studied 30 obese hyperinsulinemic women with
PCOS comparing 150 mg acarbose/day vs placebo. Acarbose reduced
BMI from 35.9 to 33 kg/m?. No parameters changed in the placebo
group. The lowest dose of acarbose which lowered glycemia in diabetic
patients was 150 mg/day.

Because of the frequent side effects of abdominal distention and di-
arrhea, and (overall) lesser weight-loss capability than metformin,
acarbose has not widely been used in treatment of PCOS.

In a small group of women where previous diet-exercise and
pharmacologic therapies (summarized above) fail or are not able to
ameliorate obesity and its associated metabolic consequences, bariatric
surgery is an effective, successful, non-pharmacologic approach, but
more complex, particularly for ensuring successful long-term follow-up.

6.7. Bariatric Surgery

In women with morbid obesity and PCOS, without adequate response
to weight loss, diet, exercise, and pharmacologic intervention (Fig. 3), bar-
iatric surgery is one of the last sequential recommendations for weight
loss intervention and metabolic improvement in PCOS, but has consider-
ably greater complexity. For the morbidly obese, bariatric surgery is a
first-line therapy, indicated (by NIH criteria) when BMI is >40, or >35
with a concurrent serious co-morbidity [155] including, in some studies,
PCOS [37,156]. Bariatric surgery is superior to medical therapy controlling
hyperglycemia in type Il diabetes [157], increasing incretin and glucagon-
like peptide-1 (GLP-1), reducing hyperinsulinemia, and improving insulin
sensitivity [158,159], all optimal for PCOS. Refraining from pregnancy for

12-24 months after bariatric surgery reduces risk for small-for-
gestational-age babies and shorter pregnancies [160].

Candidates for bariatric surgery procedure include adults with
BMI 240 kg/m? without comorbid illness or adults with BMI 35 to
39.9 kg/m? with at least one serious comorbidity [161], but it has been
estimated that <1% of all subjects (irrespective of PCOS) who are candi-
dates for bariatric surgery have had the surgery. The extraordinary obe-
sity of women with PCOS having bariatric surgery is documented as
follows: mean age and BMI levels in bariatric surgery studies of
women with PCOS were 32 years and 52.8 kg/m? (Jamal et al. [70]),
36 years and 44.2 kg/m? (Christ and Falcone [86], 34 years and
59 kg/m? (Eid et al. [156, and]), and 31 years and 46 kg/m?
(Sklubleny et al. [88]).

Bariatric surgery has an important role in treatment of morbid obe-
sity in women with PCOS [70,86,90,91,162,163]. However, when consid-
ering the major benefits of bariatric surgery in morbidly obese women
with PCOS, long term medical [164-166] and surgical [167] complica-
tions of the surgery need to be balanced against the benefits of weight
loss and obesity related comorbidities. When comparing 6.5 year (me-
dian) follow-up of bariatric surgery vs specialized medical treatment,
benefits included greater remission of hypertension and lower likelihood
of new hypertension, greater likelihood of diabetes remission, and ad-
verse outcomes included greater risk of new onset depression, greater
use of opioids, and greater risk for undergoing at least 1 additional gas-
trointestinal surgical procedure (31.3% vs 15.5% [164]. Short term post-
operative complications included bleeding 0.7%, wound infection 0.5%,
urinary tract infection (0.3%), venous thromboembolism (0.3%) and
leak (0.2%) [167]. Long term hypovitaminosis and secondary hyperpara-
thyroidism persist at 5-year follow-up after gastric bypass [166]. In a ret-
rospective cohort study using Swedish national databases, 38,971 obese
patients undergoing gastric bypass were identified, 7758 with diabetes
and 31,213 without. An equal number of well-balanced controls were
identified through multivariable 1:1 propensity score matching. During
a median follow-up time of 3.1 years, gastric bypass was associated
with increased risk of any fracture in patients with and without diabetes,
and this risk appeared to increase with time [168]. Fracture risk was not
associated with the amount of weight loss or calcium and vitamin D sup-
plementation following surgery. There was also an increased risk of fall
injury after surgery, which could contribute to the increased fracture
risk [168].

The multiple surgical approaches to bariatric surgery remain under
review without any consensus optimal procedure [163,169-172]. The
optimal bariatric surgical procedure for morbidly obese women with
PCOS is unknown. Gastric banding, where the band could be loosened
to allow larger caloric intake during pregnancy, was previously thought
to be optimal, but band erosion is a serious long-term complication. His-
torically Roux-en-Y Gastric Bypass (RYGB) was the most common pro-
cedure and is associated with greater weight loss than gastric banding.
Recently, vertical sleeve gastrectomy (VSG) has increasingly been
used, which has lower operative and long-term morbidity due to the
lack of bowel re-anastomosis in RYGB. VSG offers long term weight
loss slightly less than RYGB [173].

An outline for bariatric surgery use in PCOS is provided in Table 2.
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6.7.1. Meta-analysis of Bariatric Surgery in PCOS

In a meta-analysis by Skubleny et al. [88] of 13 studies with 2130
women, the incidence of PCOS preoperatively was 45.6%, falling, after
12 months to 6.8% (p <.001). Menstrual irregularity and hirsutism
both fell at 12 month and study end follow-up. Butterworth et al. [91],
pooling 6 studies, reported that post- surgical contraception rates varied
from 33% to 100%.

Garb et al. [174], in a meta-analysis of bariatric surgery outcomes for
morbidly obese subjects, reported percent excess weight loss of 62.6%
for laparoscopic gastric bypass and 49.4% for laparoscopy banding.

6.7.2. Individual Studies of Bariatric Surgery in PCOS

Bariatric surgery, after conventional diet, weight loss, exercise, and
pharmacologic intervention have failed in morbidly obese women
with PCOS, effectively attenuates the major metabolic and functional
abnormalities of PCOS and its clinical symptomatology [88-91,175],
and facilitates regularization of menstrual function and improves con-
ception rates. Weight loss 1 year after sleeve gastrectomy was 36%
[87], and weight fell one year after surgery from 126 + 38 kg to 97 +
23 kg in studies by Christ and Falcone [86]. In 31 women treated with
Roux-en-Y gastric bypass by Kjaer et al. [175], average weight loss in
the first postoperative year was 39.6 kg, and 85% of women with
oligo-amenorrhea gained regular menstrual cycles.

Increased conception rates in women with PCOS after bariatric sur-
gery may be related to changes in AMH. Nilsson-Condori et al. [89] pro-
spectively studied 48 women (PCOS not specified). Median AMH levels
were 30.0 pmol/L at baseline and were 19 and 18 at 6 and 12 months
after RYGB, p <.001. Chiofalo et al. [90] studied 14 women with PCOS.
AMH levels in obese and non-obese PCOS women were high pre-
operatively 5.84, 7.35 ng/mL, and fell 1 year after surgery (p <.02).
Bhandari et al. [162] reported that morbidly obese patients with PCOS
benefitted from bariatric surgery both in regularization of menstrual
function and normalization of serum AMH levels. In 31 morbidly
obese women with PCOS treated with Roux-en-Y gastric bypass, men-
struation corrected in 82%, and hirsutism resolved in 29%. Of those
women with diabetes, 78% had complete remission of the diabetes.
Most women with PCOS resume normal menstrual cycles after bariatric
surgery. Eid [156] retrospectively studied 24 women with PCOS who
had laparoscopic gastric bypass surgery, whose mean age was 35, and
mean preoperative body weight was 306 Ib, with a mean BMI of
50 kg/m?. All patients were oligomenorrheic and 23 were hirsute. The
mean follow-up period was 28 months. The mean excess weight loss
at 1 year of follow-up was 56.7% + 21.2%. All women resumed normal
menstrual cycles. 52% of women had resolution of hirsutism. Five
women were able to conceive after surgery without the use of clomid.

In morbidly obese women with PCOS who fail to satisfactorily
achieve targeted weight loss, and remain oligo-amenorrheic,
hyperandrogenemic, and have difficulty conceiving despite diet-
exercise and pharmacologic treatment, bariatric surgery remains a last
and effective intervention.

7. Summary

Obesity, particularly visceral adiposity, is one of the defining charac-
teristics of PCOS, and from adolescence through adulthood, and requires
continuing monitoring and intervention. Obesity amplifies and worsens
all metabolic and reproductive outcomes in PCOS. Obesity increases in-
sulin resistance and compensatory hyperinsulinemia, which in turn
increases adipogenesis and decreases lipolysis. Obesity increases in-
flammatory adipokines which, in turn, increase adipogenesis. Lifestyle
intervention focused on weight loss and concurrent exercise are central
to therapy, but pharmacologic therapy often needs to be added, and if
therapeutic goals are still not reached, bariatric surgery can often pro-
vide good outcomes for weight loss, amelioration of T2DM, resolution
of hyperandrogenism, and resumption of ovulation and pregnancy.
PCOS symptoms commonly improve with 5% to 10% weight loss, but

25% to 50% weight loss, usually achievable only through bariatric sur-
gery, may be required for the morbidly obese when other interventions
fail.
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