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PCOS is the most common 

endocrinopathy affecting women in their 

reproductive age (1). PCOS accounts for 80% 

of anovulatory infertility cases (2). PCOS is 

not only a reproductive  but also a metabolic 

disease in which insulinresistance eventually 

aggravated by obesity is the key of disorder 

(3). The clinical and biological traits of the 

disease have been established and 

permanently refined . The diagnosis of PCOS 

relies on the presence of hyperandrogenia 

(clinical and biochemical), HA) ovarian 

dysfunction (OD)  (abnormal cycles, 

anovulation) and polycystic ovarian 

morphology (PCOM). NIH (National 

Institute of Health) 1990 criteria include the 

presence of both HA and OA 

(oligoanovulation) (1990). 2003 
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Abstract. PCOS is the most common endocrinopathy affecting women in their reproductive and accounts for 80% 
of anovulatory infertility cases, PCOS is defined by criteria including hyperandrogenia, ovarian dysfunction and 
polycystic ovarian morphology. The prevalence of PCOS is between 6%-10% accoding to criteria use for definition 
and studied population. Functional ovarian hyperandrogenism may trigger an abnormal function of hypothalamo-
pituitary-ovarian axis with increased frequency and magnitude of LH pulses and further androgen hypersecretion 
in ovarian theca interna.  Hyperandrogenia is the most  important determinant of anovulation.  Insulinresistance as 
a key determinant  in PCOS is probably heritable,  due to abnormal  function of insulin receptor,  and  is associated 
with compensatory hyperinsulinism which in turn aggravates hyperandrogenia. Obesity worsens insulinresistance  
and  all traits of PCOS. Surgery may offer two opportunities for infertility management in PCOS: laparoscopic 
ovarian drilling which improves hormonal environment within ovary and bariatric  surgery which decreases 
insulinoresistance through weight loss. Laparoscopic ovarian drilling (LOD) may be performed in  clomiphene-
resistant PCOS and may result in a spontaneous ovulation rate of 30%-90%, a pregnancy rate of 13%-88% and is 
indicated in clomiphene-resistant PCOS cases as a second line therapy for infertility in selected cases. Although 
bariatric surgery results in an important weight loss, restores fertility in most cases and improves  preconceptional 
health, it requires close monitoring of nutritional status and postponement of conception for at least 12 months 
during the period of rapid weight loss. Actual guidelines consider bariatric surgery as an experimental treatment in 
PCOS and do not advocate bariatric surgery as a fertility treatment. 
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criteria  are based on the presence of two of 

three:  hypernadrogenia (HA), ovarian 

dysfunction  (OD), and PCOM, for AE-

PCOS (Androgen Excess &PCOS Society):  

two of two criteria are necessary for 

diagnosis: HA and ovarian dysfunction (OD 

or PCOM).   NIH 2012 extension of 

ESHRE/ASRM criteria requires two of three 

criteria for definition ( HA, OD, PCOM) and 

defines four phenotypes of PCOS: phenotype 

A: HA+ OD+ PCOM; phenotype B: 

HA+AD; phenotype C: HA+PCOM; 

phenotype D: OD+ PCOM (quoted by 4).   

The prevalence of PCOS is between 

9-18% according to criteria used for its 

definition, and studied population  (2,4). 

Bozdag (5): found out in a metaanalysis a 

prevalence of PCOS  of  6% according to 

NIH criteria, of 10% according to Rotterdam  

and AE-PCOS criteria. In a study on 447 

women Lauritzen (6) found according to 

Rotterdam criteria a prevalence of 16.6%  ( 

33.3% in women less than 30 years, 14.7% 

between 30-34 years and 10.2 % over 35 

years).                                                                                                                                      

Etiology of PCOS is less clear but 

heritability seem to play a major role. 

Increased attention is directed  to prenatal 

androgen exposure of fetuses of women with 

PCOS which may produce an epigenetic  

reprogramming of  genes and central nervous 

system circuits involved in reproduction and 

in metabolic control (7).  

Pathogenesis of PCOS is still not 

completely understood. Functional ovarian 

hyperandrogenism (due to upregulation of  

17 hydroxylase and  and 17 hydroxisteroid 

dehydrogenase)  and functional adrenal 

hyperandrogenism may trigger an abnormal 

function of hypothalamo-pituitary-ovarian 

axis with increased frequency and magnitude 

of LH pulses and further androgen 

hypersecretion in ovarian theca interna.  

Hyperandrogenia,  the excess of small 

follicles which produce AMH , premature 

luteinisation  of follicles, abnormal FSH 

secretion,  all result in chronic  anovulation 

and subfertility (8).  

Insulinresistance as a key determinant  

in PCOS, is probably heritable  due to 

abnormal  function of insulin receptor,  and  

is associated with compensatory 

hyperinsulinism. 50 % -90% of women with 

PCOS have insulinoresistance (3). 

Insulinresistance is amplified  by testosterone  

which decreases insulin-sensitizing 

adipokine: adiponectin (3) and favor 

abdominal obesity development.  Insulin acts 

by upregulating  LH receptors in  theca 

interna and stimulates  androgen  secretion. 

There is a vicious circle in which 

insulinoresistance amplifies 

hyperandrogenism which in turn increases 

insulinoresistance. All these abnormalities 

are  amplified by obesity. (8).   

Autophosphorilation of  some 

components of  insulin receptor results in   

decreased function of  phosphathydil inositol 

3 kinase (PI3K) which mediates metabolic 

pathways  including glucose transporter 4 

activity. In the same time  Mitogen-Activated  

Protein Kinase (MAPK) which mediates 

growth and  proliferative actions of insulin 

receptor and  stimulates ovarian androgen 

synthesis remains functional and upregulates   

androgen synthesis in theca interna by 

stimulating 17α hydroxylase activity. (3,9). 

PCOS represents a risk for different disorders 

which may affect female life from 

adolescence to postmenopausal years (3). 

Risks associated with PCOS are  

reproductive which affect younger years and 

metabolic and cardiovascular which last 

lifelong  (3,7). 

PCOS-associated reproductive 

disorders are: hirsutism , chronic anovulation 

and reduced fertility sexual health problems, 

decreased quality of life. Subfertility may be 

seen in 72% of cases of PCOS as compared 
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with 5.8% in general population (10). 

Infertility in PCOS does not result only of 

chronic anovulation. Other factors such a 

poor oocyte quality, premature luteinisation, 

abnormal uterine  receptivity due to  

endometrial dysregulation may be 

responsible for increased miscarriage rate 

and premature delivery (11).                                                                                     

PCOS- associated metabolic 

disorders which may start from adolescence 

and young age,  become aggravated with 

increase in age and are most of them  

associated with insulinoresistance:   impaired 

glucose tolerance, type 2 diabetes mellitus ( 

T2DM) which is 3  times more frequent in 

PCOS, metabolic syndrome, subclinical 

vascular disease, arterial hypertension, 

dyslipidemia, non-alcoholic fatty liver 

disease, obstructive sleep apnoea (7,12,13). 

Cardiovascular disease risk is 4 fold greater  

in women with PCOS. PCOS is also 

associated with slightly increased risk for 

cerebrovascular events and 

thromboembolism (10). Obstructive Sleep 

Apnoea (OSA) in PCOS is associated  with 

obesity and hormone imbalance . Androgen 

increases apneic threshold  and  progesterone 

deficiency increases upper airways 

resistance. OSA  increases insulinresistance 

(3).  

Women with PCOS may have more 

psychological disorders such as: depression, 

eating disorders and social fobias (7). 

Progesterone deficiency due to chronic 

anovulation  and metabolic abnormalities 

increases  the risk for endometrial, ovarian 

and  breast cancer (7, 10). 38%-88% of 

women with PCOS are overweight or obese 

with wide variations according  PCOS 

phenotype, geographic  areas studied and 

ethnicity (data quoted by 3). Not all 

phenotypes are associated with  the same 

severe metabolic problems (7). PCOS and 

obesity are in close relationship (3). The 

existence of clusters of PCOS and related 

obesity suggests a common genetic 

predisposition (14). Obesity  in women with 

PCOS  develops usually from adolescence  

and increases  in time (15).                                                                                                                                         

Obesity worsens  PCOS  especially 

by increasing insulinresistance  with 

subsequent androgen production (2). Obesity 

favors systemic inflammation  by increased 

secretion of TNFα, interleukins, vascular cell 

adhesion molecules and advanced glycated 

end products   (7,16) Androgen may 

stimulate the development of abdominal 

obesity which  increases insulinresistance  

and  risk for metabolic  syndrome (7). 

Obesity per se may impact fertility by 

producing insulinresistance, increased 

androgen secretion, decreased SHBG, and 

increased inflammation (7). Obese women 

need higher doses of gonadotropins for 

ovulation induction during IVF procedures 

(17). Obesity  has an impact on gestation by 

increasing comorbidities associated with 

pregnancy: gestational diabetes mellitus, 

gestational hypertension, eclampsia, 

increased risk for maternal or fetal death, 

preterm delivery, intrauterine growth 

restriction and need for cesarian section (18).  

Treatment of PCOS must be oriented 

to improve reproductive potential by  

reestablishing ovulation and fertility, to 

improve metabolic profile by reducing 

insulinresistance  and to improve 

psychological problems in affected women 

(19). Goals of infertility treatments in PCOS 

are: to induce regular cycles, monofollicular 

ovulation aiming in the same time to reduce 

risks of ovarian overstimulation syndrome 

and multiple pregnancies (2).  

As obesity  worsens  metabolic 

characteristics of PCOS  with negative 

impact on reproduction and  fertility 

treatments optimizing  health by  reducing  

weight  is necessary  before any  treatment 

attempts (2,15). Practically all 

recommendations of guidelines on PCOS 
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treatment emphasize the importance  of  

lifestyle interventions for weight 

management (15, 19,20). Interventions for 

weight loss in PCOS are the same as in other 

cases of obesity and in some cases may 

reverse insulinresistance and restore fertility 

(3). Lifestyle intervention involves a healthy 

balanced diet of 1200-1500 calories, aerobic 

exercise, optimization of sleep (CPAP 

therapy) (15). At least 5-7% of weight must 

be lost in order to achieve fertility in PCOS 

(2). Weight loss may result in significant 

drop in total al free testosterone, increased 

SHBG, decreased ovarian volume (21).                                                                                                                                   

Before starting any  infertility  

treatment  in PCOS tubal potency and  semen 

analysis must be performed (15). According 

to International evidence-based guideline for 

the assessment and management of 

polycystic ovary syndrome 2018 (15) first 

line medical treatment must be based on the 

use of clomiphene citrate  associated or not 

with metformin or aromatase inhibitors-

letrozole; second line medical treatment for 

infertility is represented by gonadotropins; 

and third line treatment is represented by 

IVF.                                                                                                  

 

Surgery may offer two opportunities 

for infertility management in PCOS which 

will be presented: laparoscopic ovarian 

drilling (diathermy) which improves 

hormonal environment within ovary and 

bariatric  surgery which decreases 

insulinoresistance through weight loss and 

increatin modulation.                                                                                                                 

 

Laparoscopic ovarian drilling (LOD) 

may be performed in  clomiphene-resistant 

PCOS and may result in a spontaneous 

ovulation rate of 30%-90%, a pregnancy rate 

of 13%-88% (9). Microlaparoscopic ovarian 

drilling may be performed under local 

anesthesia and do not require hospitalsation. 

(9). Potential advantages of  LOD are: 

reduced risk for ovarian hyperstimulation 

syndrome (OHSS), reduced risk for multiple 

pregnancies, reduced risk of OHSS  during 

subsequent medical ovarian stimulation 

procedures, reduced miscarriage rate, lower  

cost if compared with gonadotropins 

(9,15,20,22). Ovarian  morphology  and 

function improve after LOD : tunica 

albuginea thickness is reduced, stromal 

volume and number of preantral follicles 

both producing  androgen  are also reduced, 

AMH and inhibin  levels drop. Decreased  

LH and androgen secretion  results  in a 

dominant estrogenic ovarian environment  

which promotes follicular maturation and  

ovulation (20).  

Postoperative  angiogenesis creates a 

permissive environment for normal follicle 

development.  Reduced ovarian androgen 

secretion  results in normalization  of 

hypothalamus-pituitary- ovarian axis. 

Increased insulinsensitivity also occurs after 

LOD probably in close relationship with 

decreased androgen secretion   (9,23). 

Transvaginal ovarian drilling results after 

only one day following procedure in 

decreased testosterone and AMH in serum 

and follicular fluid in women undergoing 

controlled ovarian stimulation protocol with 

GnRH antagonists for IVF (24).                                                                                                                                        

Complications of LOD are: local 

adhesions (0-100%) with no important 

impact for future fertility and damaging of 

the ovarian structure and vascularity because 

excessive number of punctures (17,23), 

Complications can be avoided  if  monopolar 

or bipolar diathermy or laser is used for no 

more than four points, for 4 seconds at 40 W 

are directed to each ovary (2).  

Despite of  these  potential benefits of 

LOD on ovarian function a metaanalysis 

performed by Farquhar 2012 (25) on 8 trials 

including 1034 women with PCOS treated 

with LOD, life birth rate after LOD was not 

superior to other medical treatments such as 
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clomiphene tamoxifen, letrozole, 

gonadotropins, aromatase inhibitors and 

superior only to clomiphene+metformin. An 

advantage of LOD is no need for close 

monitoring of ovulation  occurrence  because 

of low risk of  ovarian hyperstimulation 

syndrome and  multiple pregnancies (2).                                                                                                                                                                  

Predictive factors for positive 

outcomes after  LOD are: normal body 

weight, age under 35 years, decreased. Antral 

follicular count (AFC) to less than 50, 

decreased AMH (26). Predictors for failure of 

LOD are: duration of  infertility longer than 3 

years, high levels of androgens (total 

testosterone, free T or FAI), low LH ( under 

10 mIU/m),  high BMI, low SHBG, high 

basal AMH, associated tubal factor, 

endometriosis, patient age over 35 years, 

concomitant male infertility factor (9,23).  

Medical treatments for ovulation 

induction  could be tried if pregnancy is not 

achieved after 6 months, or if ovualation is 

not detected 3 months after LOD. (23). 

According to opinions expressed by different 

guidelines  (1,15,23) LOD may be offered to 

patients with PCOS only as an infertility 

treatment  in the following conditions: in CC-

resistant  cases of  PCOS, highly selected 

cases, young age, normal BMI, LH 

hypersecretion, in patients  who need  

laparoscopic assessment  for other reasons, 

noncompliant patients or patients living to far  

from hospitals to allow  intensive monitoring 

of the effects of  medical  ovulation inductors: 

ovarian  hyperstimulation syndrome.  

Anesthetic risk and surgery risk  in 

obese women, may be also be considered 

previously to make a decision for LOD (1, 

15). Despite of some hormonal  and 

metabolic advantages  LOD should are 

considered only as a second line therapy in 

clomifen-resistant PCOS as long as there are 

many other medical  alternative treatments 

(23).  

Bariatric surgery pro and cons 

opinions.                                                                                      

General recommendation for the use 

of bariatric surgery. NIH recommendations 

for bariatric surgery are: BMI >40 kg/m2or 

BMI>35 kg/m2 with comorbidities, high risk 

obesity-associated condition after failure of 

other attempts for weight control (16, 19). 

European Guidelines on Metabolic and 

Bariatric Surgery published in 2013 (quoted 

by 27)  consider that bariatric surgery may be 

performed in obese patients  in the following 

circumstances:BMI > 40 kg/m2. BMI: 35-

39.5 kg/m2in whom surgically induced 

weight loss is expected to improve 

comorbidities (type 2 diabetes, 

cardiorespiratory disease, severe joint disease 

or obesity-related  severe psychological 

problems and BMI > 30 K kg/m2and< 35 

kg/m2with type 2 diabetes mellitus, on 

individual basis.  

Recently Beydoun (13)  affirmed  that 

“with expended use of bariatric surgery 

beyond severe obesity, PCOS has become a  

novel  indication in recent years”. Assuming 

that at least 50 % of women with PCOS are 

overweight or obese   a sustained weight loss 

is important for improvement of reproductive 

outcomes and  fertility. Bariatric surgery  is 

an effective treatment for severe obesity 

(15,20). 

Bariatric surgery produces not only  a  

restriction of food intake and reduced 

absorption but also in a new profile of 

incretin secretion. After Roux en Y gastric 

bypass  there is an  increase of Glucagon-like 

Peptide 1(GLP1) which increases β cell 

function and  insulin sensitivity  Bariatric 

surgery increases   Polypeptide YY (PYY),  

Colecystokinine, Oxyntomodulin and  

Glicentin which decrease   appetite. Glucose-

dependent insulinotropic peptide also  

decreases gastric acid secretion. There is also 

a decreased Ghrelin secretion  which 

increases appetite and is a growth hormone 
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secretagogue. The most important  effect of  

bariatric surgery regarding incretins 

modulation  is  an adequate   insulin secretion 

and increased insulinsensitivity (28, 29) 

According  to Position Statement of  

Androgen Excess-PCOS Society (19) 

bariatric surgery results in complete 

resolution of type 2 diabetes mellitus 

(T2DM),  and improvement of  

hyperlipidemia, arterial hypertension  and 

obstructive sleep apnoea. A 56% weight loss 

may provide complete resolution of type 2 

diabetes mellitus in 78%of cases (2). 

Bariatric surgery in obese women results in 

reduced testosterone and estradiol  levels, 

increased FSH and SHBG and increased 

probability to achieve a pregnancy. During 

the rapid weight loss time, until weigh 

stabilization, during at least 12 months 

women at reproductive age must use a 

reliable contraceptive method (30,31).                                                                                                    

An important weight loss in severe 

obese women, some of them having PCOS 

resulted in decreased hirsutism, restoration of 

regular cycles, ovulation and significantly 

decreased in testosterone, free testosterone, 

DHEA, androstenedione and HOMA-IR 

(32). Eid (33)  reported in 30 women 

followed 17 months after  Roux-en-Y gastric 

bypass who lost 56.7% of their BMI, 

normalization of HBA1c (8.2% to 5.14%), 

improvement of hirsutism in 52% of case, 

disappearance of  menstrual  dysfunction in 

80% of cases,  and that all women who 

wanted to become pregnant achieved their 

goal. A metaanalysis of 18 studies 

demonstrated that gastric bypass results in 

correction of hirsutism n 29% of cases, 

correction of menstrual dysfunctions in 82% 

of cases and pregnancy in 100% of cases 

(34). In a metaanalysis on 13 studies on obese 

women with bariatric surgery Skubleny (35) 

found out that: PCOS was present in 45.6% 

before surgery and in 7.1% after surgery, 

hirsutism dropped from 67% pretreatment to 

32 % post treatment, infertility dropped from 

18.2% to 4.3%. Ezzat (21) found  that a 

reduction of BMI from 43.6 kg/m2 to 33.5 

kg/m2 in six months and to 29.1 kg/m2 after 

12 months resulted in a drop in total and free 

testosterone, increased SHBG, and decrease 

of ovarian volume from 14 ±1.79 mL to 

9.78±1.19 mL at six month and to 8.0±0.99 

mL at 12 months.The  author also emphasizes 

that conception or other treatments for 

infertility in PCOS women with bariatric 

surgery must be postponed  until BMI is 

reduced to less than 35 kg/m2.                                                                                                                                

The effects of  bariatric surgery  on 

preconceptional  health. A metaanalysis  

performed  by Snoek K et al (36) 

demonstrated  that sleeve  gastrectomy 

(restrictive procedure) and  gastric bypass 

(combined restrictive and malabsorbtive 

procedure) are most used  techniques  in 

bariatric surgery in our days.  The study of 

Nilsson Condori demonstrated  in operated 

female patients an important drop in total ,  

free  testosterone and AMH, an increase in 

SHBG and estradiol without changes in FSH 

and LH (36).                                                                                                                                          

Spontaneous conception rate after 

bariatric surgery in PCOS women with PCOS 

is of 58%(20).2018 International evidence-

based guidelines for infertility treatment in 

PCOS admit that lifestyle intervention is of 

limited efficacy and bariatric surgery results 

in an important and sustained weigh loss. 

Guidelines  emphasizes over problems 

associated  with bariatric surgery which may 

interfere with  its results  (1,15). These are 

risks of bariatric surgery per se: 

malabsorption, eating disorders, food 

intolerance, dumping syndrome, diarrhea  

and  steatorrhea  which may affect maternal 

and fetal health ( 15, 37) and involve a need  

for monitoring. During the first 12-24 months  

there is the most important rate of nutritional 

deficiencies (37). There is a need to avoid 

pregnancy during the time of rapid weight 
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loss with  strong recommendation  to 

postpone pregnancy for 12 months even 18 

months with an appropriate  contraceptive 

method. Potential   adverse effects in  

subsequent  pregnancies involve a  close 

monitoring of fetal growth in pregnancies 

which occur after bariatric surgery (11,31).                                    

The amount of weight loss is more 

important than  the surgical procedure (37). 

The beneficial effects must always be  

balanced against  side effects of bariatric 

surgery (15, 38)                                 Beneficial 

effects of bariatric surgery  in relationship 

with future pregnancy  are: reduced risk for  

gestational diabetes, gestational 

hypertension, preeclampsia,  large for 

gestational age babies and  risk for genital 

malformations (15, 27, 37).                                                                                        

Risks of bariatric surgery for future 

pregnancies are: intrauterine growth 

restriction, small for gestational age babies, 

shorter gestation, a trend for increased 

neonatal mortality, neonatal hypocalcemia, 

neural tube defects (11,15,37). Postoperative 

management  of  patients involve  avoiding 

malnutrition  with oral or parenteral 

supplementation with iron, vitamins 

(A,D,E,K,B12). Surveillance  must be done 

at 3-6 months in the first year and yearly 

thereafter with  monitoring of  hematological 

parameters, electrolytes, vitamins, folate and 

parathormone (37).                                                                              

In spite of good results of bariatric 

surgery for restoring fertility in women with 

PCOS, guidelines continue to consider this 

procedure as an experimental treatment 

because the ratio between risks and benefits 

of bariatric surgery  is  still   too uncertain  

indicate this   as  fertility therapy  in women 

with PCOS (15,31). Costello 2019 (38) 

believes that both  anti-obesity medical 

treatments and  bariatric surgery are 

experimental therapies in anovulatory 

women with PCOS and no other  infertility 

factors and bariatric surgery may be offered 

“to  women with BMI> 40 kg/m2  or in those 

with BMI >35 kg/m2  with at least one 

obesity-related  comorbidity, who failed 

conservative treatment”. Evidence-based 

recommendations provided by a group of  

researches to WHO in order to develop a 

global guidance for treatment of anovulatory 

infertility in PCOS  says that  bariatric 

surgery can  be offered to women with PCOS 

and anovulation  who have  a BMI>35 kg/m2 

and  in whom structurated   lifestyle  

intervention failed to produce a weigh gain 

compatible with spontaneous ovulation or 

initiation of medical infertility treatment after 

12 months (2).                                                                                                                                              

 

Conclusions 

1.PCOS is an important cause of 

anovulatory infertility and a risk condition 

for metabolic and cardiovascular disease, in 

which the key determinants are 

hyperandrogenia and insulinresistance 

aggravated  by obesity.                                                                                                                                 

2.Surgery could provide  

opportunities to treat hyperandrogenia and 

insulin resistance.                      

3.Laparoscopic ovarian drilling 

(LOD) improves ovarian  hormonal 

environment and coud be offered as a second 

line treatment for infertility in clomiphene-

resistant PCOS.                                                

4. Bariatric surgery is o very efficient 

method for weight  loss, improves 

insulinresitance, may result in spontaneous 

ovulation, reduces pregnancy related 

comorbidities but requires close monitoring 

of nutritional status, postponement of 

pregnancy at least for 12 months and is still 

seen as  an experimental treatment. Bariatric 

surgery  is not advocated by actual guidelines 

as a fertility treatement in PCOS. 
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