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Introduction
PCOS is a heterogeneous disorder which results from 
interaction of multiple genes along with environmental 
factors. Body weight plays a pivotal role in reproductive 
neuroendocrinology. Both significant weight gain and 
weight loss affects the reproductive axis. Ovulatory 
dysfunction is responsible for subfertility in 20-40% of 
women1. Polycystic ovarian syndrome (PCOS) is the 
commonest ovulatory disorder accounting for 60-85% 
of anovulatory patients and the commonest 
endocrinopathy in women of reproductive age 
group2,3. 

Polycystic ovarian morphology in an ultrasound is seen 
in 20-33% of normal women4. Therefore, the presence 
of polycystic ovaries alone is not significant, and the 
diagnosis is made by the Rotterdam’s criteria5. 

The European Society for Human Reproduction and 
Embryology (ESHRE) and the American Society for 
Reproductive Medicine (ASRM) in 2003 laid down the 
criteria for diagnosing PCOS - the Rotterdam criteria. 
At least 2 of the following 3 features should be present:

Oligo-ovulation or anovulation manifested as oligome-
norrhea or amenorrhea. Hyperandrogenism (clinical 
evidence of androgen excess) or hyperandrogenemia 
(biochemical evidence of androgen excess).
Polycystic ovaries as defined on ultrasonography (12 or 
more follicles, each measuring 2-9mm in diameter, 
ovarian volume >10cm³).

There are various theories regarding the pathophysiol-
ogy of this multisystem disorder, as depicted in Figure 
1, and newer factors are identified regularly, claiming to 
play a role in its etiopathogenesis. 

The coexistence of obesity and PCOS is commonly 
seen, but the exact pathogenesis involved in patients 
with low and normal BMI with PCOS is yet to be 
identified6. Studies have proposed genetic disorder of 
insulin action and abnormalities of insulin secretion as 
the cause for PCOS in these patients7,8. The purpose of 
this study is to propose that weight gain is the major 
precipitating factor for polycystic ovarian syndrome, in 
all categories of BMI, because it is becoming a common 
trend to see non-obese women with PCOS in our daily 
practice. 
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Abstract 

Objective: To evaluate if weight gain is a risk factor for the development of polycystic ovarian syndrome (PCOS) 
in a genetically susceptible patient, irrespective of the BMI. 

Study design: A retrospective study. Study Group: Female patients who presented to our infertility clinic and 
fulfilled the inclusion criteria. 

Study Setting: Department of Reproductive medicine, Chettinad Super Speciality Hospital. 

Study period: January 2014 - December 2014. 

Results: A total of 172 patients were included in this study, among whom 107 patients had PCOS and the rest had 
other causes of infertility. The patients were distributed in the BMI categories of normal, overweight and obese. 
Out of the 107 patients who had PCOS, 104 (97.2%) had a history of minimum 4.5% gain in weight from their 
earlier weight after adolescence, following which they developed oligo (or) anovulation or clinical hyperandro-
genism. The association between weight gain and PCOS was assessed by plotting the data in a 2x2 contingency 
table and p value was calculated using a Chi-Square test, which showed a significant association (Chi square test 
- 72.629 with 1 degree of freedom, p value - <0.0001).  

Conclusion: From the above observation, we arrive at a hypothesis that weight gain could probably be the major 
precipitating factor for development of polycystic ovarian syndrome in genetically susceptible women, 
irrespective of their BMI.
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The treatment is primarily based on the symptom the 
woman presents with, like ovulation induction for 
anovulation and infertility. The concern is that the 
primary pathology is left untreated, and the hyperinsu-
linemia and hyperandrogenemia in these women 
prevail during pregnancy and is attributed to numerous 
pregnancy and neonatal complications.

Studies have shown that 5–10% weight loss causes 
significant clinical benefits improving psychological 
outcomes, reproductive features (menstrual cyclicity, 
ovulation and fertility) and metabolic features (insulin 
resistance and risk factors for CVD and T2DM)9. 
Therefore, the converse that weight gain could trigger 
the development of these symptoms, maybe applicable 
too.  

Materials and Methods
In this retrospective study, data was collected from the 
records of subfertile women who attended the 
Department of Reproductive Medicine, Chettinad 
Super Speciality Hospital, from January 2014 to 
December 2014.

During primary evaluation, a detailed menstrual history 
and history of weight gain and duration was obtained 
from all patients who presented to our department. 
These details are recorded in the case sheet. Patients 
who were uncertain about their weight gain were 
excluded from the study. Routine gynecological 
examination was done and their BMI noted. Clinical 
evidence of hyperandrogenism noted, if present. Most 
of the patients undergo a basal ultrasound examination 
on Day 2 of their menstrual cycle, and presence of 
polycystic ovaries documented. Those who did not 
have an ultrasound examination in our department 
were excluded from the study. Women were 
considered to have PCOS if they fulfilled the 
Rotterdam's criteria.

Women who had a previous term pregnancy were 
excluded from the study, as the normal weight gain 
during pregnancy can interfere with the results. Those 
who had other confounding factors like alternative 
causes of anovulation (eg.  hypothyroidism or 
hyperprolactinemia), recent laparoscopy and ovarian 
drilling, recent treatment with Metformin or long term 

intake of hormonal pills until recent past were also 
excluded from the study.

Results 
A total of 172 patients were included in this study, 
among whom 107 patients had PCOS and the rest had 
other causes of infertility, like unexplained or male 
factor infertility. It was possible to obtain the weight 
gain pattern in the non-PCOS group also, as it was 
practiced as a routine to elicit the history and include it 
in the case records. 

Figure 2a shows the educational qualification of all 
women included in the study. As seen in the figure, all 
patients are educated and were therefore able to 
elaborate on their weight gain pattern. Figure 2b shows 
the occupation of the women in the PCOS group.

They were divided into groups as shown in Table 1, and 
the same was plotted in a 2x2 contingency table. It is 
appreciable from the tables that majority of women in 
the study group had gained weight after adolescence, 
and thereafter developed PCOS. The minimum weight 
gain observed in the study was 4.5%, at a given point of 
time.  Out of the 107 women with PCOS, 104 (97.2%) 
had a history of weight gain after adolescence. The BMI 
of women in all groups were comparable, and there 
was no predilection towards higher BMI noted in PCOS 
patients. 

Fig 1 - Pictorial representation of various theories proposed

Table 1 - Distribution of women in the groups and 
their baseline characteristics  
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The patients in the study group were classified into 
different BMI categories, according to the WHO 
criteria - normal BMI, overweight and obese, as shown 
in Figure 2c. Out of the 126 women who gained weight 
82.5% developed PCOS, which suggests a probable 
genetic predisposition to PCOS in those 104 patients.
 
There was no lean woman with PCOS in this group. As 
seen in the figure, 31.73%  of these women had a normal 
BMI, 49.04% were overweight and only 19.23% were 
obese, contradicting the general presumption that 
PCOS is commonly seen in obese women. 

Statistical analysis was done using Chi-square test with 
Yates correction (72.629 with 1 degree of freedom). 
There was a significant association between weight 
gain and PCOS (p value - <0.0001).

Another interesting observation was that, among those 
who gained weight, a considerable number had gained 
weight after marriage, during a minimum duration of 1 
year and the rest during college days, as shown in 
Figure 2d. 

In another study done at our department, we observed 
that 79.5% of women who presented to our depart-
ment, had gained weight after marriage, irrespective of 
the weight of male partner10.

Discussion
Body weight of an individual is determined at concep-
tion (genetic) and in-utero (external influences). 
Studies have shown that environmental influences 
account for about 25% of the birth weight variance and 
genetic influences account for 38–80% birth weight 
variance11. When there is a change in this predestined 
weight, the human metabolic and endocrine systems 
try to acclimatize to this change by producing more or 
less hormones and enzymes which contribute to the 
development of metabolic syndrome. 

Burghen GA et al, identified the presence of hyperinsu-
linemia and thereby suggested the presence of insulin 
resistance in patients with PCOS12. It is considered as 
the fundamental metabolic alteration which leads to the 
heterogeneous disorder. The same study showed the 
concurrent presence of hyperandrogenism in these 
patients. This hyperinsulinemia could have been an 
indirect consequence of hyperglycemia due to the 
sedentary life style or inappropriate dietary habits in 
these patients. Barker's hypothesis on fetal origin of 
adult diseases was followed by the thrifty phenotype 
hypothesis, where it was suggested that poor nutrition 
in early life leads to permanent changes in glucoseinsu-
lin metabolism13,14. Similarly, studies  have shown that 
when small for gestational age children try to catch-up 
growth by increasing their growth velocity above the 
50th  percentile, they are at higher risk of developing 
obesity, Type 2 diabetes and cardiovascular 
complications15,16.

In this study, 31.73% of women had a normal BMI, 
49.04% were overweight and only 19.23% were obese, 
contradicting the general presumption that PCOS is 
commonly seen in obese women. The salient 
occurrence in all these women was weight gain after 
adolescence. With these observations and related 
studies mentioned above, it is apparent that an 
individual's weight is programmed in-utero, and the 
relative gain in weight is responsible for the metabolic 
derangements, which leads to PCOS (Figure 3,4). In 
the sequence of events, Leptin is also found to play a 
role. Leptin is secreted primarily from white adipose 
tissue, although it is present at several other sites, 
including the ovary17. Leptin stimulates LH secretion, as 
ascertained by correction of LH pulses following Leptin 
administration in women with fasting-induced HPO 
axis dysfunction18. Therefore, an increase in adipose 
tissue, increases the circulating Leptin levels and 
thereby alters the HPO axis. Leptin also exerts direct 
effect in all ovarian cells and seems to have a 
physiological regulatory effect in folliculogenesis19. 

Fig 2a - Educational Status                                                                      l    Fig 2b - Occupation of women in PCOS group

Figure 2c - BMI distribution of women who had 
weight gain and PCOS

Figure 2d - Period when weight gain occurred
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Thus, increased circulating Leptin and insulin, both an 
aftermath of increased adipose tissue, directly or 
indirectly cause derangements in the ovarian follicular 
activity and thereby the ovulatory function.  

Limitations
The study is done in an infertility clinic and not in the 
general population, which could probably affect the 
results. Larger prospective studies following up 
women from menarche are required to conclude that 
weight gain is the precipitating factor for the 
development of PCOS, but the feasibility of conducting 
such studies is questionable.

Though we are not aware of the presence or absence of 
polycystic ovaries in these patients before the weight 
gain, previous studies have shown that polycystic 
ovarian morphology in an ultrasound is seen in 20-33% 
of normal women4.  Therefore, just the presence of 
ultrasound features is not tantamount to the presence 
of the syndrome.  In this study, additional features like 
irregular cycles have developed after a substantial 
event, that is, weight gain. Moreover, patients with 
anovulation due to other causes were excluded and 
PCOS being the commonest cause of anovulation, it 
can be considered that these women developed PCOS 
following weight gain. 
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Fig  3 & 4 - Cascade of metabolic events

Fig  3 Fig  4

Fig  5 - Flow-chart showing the probable pathogenesis and the interventions in PCOS women
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Conclusion
Our study group had women belonging to all 
categories of BMI. We observed that a highly 
significant group of women with normal as well as high 
BMI, developed oligo (or) anovulation and features of 
hyperandrogenism following a distinct event, which is 
weight gain. Moreover, many observational studies 
have noted that weight loss is associated with improved 
spontaneous ovulation rates in women with PCOS20. 
Therefore, the converse may equally be applicable too.

Thus, with the aid of previous studies and our data, we 
arrive at a hypothesis that weight gain could probably 
be the major precipitating factor for the development 
of Polycystic ovarian syndrome in a genetically suscep-
tible patient, irrespective of their BMI. And therefore 
all patients shall be counseled for lifestyle modification 
and thereby weight reduction, which should be the 
primary target and initial  treatment mode. Focusing on 
the consequences (as shown in Figure 5), would only 
lead to a transient alleviation of symptoms and not 
correct the intrinsic pathology and thereby does not 
prevent pregnancy complications or long-term health 
consequences.

Acknowledgement 
Our heartfelt gratitude to Dr.Radha Pandiyan, Senior  
Consultant, and Dr.B.Kanchana Devi, Consultant, 
Department of Reproductive Medicine for their 
valuable inputs. We also thank the peer reviewers for 
their constructive criticism which has helped us 
improve the article.

The authors declare no conflict of interest.

Fertility : Assessment and treatment of people 
with fertility problems. NICE Clinical Guideline 
156; Feb 2013.

ESHRE Capri Workshop Group. Health and 
fertility in WHO group 2 anovulatory women. 
Hum Reprod Update. 2012; 18(5):586-99.

Azziz R, Woods KS, Reyna R, Key TJ, Knochen-
hauer ES, Yildiz BO. The prevalence and features 
of the polycystic ovary syndrome in an unselected 
population. J Clin Endocrinol Metab. 2004; 89(6): 
2745-2749.

Polson DW, Adams J, Wadsworth J, Franks S. 
Polycystic ovaries – a common finding in normal 
women. Lancet. 1988 Apr 16;1(8590):870-2.

Rotterdam ESHRE/ASRM-Sponsored PCOS 
consensus workshop group. Revised 2003 
consensus on diagnostic criteria and long-term 
health risks related to polycystic ovary syndrome 
(PCOS). Hum Reprod. 2004 Jan;19(1):41-7

Legro, R.S. The genetics of obesity: lessons for 
polycystic ovary syndrome. Ann N Y Acad Sci. 
2000; 900:193-202.

Dunaif A, Segal KR, Shelly DR, Green G, Dobrjan-
sky A, Licholai T. Evidence for distinctive and 

References
1)

2)

3)

4)

5)

6)

7)

intrinsic defects in insulin action in polycystic ovary 
syndrome. Diabetes. 1992;41(10):1257-66.

Diamanti-Kandarakis E, Papavassiliou AG. 
Molecular mechanisms of insulin resistance in 
polycystic ovary syndrome. Trends Mol Med. 2006 
Jul;12(7):324-32.

Galletly C, Clark A, Tomlinson L, Blaney F.  A 
group program for obese, infertile women: weight 
loss and improved psychological health. J Psycho-
som Obstet Gynaecol. 1996 Jun;17(2):125-8.

Surya P, Pandiyan N. Is marriage obesogenic in 
women? Chettinad International Fertility Collo-
quium 2015.

Magnus P, Berg K, Bjerkedal T, Nance WE. 
Parental determinants of birth weight. Clin Genet 
1984 Nov;26(5):397-405.

Burghen GA, Givens JR, Kitabchi AE. Correlation 
of hyperandrogenism with hyperinsulinism in 
polycystic ovarian disease. J Clin Endocrinol 
Metab.  1980 Jan;50(1):113-6.

 Barker DJP. The fetal and infant origins of adult 
disease. Brit Med J. 1990 Nov;301:1111

Hales CN, Barker DJP. The thrifty phenotype 
hypothesis. Br Med Bull. 2001;60:5-20.

Soto N, Bazaes RA, Peña V, Salazar T, Avila A, 
Iñiguez G. Insulin sensitivity and secretion are 
related to catch-up growth in small-for-
gestational-age infants at age 1 year: results from a 
 prospective cohort. J Clin Endocrinol Metab. 2003
 Aug;88(8):3645-50

Leunissen RW, Kerkhof GF, Stijnen T, Hokken-
Koelega A. JAMA. 2009  Jun 3;301(21):2234-42.

Dardeno TA, Chou SH, Moon HS,  Chamberland 
JP, Fiorenza CG, Mantzoros CS. Leptin in human 
physiology and therapeutics.  Front Neuroendo-
crinol, 2010 Jul;31(3): 377–393.

Chan JL, Matarese G, Shetty GK, Raciti P, Kelesidis 
I, Aufiero D. Differential regulation of metabolic, 
neuroendocrine, and immune function by leptin in 
humans. Proc Natl Acad Sci USA. 2006 
May;103(22): 8481–8486.

Brannian JD, Hansen KA. Leptin and ovarian 
folliculogenesis:implications for ovulation 
induction and ART outcomes. Semin Reprod Med, 
2002 May;20(2):103–112.

Moran LJ,  Brinkworth G, Noakes M, Norman RJ. 
Effects of lifestyle modification in polycystic 
ovarian syndrome. Reprod Biomed Online 2006 
May;12(5):569-78.

8)

9)

10)

11)

12)

3)

14)

15)

16)

17)

18)

19)

20)

124


