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INTRODUCTION
Overweight and obesity plays a major role in anovulation and that 
there occurs exponential increase in anovulation in relation to with 
increasing body weight [7, 6].

A Women is said to be having poly cystic ovarian syndrome if two of 
the following criteria is satisfied (Rotterdam consensus diagnostic 
criteria); [8]
1.  Anovulation (women with cycle interval ≥6 months, women with 

cycles   ≤42 days in whom ovulation could not be confirmed by 
ultrasound monitoring were considered anovulatory)

2.  Hyperandrogenemia (clinically or biochemically)- serum 
testosterone level > 3.5 nmol/l or a free testosterone level > 62 
pmol/l or when clinical hirsutism was present.

3.  Polycystic ovary morphology on ultrasound and after other 
endocrine causes of anovulation were excluded. 

Increased abdominal fat accumulation in obese PCOS women (waist 
hip ratio > 0.8) may lead to reproductive dysfunction and fertility 
problem, mainly anovulation [9,10].

Abdominal fat accumulation is an indicator of higher metabolic risk 
profile since it is associated with insulin resistance (IR) [11].

Hyperinsulinemia in women with obesity contributes to anovulation 
by increased ovarian androgen secretion leading to arrest of follicle 
growth [10, 12].

Loss of abdominal fat, on the other hand, is associated with resumption 
of menstruation and ovulation in obese women [13, 14].

AIM OF THE STUDY
To study the Variation of body fat distribution by measuring IAF and 
SAF of a group of obese anovulatory women with PCOS who resumed 
ovulation(Ov+) to those who remained anovulatory(Ov-) after 
undergoing  a  lifestyle modification for a six month duration.

MATERIALS AND METHODS
SOURCE OF DATA: The study was conducted in the Department of 
Physiology, Biochemistry, Obstetrics & Gynaecology & Radio 
diagnosis, SCB Medical College,Cuttack,Odisha,India.

STUDY PERIOD: September 2013 to September 2015

STUDY DESIGN:  Prospective cohort study.
 
 In this study, 60 anovulatory obese women were recruited from those 
attending the Obstetrics and Gynaecology OPD in S.C.B Medical 
College & Hospital,Cuttack between 2013 and 2015 basing upon the 
following Inclusion criteria and exclusion criteria.

INCLUSION CRITERIA
BMI >29 kg/m2  
Infertility≥1 year, 
Age <35years

EXCLUSION CRITERIA
1.  Participant who had hormonal medications / metformin in the 

previous  3 months  
2. Abnormal serum  prolactin level
3.  Abnormal thyroid hormone levels The subjects underwent life 

style modification programme for 6 month and evaluated for 
resumption of ovulation and measured for Intra-abdominal fat at 3 
month and 6 month time.

LIFESTYLE PROGRAMME
All participants received individualized dietary advice aiming for 
reduction in calorie intake of at least 500 kilocalories/day and a total 
calorie intake within 1500 kilocalories/day. An individualized exercise 
programme was for each participant. Individual guidance consisted of 
visits every 2 weeks, during which body weight was measured.

BMI MEASUREMENT
2Body weight (kg), height (cm), BMI [weight (kg)/ (height in meters) ], 

waist circumference (Wc) was  measured at the narrowest part of the 
abdomen between the lower rib and the iliac crest.

ABDOMINAL FAT MEASUREMENT
It was measured by using ultrasonography (US) and computed 
tomography (CT).

Ultrasound was performed using PHILIPS HD-7   machine at Dept. Of 
Radio diagnosis, S.C.B.M.C.H,Cuttack,  with a 3.5 MHz convex-array 
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and 11 MHz linear- array abdominal transducer to measure IAF and 
SAF. All measurements were performed at the level of the Waist 
circumference.  IAF measurements were performed in the midline and 
the right and left longitudinal lines (10 cm to the left and right of the 
midline, respectively) in a longitudinal plane. IAF was measured as the 
distance in cm from the anterior boundary of the lumbar vertebra and 
the peritoneal boundary of the anterior abdominal wall. SAF was 
measured in the midline, in a transversal plane at the level of the Waist 
circumference, as the distance in cm from the cutaneous boundary to 
the linea alba. Measurements were done at the end of a quiet 
expiration[16]

Using CT scan few slices were taken at the level of the umbilicus for 
the measurement of the IAF and the SAF.  IAF and SAF volume was 
calculated by multiplying the IAF and SAF area of each slice with the 
slice thickness, and the mean volume of the slices was taken for 
analysis.[15] 

All measurements were performed at RDC, SCB MCH by the 16 slice 
GE Bright speed MDCT scanner.

Pregnancy was excluded before each CT scan by a urine   pregnancy 
test (UPT).

Fig.1. Abdominal ultrasound showing the intra-abdominal fat 
(IAF=VAT) and the subcutaneous abdominal fat (SAF=SAT) 
measurements.

Fig, 2. CT scan showing the intra-abdominal fat (IAF) and the 
subcutaneous abdominal fat (SAF). The lines indicate the location 
of the distance measurement of  IAF.

BIOCHEMICAL ASSESSMENT
Serum insulin was measured after an overnight fast at 0 , after 3 months 
and after 6 months of the lifestyle modification  program. 

TEST FOR OVULATION
The subjects were evaluated for ovulation by basal body temperature 
(BBT) monitoring and TAS (Trans abdominal) & TVS (trans vaginal 
ultrasound scan ) at  the end of  3 month and 6 month of life style 
modification . (TVS- in case of married females and TAS in case of 
unmarried ladies .TVS Ultrasound was performed using PHILIPS HD-
7   machine at Dept. Of Radio diagnosis, S.C.B.M.C.H, Cuttack,  with 
a 5 MHz TVS  transducer. Features of ovulation in USG are, 1. Non-
visualisation of previously visible dominant follicle and 2. Mild fluid 
in pouch of douglas.

STASTICAL ANALYSIS
At the end of the lifestyle program, the participants were divided into 
two group those who had resumed ovulation (Ov+) and those who had 
not resumed ovulation (Ov-) Between-group comparisons were 
performed using an independent samples Student’s t-test .The obtained 
data were analyzed by using a software statistical package for the 
social science (SPSS version 20). Frequency and descriptive analyses 
were used to describe   the data.  Paired samples   t-test was also used 
to differentiate between two numerical data of two phases. Any 
difference or correlation was considered significant if p value less than 
0.05 (P<0.05).

RESULTS

Sixty anovulatory obese women with PCOS were included in the 
lifestyle programme and their baseline data were recorded. During the 
first 3 months, the five women conceived and five drop-outs left the 
programme, leaving 50 participants to measure and record the data at 3 
months. Out of the 50 participants continuing the second 3 months of 
the lifestyle programme, the twenty women who resumed ovulation  
left the programme, leaving 30 participants to measure and record the 
data at 6 months.

The total group of Ov+ women lost more weight (6.7 versus 2% at 6 
months, P = 0.018,) and abdominal fat (IAF) on CT (18.5  versus 
1.04% at 3 months, P = 0.025 ) compared with the total group of Ov- 
women. At 6 month the difference was 31% in Ov+ compared to 8% in 
Ov- .

The IAF (US) had reduced in Ov+ from baseline as 5.2% at 3month 
and as 12.2% at 6 month, in comparison Ov- showed reduction as 1.7% 
at 3 moth and 3.4% at 6 month.

In Ov+ women, there was a difference in loss of SAF (CT) between 
baseline and 3 months (7 versus 0 .8%, P =0.031) compared with Ov- 
women. At 6 month the difference was 16% versus 3.2%.

SAF (US) had reduced in Ov+  from baseline as 7.7% at 3month and as 
13% at 6 month, in comparison  Ov-  showed reduction as 1.2% at 3 
moth and 2.4% at 6 month.

TABLE – 1: Baseline Parameters of 60 study subjects 

*p value < 0.05, statistically significant.

TABLE- 2: Characteristics of 50 Study subjects  divided into those 
who resumed ovulation (Ov+) and those who remained anovulatory 
(Ov- ) at the end of 3 months.

*p value < 0.05, statistically significant

TABLE- 3: Characteristics of 30 study subjects divided into those 
who resumed ovulation (ov+) and those who remained anovulatory 
(ov-) at the end of 6 month

*p value < 0.05, statistically significant

Diagram- 1: Changes in study parameters in ov+ and ov- group in 6 
month.
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CATEGORY MEASUREMENTS
Age 26.33

2BMI(kg/m ) 39.8+5.5
IAF(US)  in cm 5.7
SAF(US) in cm 7.7

WC 116±17
3IAF(CT)incm 194±57
3SAF(CT) incm 999±55

FASTING INSULIN 189(29-534)

CATEGORY Ov+)N=20 Ov-)N=30

AGE 26.9±3.0 28.5±9.4

BMI 31.8±4.2 37.9±5.2

IAF(US) in cm 5.4 5.6

SAF(US) in cm 7.1 7.6

WC 110±15 114±12
3IAF(CT) cm 158±24 192±60
3SAF(CT) cm 928±21 991±170

FASTING INSULIN 156 184

CATEGORY (Ov+) N=22 Ov-) N=8

AGE 27.89±1.9 29.1±3.2
2BMI(kg/m ) 30.3±2.1 36,8±2.4

IAF(US)cm 5.0 5.5

SAF(US)cm 6.7 7.5

WC 104±8 114±18

IAF(CT)cm3 132±18 178±92
3SAF(CT)cm 839±23 967±24

FASTING INSULIN 119 160



Diagram - 2: Changes in study parameters in ov+ and ov- group in 3 
month.

DISCUSSION
Loss of abdominal fat is associated with resumption of menstruation 
and ovulation in obese women with polycystic ovary syndrome 
(PCOS) undergoing a weight loss program.

It has been shown that resumption of ovulation in anovulatory women 
with obesity undergoing weight loss is mediated by improvement of IR 
and decrease in free androgen levels [17, 18, [10].

 Abdominal fat consists of Intra-abdominal fat (IAF) and subcutaneous 
abdominal fat (SAF). In study subjects with obesity who lost weight, 
loss of IAF had a greater beneficial effect on IR than loss of SAF [19].

Specifically loss of IAF is required for improvement of IR, decrease in 
androgen levels and resumption of ovulation[21]

In anovulatory women it is found that more than 5% loss of body 
weight is required for resumption of ovulation [1,13,17].

Similar to our one, study conducted by Huber-Buchholz et al., 1999; 
Thomson et al., 2008 indicated that loss of abdominal fat is associated 
with resumption of ovulation. 

Early and consistent loss of IAF over a 6-month period is associated 
with resumption of ovulation. Previous studies in different patient 
populations have shown that during the initial period of calorie 
restriction, preferential loss of IAF occurs which correlates signific 
antly with improvement in IR and resumption of ovulat ion[19,22]

In this study, anovulatory obese women with PCOS on resumption of 
ovulation were associated with more weight loss and loss of abdominal 
fat. Similar results were found by  Kiddy et al., 1992; Guzick et al., 
1994; Clark et al., 1995; Holte et al., 1995; Huber-Buchholz et al., 
1999.

In the present Study the Ov+ women lost 18.55% abdominal fat during 
the lifestyle program, as compared with 1.04% loss of fat at 3 month 
and 31% vs 8% at 6 month as compared with Ov- .

These results Coincide with study conducted by Walter K.H. 
Kuchenbecker, Henk Groen, Sophie J. van Asselt, Johanna H.T. 
Bolster, J. Zwerver).

In our study there was loss of IAF and improvement in IR which 
coincides with study conducted by  Caroll et al).[20]

This study shows that in anovulatory women with PCOS and obesity 
participating in a lifestyle programme, resumption of ovulation is 
associated with early and consistent loss of IAF. The most likely 
mechanism of resumption of ovulation after loss of IAF during a 
lifestyle programme is improvement of insulin resistance and lower 
free androgen levels.

CONCLUSION
1.  Life style modification and dietary management leads to loss of 

abdominal fat and weight loss significantly which positively 
affects ovulatory status of an obese PCOS woman.

2.  PCOS is a growing problem among the reproductive age group 
women and can be modified through life style and dietary changes 
could prevent impending fertility issues.

ABBREVIATION
IAF    =Intra-abdominal fat
SAF  =Subcutaneous abdominal fat
IR =Insulin resistance
USG =Ultrasound
CT = Computed tomography
Ov+ =Resumed ovulation
Ov -  =ovulation not resumed
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