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Abstract: Background: Obesity, overweight and elevated BMI are clinical features of PCOS, and between 40-80% 
of women with PCOS are reported to be overweight or obese. This study aimed to categorize values of patient 
anthropometric variables such as BMI with change in follicular sizes as determined by sonography following post- 
CLOMID inducement therapy.  
 
Materials and Methods: This was an experimental cohort study carried out in some selected hospitals in Anambra 
State, Nigeria, from June 2018 to May 2022.Convenient sampling technique was adopted to select the subjects 
based on the inclusion criteria, which were women of child bearing age (18 to 45 years) for both groups. 
Confirmation of patients with PCOS was ascertained with the presence of polycystic ovaries in ultrasound. The 
ultrasound examinations and anthropometry measurements were carried out on each subject, and data such as BMI, 
follicular sizes before and post treatment were recorded. The obtained data were subjected to SPSS analysis using 
both descriptive and inferential statistical tools.  
 
Results: The mean values of the BMI of the participants in the experimental group before and after treatment with 
clomid were 25.69±5.99 kg/m2, 25.92±5.55 kg/m2 respectively, while the mean BMI value for the control group 
was 23.09±3.41 kg/m2.There were no statistically significant differences in body mass index, and maximal follicular 
size in women with failed and successful ovulation in the experimental group before treatment (p>0.05). There were 
statistically significant mean differences in the BMI (t= 8.75, p = 0.001) and follicular size (t= 2.04, p = 0.04) of 
participants in the experimental group after treatment with clomid. There were statistically significant mean 
differences in the BMI (t= 2.41, p = 0.02) and follicular size (t= 4.88, p = 0.001) of participants in the control group 
after treatment with clomid. 
 
Conclusion: There was higher ovulation failure rate among the overweight and obese subjects in both the 
experimental and control groups. Also significant increase in mean follicular sizes after clomid inducement in the 
experimental group was noted. Body mass index has significant negative impacts on ovulation. 
 
Keywords: Body mass index, follicular size, ovaluation, polycystic ovary. 

INTRODUCTION 
 
Polycystic ovary syndrome (PCOS) is the most common cause of anovulatory infertility [1,2]. It is a heterogeneous 
disorder, associated with amenorrhea, infertility, variable levels of hirsutism and obesity in the presence of bilateral 
enlarged ovaries. The reported prevalence of PCOS ranges from 2.2% to 26% in various countries, depending on 
the recruitment process of the study population, the criteria used for its definition, and the method used to define 
each criterion [3]. However two studies in Nigeria reported the prevalence of PCOS as 18.1% and 12.2% 
respectively, but these studies were based on the Rotterdam criteria [3]. 
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Obesity, overweight and elevated BMI are clinical features of PCOS and between 40-80% of women with PCOS are 
reported to be overweight or obese [4,5]. Increased accumulation of central fat among women with PCOS was also 
reported by Dumesic et al [6]. Prolonged exposure to high testosterone level in women with PCOS may modify 
body fat distribution in this woman [7]. Body mass index  (BMI) is a measure of body fat based on height and 
weight, expressed in Kg/m2 .Studies have shown that BMI levels correlate with body fat and future health risks [8]. 
It is an appropriate measure for screening for obesity and its health risks. Elevated body mass index (BMI), 
increased concentration of serum androgens and insulin are the major features of polycystic ovarian syndrome 
(PCOS). They cause ovulation failure by suppressing folliculogenesses.  
 
To the best of the authors’ knowledge, there is no study that evaluates the role of obesity on follicular growth in 
PCOS patients following clomid inducement therapy in our setting. This study sought to match or categorized 
values of patient anthropometric variables such as BMI with change in follicular sizes as determined by sonography 
following post- CLOMID inducement therapy.  
 
MATERIALS AND METHODS 
 
This was an experimental cohort study carried out in the Obstetrics and Gynecology Department of General 
Hospital, Onitsha, and other selected hospitals in Anambra State, Nigeria from June 2018 to May 2021. The study 
population was made up of all fertility challenged women due to polycystic ovarian syndrome, who were undergoing 
treatment and women with no history of reproductive or thyroid hormone insufficiency at the aforementioned 
selected hospitals during the period of this study. A total sample size of 100 was determined using the formula for a 
finite population described by Taro Yemani (1967) as cited by Colditz et al [9] was used as shown bellow. 
 
n= N/1+N (e)2, Where n= Minimum sample size, N= Population under study, e= Error margin, which may have 
values (010, 0.05, or 0.01), Whereas N= 2000 (The population for the two years under consideration), Using error 
margin, e= 0.10,  and n =   93.5 and this was increased to 100 in order to increase the validity of the study. 
 
 After obtaining ethical approvals for this study from the Human Research and Ethical Committees of both 
Anambra State Ministry of Health, Awka (MH/AWK/M/321/390)  a convenient sampling technique was adopted 
to select the subjects based on the inclusion criteria, which were women of child bearing age (18 to 45 years) for 
both groups .The experimental group include only subjects with PCOS  whereas the control group include subjects 
with no history of reproductive and thyroid hormone abnormality. Subjects with reproductive hormone abnormality 
and history of hysterectomy/oophorectomy were excluded from this study. Confirmation of patients with PCOS 
was ascertained with the presence of polycystic ovaries in ultrasound [10]. 
 
The weight of each subject was measured with a Hana standard recalibrated weighing balance that weighs between 
0-120Kg. To do this, the weighing balance was placed on a plane ground and the subjects were made to stand on it 
in Frank fort’s position. Before the measurement, subjects were instructed to remove all heavy objects such as bags 
and shoes. Height of each subject, in meter was measured using a standard metre rule with subject in Frank fort 
position and bare footed. The body mass index (BMI) values were later derived from the weight and height 
measurement with formula of BMI= weight (Kg)/ height (m2). 
 
The ultrasound examinations were performed by the researchers using standard scanning techniques as described by 
Sanders [11] on ultrasound scanner (Mindray-DCN3, Mindray Electronic Instrument Company Limited, Jiangsu, 
China, 2014) with adjustable frequency between 6 -10MHz. Measurement of follicular size was made by taking two 
orthogonal diameters (d1 and d2) at the largest follicle plane on real-time 2D image of the follicle that will be 
obtained. This was determined by placing calipers at the inner follicle borders. Each 2D follicular diameter was 
examined two times consecutively during the examination and the mean follicular diameter obtained. Mean 
follicular diameter was obtained using the formula, d1+d2/2. The average value from three measurements for each 
follicle was used for statistical analysis [12].      
 
Statistical analysis was carried out using the Statistical Package for social sciences Version 22.0 (SPSS Inc., Chicago 
Illionis).  Mean distribution for the age, BMI and follicular sizes   of the test and control groups were presented in 
tables. Independent t-test was used to compare the BMI and maximal follicular size between women with polycystic 
ovary before clomid treatment and healthy control. Chi-square test was used to determining the differences in 
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distribution of women with polycystic ovary before clomid treatment and healthy control across different categories 
of body mass index, and maximal follicular size. 
 
RESULTS: 
 
The mean values of the BMI of the participants in the experimental group before and after treatment with clomid 
were 25.69±5.99 kg/m2, 25.92±5.55 kg/m2 respectively, while the mean BMI value for the control group was 
23.09±3.41 kg/m2(Table 1). 
 
There were statistically significant mean differences in the follicular size across the various BMI classes in the 
experimental group before ( F= 2.094, p= 0.11) and after (F=1.39, p= 0.25) treatment and in the control  group 
(F=2.15, p= 0.10)(Table 2). 
 
There were no statistically significant differences in body mass index, and maximal follicular size in women with 
failed and successful ovulation in the experimental group before treatment (p>0.05). Nevertheless, those with 
successful ovulation had significantly lower body mass index (24.66±7.20kg/m2). The mean values of the BMI 
(30.90±3.14kg/m2) and follicular size (27.91±5.10kg/m2) of those with failed ovulation in the experimental group 
after treatment were higher than that of those with successful ovulation. There were statistically significant mean 
differences in the BMI (t= 8.75, p = 0.001) and follicular size (t= 2.04, p = 0.04) of participants in the experimental 
group after treatment with clomid (Table 3). In the control group, those with failed ovulation had mean BMI and 
follicular size of 25.64±6.57kg/m2 and 30.56±23.74kg/m2 respectively. There were statistically significant mean 
differences in the BMI (t= 2.41, p = 0.02) and follicular size (t= 4.88, p = 0.001) of participants in the control group 
after treatment with clomid (Table 3). 
 
Table 1. Mean values of body mass index of women with polycystic ovary and healthy control 
 

Variable       Mean±SD     

     Before clomid  After clomid  Control  

 
Body mass index (kg/m2)  25.69±5.99  25.92±5.55  23.09±3.41 

   

 
Table 2: Analysis of Variance comparing follicular sizes at ovulation among test (before and after 
treatment) and control group with different body mass indices 
 

Group   Class   follicular size   F  P 

      Mean±SD  

Test (before)  Underweight  25.00    2.094  0.11 
  ` Normal weight 20.96±8.74 
   Overweight  24.72±8.26 

Obese   25.88±9.41 
 
Test (after)  Underweight  27.00    1.39  0.25 
  ` Normal weight 25.59±4.89 
   Overweight  27.44±4.66 

Obese   27.68±4.85 
 
Control  Underweight  25.00    2.15  0.10 
  ` Normal weight 24.64±4.53 
   Overweight  22.17±3.00 

Obese   26.80±5.85 
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Table 3: Body mass index and maximal follicular size of women with and without polycystic ovary who 
had successful and failed ovulation  

 

Variable        Mean±SD    T  P  

    Failure  Success 

Women with polycystic ovary before clomid treatment 
Body mass index  26.39±4.77  24.66±7.20  1.39  0.17 
Max. Follicular size  23.38±10.26  22.59±3.52  0.39  0.70  
Women with polycystic ovary after clomid treatment 
Body mass index  30.90±3.14  23.24±4.63  8.75  0.001*  
Max. Follicular size  27.91±5.10  25.86±4.59  2.04  0.04* 
    
Control Group 
Body mass index  25.64±6.57  22.84±2.87  2.41  0.02* 
 

Max. Follicular size  30.56±23.74  23.74±3.65  4.88  0.001*  

 
DISCUSSION  
 
Polycystic ovarian syndrome is the most common endocrine disorder responsible for subfertility among the young 
adult [2]. The prevalence of PCOS is increasing and as high as 15-20[13]. Safe and effective ovulation induction is 
important for women with WHO group II anovulation and Clomiphene citrate has been used for ovulation 
induction since 1960s[14]. In this study, women with PCOS had significantly higher BMI than their healthy 
counterpart (control group). This finding is in harmony with the findings of the studies carried out by Dumesic et 
al[6], Al-Shattawi et al[15] and Doh et al [16] ,which also reported high BMI among subjects with PCOS. According 
to Doh et al[16], they hypothesized that PCOS and obesity act synergistically and independently resulting in insulin 
resistance (IR). In Dumesic et al [6] study, they noted that dual-energy X-ray absorptiometry have revealed increased 
accumulation of central fat in women with PCOS. 
 
Findings from this study also showed no statistically significant difference in follicular size between individuals 
across different body mass indices in any of the groups (test group before and after treatment and control group, 
indicating that BMI had no significant influence whatsoever in the follicular size of the groups. This is further 
supports a previous work that concluded that oocyte recovery rate from follicles >15mm is unrelated to patient’s 
BMI [17]. Those with successful ovulation had significantly lower BMI in the experimental group and this is also 
similar with that of the control group in this study. This reduction in BMI in both the women that underwent 
clomiphene citrate treatment and control group with successful ovulation explains the finding from a previous study 
that obese women with PCOS are more likely than thin women with PCOS to suffer from anovulation[18].  
Popova et al [19], found that lean women with PCOS treated with metformin had menstrual function (55%) and 
ovulation (45%) restored more often than obese women with PCOS (only one patient (7%) responded to the 
treatment), P = 0.018. There was no change in BMI and waist circumference in both groups. They concluded that 
treatment with metformin 1700 mg daily was more effective in lean than in obese women with PCOS. Its efficacy 
was independent of the initial surrogate markers of resistance to insulin [19].  
 
There were no statistically significant differences in body mass index, and maximal follicular size in women with 
failed and successful ovulation in the experimental group before treatment (p>0.05). Nevertheless, those with 
successful ovulation had significantly lower body mass index .Those with failed ovulation in the experimental group 
after treatment had higher BMI than those with successful ovulation in the same group. There were statistically 
significant mean differences in the BMI and follicular size of participants in the experimental group after treatment 
with clomid. In the control group, those with failed ovulation had higher mean values of BMI and follicular size 
when compared with those with successful ovulation in the same group. There were statistically significant mean 
differences in the BMI and follicular size of participants in the control group after treatment with clomid. This 
reduced BMI in this present study may necessarily not be due to clomiphene citrate treatment but rather those with 
lower BMI had successful ovulation after using clomiphene citrate seeing that the control group had successful 
ovulation with low BMI. This entails successful ovulation could be dependent on low BMI. This is further 
supported by a previous study where increased body mass index was seen to be associated with ovulatory 
subfertility and anovulatory infertility [20]. Another study was conducted to compare the ovulation and pregnancy 
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rates in response to metformin therapy in lean and obese women with PCOS. Comparison between lean and obese 
women was found to be statistically significant. Metformin monotherapy is very effective in improving the 
ovulation and pregnancy rates in lean women with PCOS as compared with obese women [21]. Though this present 
study use clomiphene citrate and not metformin but both clomiphene citrate and metformin are considered first line 
of treatment for PCOS and sometimes they are used together hence a previous study concluded that overweight 
women with PCOS are less likely to respond to the pharmacological induction of ovulation [18].  
 
CONCLUSION 
 
There was higher ovulation failure among the overweight and obese subjects in both the experimental and control 
groups and also significant increase in mean follicular sizes after clomid inducement in the experimental group. 
Therefore, we concluded that BMI has significant negative impacts on ovulation. 
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