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ABSTRACT
Introduction: Polycystic Ovary Syndrome (PCOS), the most common endocrinological prob-
lem among women in the reproductive age, is characterized by chronic ovulatory dysfunction, 
hyperandrogenism, and raised Luteinizing hormone : Follicle Stimulating Hormone (LH:FSH) 
ratio. Obesity and insulin resistance have been linked to PCOS. However, there is recently a 
growing population of thin, lean women who are diagnosed with PCOS. Aim: This study aimed 
to compare normal and high Body mass index (BMI) women with PCOS and to investigate 
the correlation between BMI and LH/FSH ratio. Methods: It was a case -control study at the 
Department of Obstetrics and Gynaecology, Qassim University clinic, Saudi Arabia. Wom-
en with PCOS were included in the study and were classified according to their BMI. Their 
computerized records were retrieved for the demographic, clinical, and laboratory data. The 
study groups were compared by the t-test and the Spearman correlation between BMI and 
LH/FSH ratio was calculated. Results: A total of 63 women were included in this study (nor-
mal BMI group: n=30, and high BMI group: n=33). There was no difference between the two 
groups in terms of the LH/FSH ratio (2.76 vs. 2.79, P=0.48). There was no significant correla-
tion between BMI and LH/FSH ratio, prolactin, or Thyroid stimulating hormone (TSH ) levels 
(Spearman correlation with P>0.05). Conclusion: The data suggests that the body mass index 
was not correlated with increased LH/FSH ratio. Since LH/FSH ratio was the same in normal 
BMI women, healthcare professionals need to think about ways to normalize this ratio beyond 
weight reduction.
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1. INTRODUCTION
Polycystic Ovary Syndrome (PCOS) is a heterogeneous disorder charac-

terized by chronic ovulatory dysfunction and hyperandrogenism. It is con-
sidered as the most common endocrinological problem affecting women, 
and the most prevalent cause of their menstrual irregularities during the re-
productive age. It is predicted that PCOS might affect up to 25% of women 
in their reproductive age. Excess androgen is the key hormonal problem in 
PCOS patients, which might be caused by other conditions such as obesity 
and insulin resistance, which commonly manifest with PCOS (1-3).

Theoretically, PCOS is a result of abnormal interaction between different 
behavioral, environmental, and genetic factors. The most commonly seen 
clinical picture of PCOS is: enlarged one or both ovaries, and theca cells are 
inflamed, enlarged, and secreting higher amounts of androgens than normal. 
The increased androgenic secretion is a result of enzymatic over activity, 
which is involved in steroid production. PCOS is associated with long -term 
metabolic abnormalities and cardiovascular risks like insulin resistance, dys-
lipidemia, endothelial dysfunction, and elevated serum luteinizing hormone 
(LH) levels (2, 4, 5).

Abnormality of the hypothalamic-pituitary-ovarian or adrenal axis has 
been imposed in the pathophysiology of polycystic ovarian disease. A dis-
turbance in the secretion pattern of the gonadotrophin-releasing hormone 
(GnRH) results in the relative increase in LH to FSH release (6). Ovarian 
estrogen is responsible for causing an abnormal feedback mechanism that 
caused an increase in LH release (7). Usually, in healthy women, the ratio 
between LH and FSH usually lies between 1 and 2. In polycystic ovary disease 
women, this ratio becomes reversed, and it might reach as high as 2 or 3 (8).
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As a result of raised LH/FSH ratio, ovulation does not 
occur in polycystic ovary disease patients (9). The main-
stay in the treatment of PCOS includes lifestyle modi-
fication, essentially weight loss, in addition to adjuvant 
pharmacological treatment. Drugs used to treat PCOS 
include oral contraceptives (OC), antiandrogen ther-
apy, and anti-insulin medications such as metformin, 
followed by ovulation induction with clomiphene ci-
trate (CC). It is estimated that about 25% of women 
with PCOS would have a drug resistance against CC. 
Alternatively, gonadotrophins may be used as a substi-
tute in CC-resistant (CCR) women. But unluckily, using 
gonadotrophins might have some drawbacks like being 
expensive, with a high risk of multiple pregnancies and 
ovarian hyperstimulation (10-13). PCOS is associated 
with obesity and insulin resistance. On the other hand, 
there is a growing population of thin slim women having 
PCOS as well (14).

2. AIM
This study aimed to explore the LH/FSH ratio in wom-

en with low BMI PCOS patients in comparison to wom-
en with high BMI. Women with high BMI are normally 
advised to lower the body weight to normalize the ratio 
but if this ratio is really the same in low weight women 
then we need to think of other ways to normalize it.

3. METHODS
Study design and setting
This was a retrospective case-control study conduct-

ed at the Department of Obstetrics and Gynecology, 
Qassim University clinic, Buraidah, AL Qassim, Saudi 
Arabia from September 2018 to May 2019. Statistical 
approval was taken from the local ethical committee. 
The anonymity and confidentiality of the subjects was 
followed in line with Helsinki declaration.

Inclusion criteria
The study included both married and unmarried 

women diagnosed with PCOS based on the Rotterdam 
ESHRE/ ASRM sponsored PCOS consensus criteria 
2003. Patients were diagnosed with PCOS if they have 
two confirmed criteria out of the following three a) an-
ovulation or oligomenorrhea; b) clinical or biological ev-
idence of hyperandrogenism; and c) Presence of polycys-
tic ovaries on ultrasound (15). The definitive diagnostic 
criteria of PCOS on using transvaginal ultrasound was 
around 10-12 or more ovarian follicles measuring 2-10 
mm, with a pearl necklace appearance.16

Exclusion criteria
Patients with other associated disorders as Cushing 

disease, hypothyroidism, hyperprolactinemia, adrenal 
hyperplasia, or ovarian tumors were excluded. Patients 
whose data was not available in the hospital records 
were also excluded.

Study groups
The BMI was calculated as weight (kg) divided by 

the height in meters squared (m2). Patients were clas-
sified according to their BMI into two groups; normal 
BMI group (control) includes women with BMI ≤25 kg/

m2, and high BMI group (cases) includes women with 
BMI>25 kg/m2.

Source of data
Patients’ data were retrieved from the computerized 

hospital records. Demographic features, clinical presen-
tation, and blood biochemistry was noted. Hormonal 
profile of included patients was checked for the follow-
ing measures: serum levels of LH, FSH, Prolactin, Thy-
roid stimulating hormone (TSH), Triiodothronine (T3), 
and thyroxine (T4 ) and testosterone.

Statistical analysis
Descriptive statistics were used to describe character-

istics of the two groups. Data were described as mean 
(±SD) or frequency and percentage for continuous and 
categorical variables respectively. The two groups were 
compared by the student t-test or the Mann-Whitney 
test for normally and non-normally distributed continu-
ous variables, respectively. The comparison between the 
two groups in terms of categorical variables was done by 
the chi-square test. Correlation analysis was done be-
tween the LH, FSH, LH/FSH ratio, prolactin, TSH, and 
BMI by using the Pearson correlation coefficient (r). A P 
value of <0.05 was considered for statistical significance. 
All analyses were conducted by the Statistical Package 
for Social Science, SPSS for Windows, version 23.

4. RESULTS
Characteristics of the Study Population
The study included 63 women who were diagnosed 

with PCOS according to Rotterdam ESHRE/ ASRM 
sponsored PCOS consensus criteria (normal BMI 
group: n=30, and high BMI group: n=33).was 25.6 (±7.4) 

Figure 1. distribution of clinical presentation of patients

 Figure 2. BMI in relation to marital status of both groups
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years for the high BMI group and 24.8 (±5) years for the 
normal BMI group. The mean BMI was 30.3 (±4.4) kg/
m2 for the high BMI group and 21.5 kg/m2 (±1.8) for the 
normal BMI group. Table 1 shows the characteristics of 
the study groups.

Regarding the occupation, most of the women were 
students or housewives, and a minority of women in 
both groups had jobs. More women were unmarried in 
the high BMI group, while nearly equal married and un-
married women were present in the normal BMI group. 
Undergraduates were highly represented in the study, 
as well as postgraduates. Most of the patients present-
ed with oligomenorrhea, amenorrhea, or a combination 
of multiple PCOS characteristic symptoms. The marital 
status and the clinical presentation of the study groups 
are shown in Figure 1 and Figure 2.

Comparison of the presenting symptoms between 
the study groups

There was no statistically significant association be-
tween the BMI group and the clinical presentation of 
the study participants (chi-square=6.4, df=6, P=0.37). 
The frequency of the presenting symptom in the study 
groups are shown in Figure 3.

Comparison of hormone levels between the study 
groups

Both groups had comparable serum LH level, FSH 
level, LH/FSH ratio, prolactin level, testosterone, and 
TSH level. However, patients in the high BMI group 
had significantly lower serum levels of T4 compared to 
the normal BMI group (1.18 vs. 1.26 mIU/L; P=0.049). 
Serum testosterone level was higher in the high BMI 
group compared with the normal BMI group (0.54 vs. 
0.38 ng/ml, P=0.044). The LH/FSH ratio was 2.67 in the 
high BMI group and 2.75 in the normal BMI group. The 
percentage of women with LH/FSH ratio > 2 was not 
statistically different between the two groups. The com-
parison between the two groups in terms of biochemical 
analysis results is shown in Table 1.

Correlation between BMI and hormonal assays
The Spearman correlation coefficient between the 

BMI and LH/FSH ratio was r=0.09 (P=0.44). A scatter 
plot of the correlation between BMI and LH/FSH ratio 
is shown in Figure 4. The BMI did not significantly cor-
relate with any other serum hormone levels including 
the LH, FSH, prolactin, or TSH (all P>0.05).

5. DISCUSSION
The results have shown that both normal BMI group 

and high BMI group had comparable LH/FSH ratio. In 
addition, study showed no significant correlation be-
tween the BMI and the LH/FSH ratio in the studied 
population.

The normal gonadotrophin axis is disturbed in PCOS 
women, therefore LH levels increase, and FSH levels de-
crease, leading to a reversal of LH/FSH ratio (16). The 
results are not concordant with the study of Lal et al. 
(17) who found significant differences between obese 
and non-obese women regarding LH, FSH, and LH/FSH 
ratio. Upon these findings, they advised obese women 
who shared in the study to try to lose weight and change 
their lifestyle.

A study by Alnakash et al. (18) has found no signif-
icant statistical correlation between BMI and LH/FSH 
Ratio (18). Kiddy et al. (19) found a negative correlation 
between BMI and FSH levels in obese women and found 

Figure 3. distribution of clinical presentations in both groups

Figure 4. Correlation coefficient between BMI and FSH:LH

Variable

High BMI 
group

Normal BMI 
group P value†

(n=33) (n=30)

Age (year) 25.6 ± 7.4 24.8 ± 5.1 0.63

Height (cm) 159.5 ± 5.5 159.6 ± 6.5 0.96

Weight (kg) 77.1 ± 13.5 57.9 ± 12.9 <0.0001*

BMI (kg/m2) 30.3 ± 4.3 21.5 ± 1.7 < 0.0001*

LH (IU/litre) 10.8 ± 4.3 10.85 ± 5.08 0.48

FSH (IU/litre) 4.46 ± 2.3 5.0 ± 4.0 0.53

LH/FSH Ratio 2.79 ± 1.4 2.76 ± 1.52 0.48

LH/FSH Ratio >2 26 (79%) 22 (73%)
0.6

LH/FSH Ratio ≤ 2 7 (21%) 8 (27%)

Prolactin (ng/ml) 30.45 ± 22.7 25.54 ± 15.5 0.99

TSH (mIU/L) 2.67 ± 1.38 2.75 ± 1.6 0.93

T4 (mIU/L) 1.18 ± 0.035 1.26 ± 0.01 0.049*

Testosterone (ng/ml) 0.54 ± 0.18 0.38 ± 0.06 0.044*

Data are presented as mean ± SD or n (%); †Mann-Whitney test or t-test 
for continuous variables and chi-square test for categorical variables; * 
statistically significant

Table 1. The characteristics of the study population
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hirsutism to be more present in obese than thin women 
(19). Nonetheless, our study failed to show any signifi-
cant correlation between BMI and the serum hormone 
levels of PCOS women including LH, FSH, and LH/FSH 
ratio.

Obesity, insulin resistance, and dyslipidemia are 
PCOS-related morbidities and were found to be cor-
related with the LH/FSH ratio in a nationally represen-
tative sample of post-menopausal women in the USA 
(20). A study on 175 PCOS women in Iran showed that 
compared with non-obese women, obese PCOS women 
had higher odds of having a sonographic view of their 
polycystic ovaries using ultrasound examination (21).

Results of this study could be explained by the relative-
ly small sample size compared to previous studies. It is 
also possible that geographical or dietary variations play 
a role in the hormonal levels of PCOS women. Future 
research into the risk factors of PCOS in Saudi women 
is needed. I used a BMI cut off value of 25 kg/m2 which 
is different from some previous studies that considered 
the overweight population (BMI 25 to 29.9 kg/m2) to be 
classified in the normal BMI group.

The significant findings in this study were the slight 
differences between the study groups in terms of the T4 
and testosterone levels (P>0.05). Although the TSH as 
well as T4 levels were within the normal laboratory ref-
erence (TSH 0.4-4miu/Land T4 0.4-5miu/L). T4 levels 
were lower in the high BMI group compared with the 
normal BMI group, while testosterone levels were sig-
nificantly higher in the high BMI group compared with 
the normal BMI group. Similar findings were reported 
by Yuan et al. (22) who found that PCOS women with 
high BMI have excess androgens (22). The relationship 
between thyroid functions and PCOS has been found 
in recent studies (23, 24). This study expands this by 
reporting lower T4 levels in PCOS women with high 
BMI compared to those with normal BMI level. If we 
assume that PCOS in high BMI women was associated 
with obesity, the higher T4 level in normal BMI women 
might indicate that normal BMI women develop PCOS 
in a different way independent from obesity and thyroid 
activity. This might be related to presence of autoanti-
bodies against thyroid gland and we should further in-
vestigate these women for autoimmune conditions. This 
aspect needs to be further researched and the findings of 
this study open doors for such aspect to be researched 
in future.

Nonetheless, this study is limited by the relatively small 
sample size of the population owing to the relatively less 
PCOS patients attending at our clinic. The study was not 
powered to follow up patients for several years to exam-
ine the role of hormonal changes and BMI in the rever-
sal of LH/FSH ratio. Future well-designed studies with 
larger sample size and long term follow up are needed to 
understand the nature of interaction between the BMI 
and the hormonal levels in PCOS women.

6. CONCLUSION
The data suggest that the body mass index was not 

correlated with increased LH/FSH ratio. Since LH/FSH 

ratio was the same in normal and high BMI women This 
finding has an important implication for clinical prac-
tice and future research. Weight loss is usually advisable 
for women with PCOS. However, my findings showed 
that normal BMI women with PCOS already have hor-
monal imbalances and an LH/FSH ratio comparable to 
that of the high BMI women. This finding implies that 
healthcare professionals should to rethink about ways to 
normalize LH/FSH ratio other than weight loss. Simi-
larly, researchers should investigate the pathogenesis of 
PCOS in normal BMI women and whether the clinical 
presentation and clinical treatment would differ based 
on the BMI.
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