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Objective: The objective of this study is to measure levels of Vitamin D3 and 
leptin and assess their relation of each to the pathogenesis of polycystic ovary 
syndrome (PCOS). Design: This was a cohort observational study. Settings: This 
study was conducted at the Department of Obstetrics and Gynecology, Tanta 
University. Materials and Methods: Ninety lean women were enrolled in 
this study and were allocated into two groups with 45 patients in each group: 
the first group (study group) who are lean women with PCOS and the second 
group (control group) who are the lean infertile patients without PCOS. Blood 
samples were collected and tested for study parameters. Results: There were no 
significant differences regarding demographic characteristics between both groups. 
The differences were in ovarian volume and hormonal profiles. Serum leptin was 
found to be significantly increased in lean PCOS than in control groups. Vitamin 
D3 levels were found to be lower in the lean PCOS group than in control group. 
Conclusion: Lean PCOS women are a unique group with specific hormonal 
profiles different from the typical PCOS profiles. Leptin and Vitamin D3 may 
have a role in the pathogenesis of lean PCOS, but large studies are still required 
regarding this unique group.
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resistance (IR) and diabetes mellitus. Hypovitaminosis 
D was investigated in PCOS patients, and the results 
suggest that Vitamin D deficiency had a role of in the 
pathogenesis of PCOS.[3] Obese PCOS patients have 
been tested for Vitamin D level and shown to have lower 
serum levels of 25‑hydroxyvitamin D than nonobese 
women with PCOS. The mechanism by which Vitamin 
D deficiency causes PCOS was suggested to be through 
the development of IR and impaired glucose tolerance in 
PCOS patients. However, results of studies in this point 
are conflicting about Vitamin D deficiency as a causative 
factor for IR or as a consequence of obesity in PCOS 
patients.[4,5] Hypovitaminosis D has been reported in 
lean PCOS women, who are reported to be less insulin 
resistant than PCOS obese patients.[6]

Introduction

Polycystic ovary syndrome (PCOS) is a state of 
polyendocrinopathy affecting 5%–10% of patients 

in childbearing period and occurs in about 45% of 
infertility cases. Polycystic ovaries are associated with 
hyperandrogenemia, especially testosterone, caused by 
either high luteinizing hormone (LH) produced by the 
anterior pituitary gland or due to hyperinsulinemia.[1]

The great majority of PCOS cases are 
obese (60%–65%), and the severity of PCOS 
symptoms is correlated to obesity. Aromatase enzyme 
present in adipose tissue converts androstenedione to 
estrone and testosterone to estradiol, so excess fatty 
tissue in obese women leads to excess androgens 
(which are responsible for hirsutism and virilization) and 
hyperestrogenemia (which inhibits follicle‑stimulating 
hormone [FSH] through negative feedback).[2]

Recent studies focused on the role of hypovitaminosis D 
in the pathogenesis of metabolic disorders such as insulin 
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Leptin is a hormone derived from an adipocytes 
encoded by “ob” gene that signals the energy magnitude 
to the brain and recently has an important effects on 
the reproductive functions of rodents. Circulating 
leptin levels are directly correlated to obesity, which is 
frequently associated with PCOS. Hyperinsulinemia and 
IR are often linked to leptin and its receptors. However, 
the relationship between leptin, gonadotropins, and 
insulin in PCOS is still not understood.[7]

In the current study, Vitamin D3 and leptin levels in 
lean infertile patients with PCOS were measured and 
compared to normal controls.

Materials and Methods
Study design and settings
This study is a cohort observational study that was 
conducted at the Department of Obstetrics and 
Gynecology, Tanta University in the period from March 
1, 2016, to February 28, 2017.

Eligibility
The study was carried on 90 women in the reproductive 
age recruited from fertility unit and outpatient clinic 
of  Department of Obstetrics and Gynecology, Tanta 
University The inclusion criteria were as follows: 
(i) age from 18 to 35 years; (ii) PCOS diagnosed 
according to Rotterdam criteria[8] indicating PCOS 
to be present if any 2 out of 3 criteria are met from 
the following: (1) oligoovulation and/or anovulation, 
(2) excess androgen activity (clinical or biochemical), 
(3) polycystic ovaries (by ultrasound); (iii) body mass 
index (BMI) <25; and (iv) infertile patients either 
primary or secondary infertility. The exclusion criteria 
were as follows: (i) obese women with BMI ≥25, 
(ii) other endocrinological disorders as thyroid or adrenal 
dysfunctions, (iii) pregnant women, (iv) patients with 
chronic diseases such as hepatic or renal diseases and 
cancers, and (v) patients with history of ovarian surgery.

Allocations
Patients were allocated into two groups: study 
group (n = 45) – lean PCOS patients and control 
group (n = 45) – healthy infertile patients with no PCOS.

Hormonal assays
Morning venous blood samples were obtained between 8 
and 10 am after 8–12 h overnight fasting and between the 
3rd and 5th day of a spontaneous or progesterone‑induced 
menstrual cycle.

The hormones measured in this study were 
pituitary hormones: LH, FSH, thyroid‑stimulating 
hormone (TSH), and prolactin; ovarian hormones: 
estrogen; adrenal hormones: testosterone and 

dehydroepiandrosterone sulfate (DHEA‑S); and the study 
parameters such as serum leptin and Vitamin D3 levels. 
Fasting blood sugar sample and other samples were sent 
immediately to Tanta University central laboratory for 
measuring hormonal assays.

Data acquisition
Demographic characteristics, type and duration of 
infertility were obtained. Pelvic ultrasonography was 
done for all patients. Hormonal levels were acquired and 
registered for all cases.

Ethical approval
All patients were informed about study aims and 
the ethics committee of Faculty of Medicine, Tanta 
University approved this study on April 1, 2016, and 
given this study the code of 30895/4//16.

Statistical methods
Data were analyzed using SPSS Software 
version 18 (IBM Inc., Chicago, IL, USA). Results 
were expressed as mean ± standard deviation. The 
student t‑test was used to compare continuous variables. 
P < 0.05 was considered statistically significant.

Results
The demographic characteristics of enrolled patients 
were demonstrated in Table 1. There was no significant 
difference regarding age, gravidity, duration, or type 
of infertility in both groups. The majority of cases 
were nonoccupied of high educational levels and from 
rural areas. The differences were in ovarian volume 
with increase in in PCOS group than in control 
group (P < 0.0001) as shown in Table 1.

The hormonal profiles of enrolled patients were 
demonstrated in Table 2. The FSH, LH, and 
FSH/LH ratio were higher in the PCOS group. Similarly, 
testosterone and estradiol levels were found to be 
higher in PCOS group than in control group. DHEA‑S, 
prolactin, and TSH levels were not significantly different 
in both groups. Leptin levels in study and control groups 
were 17.19 ± 0.90 and 16.87 ± 0.23 ng/ml, respectively. 
Leptin levels were significantly increased in PCOS than 
in control groups (P = 0.0232). The Vitamin D3 levels 
were 10.34 ± 0.80 and 18.3 ± 0.14 ng/ml in study 
and control groups, respectively. Vitamin D3 levels 
were found to be lower in PCOS group rather than in 
control group (P < 0.0001). Glucose levels were not 
significantly different in both groups denoting absent IR 
in lean PCOS patients.

Discussion
PCOS is recognized as the most common endocrine 
disorder of reproductive‑aged women around the world. 
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PCOS affects approximately 4%–12% of women in their 
reproductive age. It is a leading cause of infertility and 
other metabolic disorders. Most patients with PCOS 
are obese with typical IR and hormonal abnormalities. 
Lean patients with PCOS are unique group with special 
characteristics regarding IR, hormonal profile, and 
management.[9]

In the current study, lean PCOS patients were compared 
to matched lean infertile patients without PCOS where 
most demographic characteristics were not significantly 
different in both groups except for ovarian volume 
as shown in Table 1. Typical hormonal profiles were 
observed in the PCOS group regarding FSH, LH, 

elevated LH/FSH ratio, and testosterone. The hormones 
that were not significantly increased in lean PCOS group 
were estradiol, DHEA‑S, prolactin, and TSH. Leptin 
was found to be significantly increased in PCOS group 
than in non‑PCOS, denoting that it may has a role in 
pathogenesis of the disease in lean patients. On the 
contrary, Vitamin D3 levels were found to be lower in 
lean PCOS group. Glucose levels were not significantly 
increased in lean PCOS group than in control group as 
shown in Table 2.

A study by Carmina et al. (2009) found that patients 
with PCOS have an increase in lean mass that is 
highly associated with hyperinsulinemia and altered 
fat parameters and less so with androgen. IR and 
hyperinsulinemia are present in up to 65% of obese 
women with PCOS and in up to 20% of lean women 
with PCOS. In the current study glucose levels were not 
increased in the lean PCOS denoting absence of IR.[10]

Rizk et al. (2015) conducted a study to assess the 
concentrations of the leptin and its receptors in PCOS and 
its relation to adiposity, IR, and androgens. They found 
that PCOS is associated with increased leptin levels 
denoting the role of leptin in the pathogenesis of PCOS. 
They found also that leptin is not significantly increased 
in lean PCOS patients if compared to lean non‑PCOS 
patients.[11] Similarly, Olszanecka‑Glinianowicz 
et al. (2013) demonstrated higher leptin levels in PCOS 
patients compared with age‑ and BMI‑matched control 
group. Furthermore, they observed more elevated leptin 
in obese patients than in lean PCOS patients.[12] On the 
contrary, other studies showed no significant difference 
of leptin between patients with and without PCOS.[13,14]

Dagogo‑Jack et al. (1996) in their study found that 
circulating leptin levels are not affected by glucose 
levels or hyperinsulinemia. They concluded that insulin 
is nonstimulating leptin secretion in humans and that 
increased leptin levels in obese individuals are not due 
to hyperinsulinemia.[15]

On the other hand, Saleh et al. (2004) found that leptin 
levels differ in obese than in nonobese patients. They 
concluded that leptin plays an important role in in the 
pathogenesis of obesity related IR and perhaps in the 
ovarian dysfunction found in PCOS.[16]

The other parameter in this study is the Vitamin D3 
levels, where levels of Vitamin D3 were found to be 
lower in lean PCOS than in control group (P < 0.0001). 
Similarly, Sahin et al. (2014) conducted a study to 
investigate the correlation between IR and serum 
Vitamin D3 concentrations and hormonal parameters in 
lean women with PCOS. They found that Vitamin D 
deficiency is not implicated in pathogenesis of PCOS 

Table 1: Demographic characteristics of enrolled 
patients

Parameters Lean PCO 
(n=45)

Control 
group (n=45)

P

Age (years)* 26.78±3.45 27.03±3.21 0.722
Gravidity* 0.611±0.63 0.687±0.62 0.566
BMI (Kg/m2)‎* 21.81±1.20 22.07±1.90 0.439
Duration of 
infertility (years)*

2.13±0.81 2.19±0.42 0.660

Infertility**
Primary
Secondary

34 (75.56%)
11 (24.44%)

32 (71.11%)
13 (28.89%)

0.635

Ovarian volume* 11.48±1.07 4.77±0.55 <0.0001*
Occupation**

Occupied
Not occupied

12 (26.67%)
33 (73.33%)

15 (33.33%)
30 (66.67%)

0.493

Residence**
Urban
Rural

15 (33.33%)
30 (66.67%)

13 (28.89%)
32 (71.11%)

0.651

Educational level**
Low
High

19 (42.22%)
26 (57.78%)

16 (35.56%)
29 (64.44%)

0.519

*Data analysed by mean±SD. **Data analysed by number and 
percentage

Table 2: Hormonal profiles of enrolled patients
Parameter Lean PCO 

(n=45)
Control 

group (n=45)
P

FSH (IU/L) 6.94±2.51 5.60±0.33 0.006*
LH (IU/L) 12.83±0.40 5.99±0.50 <0.001*
LH/FSH 1.85±0.28 1.07±0.22 <0.001*
Prolactin (ng/ml) 19.77±2.41 18.86±2.50 0.082
TSH (mIU/L) 3.12±1.40 2.77±0.93 0.166
Estradiol (pg/mL) 47.17±8.86 45.11±0.05 0.122
Testosterone (ng/mL) 1.04±0.01 0.35±0.03 <0.001*
DHEA‑S (µg/ml) 221±18.56 227±20.04 0.144
Vitamin D3 (ng/mL) 10.34±0.80 18.3±0.14 <0.001*
Leptin (ng/mL) 17.19±0.90 16.87±0.23 0.023*
Fasting Glucose levels 89.72±3.12 91.01±4.01 0.097
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in lean women. They also correlated IR to intrinsic 
mechanisms and genetic predisposition in lean PCOS 
patients.[17]

On the other hand, Hahn et al. (2006) found that levels 
of Vitamin D3 are significantly higher in lean women 
than in obese ones. They concluded that low levels of 
Vitamin D3 in PCOS women are associated with obesity 
and IR but not with PCOS per se. Similar results were 
obtained by Wehr et al. (2009).[18,19]

Controversy is still present on the value of 
Vitamin D3 supplementation and its effect in improving 
ovulation in women with PCOS.[20] A study by Rashidi 
et al. (2009) found that administration of Vitamin D and 
calcium in addition to metformin in women with PCOS 
may have beneficial effects on menstrual regularity and 
ovulation.[21] On the other hand, Garg et al. (2015) found 
that Vitamin D3 supplementation had no significant 
beneficial effect on insulin kinetics and cardiovascular 
risk factors among women with PCOS treated with 
metformin.[22]

The debate is still present whether levels of Vitamin D3 
is increased or decreased in lean and obese women with 
PCOS. This was stated by Thomson et al. (2012) in their 
review study where they stated that the available data 
are insufficient to identify the basis of the difference in 
Vitamin D status between lean and obese women with 
PCOS.[23]

Conclusion
Lean PCOS patients are a unique group with specific 
hormonal profile than typical profiles of PCOS. In lean 
PCOS, leptin levels were increased and Vitamin D3 
levels were decreased if compared to healthy controls. 
The role of leptin and Vitamin D3 in the pathogenesis of 
PCOS needs to be reinvestigated by larger studies.
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