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Introduction

One of the common endocrine disorders is polycystic 
ovarian syndrome (PCOS) with worldwide prevalence 
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Abstract | Polycystic ovarian syndrome (PCOS) is among the common endocrine disorders in 
childbearing aged females. This study is designed to compare a few anthropometric, hematological, 
and biochemical parameters in PCOS patients with that of normal females including correlation 
between interleukin-3 and blood cell count. Patients with PCOS and normal healthy females (n=60) 
of same age group were included in this study following Rotterdam ESHRE/ASRM criteria. The 
parameters evaluated were; white and red blood cells and platelets figure, lymphocytes, neutrophils, 
monocytes and eosinophils percentage and serum level of luteinizing hormone, follicle stimulating 
hormone and interleukin-3 in both groups. Two tailed, independent t-test and Pearson co-relation 
was applied to analyze hematological and biochemical parameters while anthropometric parameters 
like weight and height were compared as percentages. Results of current study showed that body 
mass index was significantly (P<0.05) elevated in PCOS patients when compared with BMI of 
control females. Number of successful pregnancies were noticed to be significantly (P<0.001) 
increased in control females. Percentage of infertile, hirsute and acne patients was higher in PCOS 
group, while serum interleukin-3 level was significantly (P<0.05) lower in PCOS patients than 
healthy participants. WBC count (P<0.01) and neutrophils % age (P<0.05) was significantly higher 
in PCOS group while eosinophils % age was statistically (P<0.01) decreased in PCOS patient in 
comparison to control subjects. RBCs and platelets count, lymphocytes and monocytes % age and 
neutrophils to lymphocytes ratio did not show any significant difference in control and deceased 
females. The mean LH/FSH ratio was significantly (P<0.05) elevated in PCOS patients than 
control. In female subjects of control group, IL-3 had significant positive correlation with WBC 
count (r=0.360, P<0.01) and significant negative correlation with Lymphocytes % age (r=-0.481, 
P<0.001) while in PCOS females no such correlation was observed. In conclusion, the increased 
body mass index, high neutrophils % age and WBCs count are closely associated to PCOS and may 
be responsible for inflammation in PCOS patients with decreased serum level of IL-3.  

Novelty Statement | IL3 is well recognized as colony stimulating factor, which inhibits cell 
death and enhance the persistence of mega-karyocytes, macrophages and mast cell specifically in 
stress condition. This research is first contribution to find correlation of IL3 with hematological 
aspects in polycystic females.
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of 4-12% in childbearing aged females (Kelestimur et al., 
2006). It occurs when an ovarian follicle failed to mature 
enough to release egg (Petti and Secor, 2023). It is considered 
as the ruling cause of infertility in females ( Jakubowski, 
2005). As it contributes up to 56% in infertility cases 
(Khalid et al., 2022; Kanwal et al., 2022). Multiple reasons 
including genetic makeup, metabolic and environmental 
factors are accountable for PCOS. Stress, sedentary 
lifestyle, eating of canned food and toxicants contaminated 
environment are also chargeable to PCOS (Abinaya et al., 
2019). Other malfunctioning associated with this disorder 
are puberty in childhood, obesity, irregular menstruation, 
acne, and hirsutism. PCOS females are reported to suffer 
from early adulthood infertility; cardiovascular diseases 
in middle stages of life, type II diabetes and in late age 
endometrial cancer like malignancies occur (Lentscher et 
al., 2021; Bloom et al., 2006; Norman et al., 2004). Almost 
50–70% of PCOS females are reported with clinical signs 
of insulin resistance with reduced capacity of insulin to 
normalize glucose metabolism (Wang et al., 2021).

PCOS was firstly described by Stein and Levinthal 
(1935), but it is considered that genetic traits of this 
disorder are as ancient as 50,000 years ago (Azziz, 2016). 
Rosenfield (1999), criteria for the diagnosis of PCOS 
was established by NIH (National Institutes of Health)/
NICHD (National Institutes of Child Health and Human 
Development) in a conference in 1990 that includes two 
features oligo-ovalution/ anovulation and biochemical/ 
clinical hyperandrogenism.

In 2003, Rotterdam ESHRE (European society of 
human reproduction and embryology)/ASRM (American 
society for reproductive medicine) elaborated the 
definition of PCOS as combination of oligomenorrhea 
or amenorrhea, polycystic ovaries (PCO) and endocrine 
signs of hyperandrogenemia are the main characteristics 
of PCOS. The patient must have any two features from 
above three. Ultrasound diagnostic criteria for PCO 
include 12 or more cysts per ovary having cyst size 2-9 
mm diameter and volume of ovaries >10 ml in suspected 
female (Rotterdam and Group, 2004). 

In 2006, the Androgen Excess Society modified 
the diagnostic criteria, which emphasize that 
hyperandrogenism must be an essential diagnostic element 
along either oligomenorrhoea/amenorrhea or polycystic 
ovaries (Azziz et al., 2006).

In early 90’s, LH/FSH ratio was considered as 
the main diagnostic feature for PCOS (Banaszewska 
et al., 2003) because an increased LH to FSH ratio was 
commonly found in PCOS patients (Taylor, 2006). LH/
FSH ratio varies with physiological condition of female. 
PCOS females, almost 55–75% showed higher LH to 
FSH ratio. An increased level of LH and reduced FSH 

production in follicular phase of menstrual cycle is the 
cause of this elevation. GnRH stimulates excessive LH 
production in such women (Kalro et al., 2001). Criterion 
presented by Rotterdam in 2003 is considered most 
acceptable nowadays too (Sharquie et al., 2007).

Obese females are more susceptible to PCOS. Having 
a BMI greater than or equal to 30 kg/m2 is termed as 
obesity (Weir and Jan, 2022). Globally 38-88% females 
with PCOS are either obese or overweight. PCOS 
females have close association with hyperandrogenism 
that influence deposition of fats in adipose tissue and 
cause obesity in affected females (Barber et al., 2006). In 
PCOS hirsutism is common and visually can be diagnosed 
(Escobar et al., 2011). Excessive hair growth on the side 
of the face, chin and upper lip are included in hirsutism. 
Hairs on chest also have been observed in individuals 
with severe conditions of PCOS (Martin et al., 2008). 
Acne is common in PCOS patients and is related to dis-
functioning of the pilosebaceous follicle (Tan and Bhate, 
2015). Acne and excess of androgens are common features 
in patients of polycystic ovaries, Cushing syndrome 
and congenital adrenal hyperplasia (Cibula et al., 2000). 
Presence of acne in women with PCOS is 12–14%. Its 
prevalence may vary according to ethnicity as it is reported 
highest in South Asian women and lowest in Pacific 
areas. Comedones which are skin-colored small bumps 
often found on face due to accumulation of epithelial cell 
debris and sebum is major cause of acne. The bacterium 
Propionibacterium helps in colonization of acnes. In 
severe condition, inflammation occurs in comedones that 
give rise to papules and nodules on face (Deplewski and 
Rosenfield, 2000). 

Cytokines are protein in nature and many of them are 
glycosylated. These small extracellular proteins perform 
function of signaling and have molecular size less than 80 
kDa (Chung and Barnes, 1999). Every nucleated cell type 
can produce cytokines in the body. Cytokines perform 
regulatory functions in hematopoietic cells. In various other 
types of cells, they provide protection and help in repairing 
procedures (Thomson and Lotze, 2003). Pro inflammatory 
cytokines, lymphokines, inhibitory cytokines, growth 
factors and chemokine are the major groups of cytokines. 
T-lymphocytes also produce cytokines that are called 
lymphokines. Cytokines IL-2, IL-3, IL-4, IL-5, IL-7, IL-
9, IL-15, IL-16 and IL-17 are included in the category of 
lymphokines (Mehta and Mahajan, 2006). 

Interluekin-3 is a small chain polypeptide with 
α-helical configuration made up of 154 amino acids, and 
molecular weight 20-26 kDa. Mast cells, natural killer 
(NK) cells and activated T cells are the chief source of 
IL-3 (McNiece, 1997). IL3 have main function to regulate 
hematopoiesis. In animal models of human osteoarthritis 
and rheumatoid arthritis, it also prevents bone damage 
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as well as cartilage damage (Kour et al., 2016). This 
lymphokine (IL-3) is a multi-potential hematopoietic 
growth factor. It induces proliferation and differentiation 
in pluripotent stem cells, progenitor myeloid stem cells, 
erythroid and megakaryocytic lineages (Eder et al., 
1997; Mangi and Newland, 1999). Hematopoiesis starts 
during embryonic development and continue throughout 
adulthood to flourish and replenish the blood cells 
( Jagannathan-Bogdan and Zon, 2013).

Aims and objectives
This study is planned to evaluate comparison of 

following anthropometric, hematological, and biochemical 
parameters in PCOS patients with that of control subjects 
in Sargodha division: 

• BMI, fertility ratio, childbearing ability, prevalence 
of abortions, acne, and hirsutism in PCOS patients 
and control females.

• Difference in blood cell count in PCOS and control 
participants.

• Hormonal status (FSH and LH) in the serum of 
both groups.

• Serum interleukin-3 level in PCOS patients and 
control group and to find correlation between IL-3 
and blood cells count in both groups.

Materials and Methods

The experimental procedure of study was sanctioned 
by Institutional committee under Reference No. SU/
Acad/129. Data was collected with the prior consent of 
participants either PCOS patients or as control. Data was 
based on: 

• Performa/questionnaire that was designed to collect 
information about clinical and anthropometric 
variables and 

• Blood sample to analyze different biochemical and 
hematological parameters.

In this case-control study, 120 women (n= 60) 
participated in two groups: PCOS group and Control 
group (healthy females).

PCOS suffering females were selected from different 
areas of Sargodha division. Healthy subjects were recruited 
from same localities. All the samples of both groups were 
collected from same age group ranging from 20-40 years 
old females.

A diagnostic criterion for PCOS patients was 
irregular menstrual cycle and cyst in ovaries as described 
in Rotterdam ESHRE/ASRM criteria (Rotterdam and 
Group, 2004). Only married females were included in 
this research. Females having any chronic disease like 
immunopathy, cardiovascular disorder, thyroid dysfunction, 
diabetes, cancer were not included in study group. Healthy 

subjects that did not have any disease history were included 
as control females. 

Parameters mentioned in questionnaire were 
participant’s name, age, body mass index (BMI), fertility 
status, presence of polycystic ovary, acne, hirsutism, 
abortions, and record of successful pregnancies. BMI is 
the ratio of the weight of the body in kilograms to the 
square of its height in meters. Data was categorized in four 
groups according to BMI having categories underweight 
(<18.5 Kg/m2), normal (18.6-24.9 Kg/m2), overweight 
(25-29.9 Kg/m2) and obese (>30 Kg/m2).

Biochemical and hematological parameters were 
analyzed by taking 5 ml venous blood sample from 
all participants. 1ml blood was separated in Ethylene 
diamine tetraacetic acid (EDTA)-tube for complete blood 
cell count (CBC). CBC was done by Sysmex Kx-21 
Hematology analyzer. 50µl blood was used in hematology 
analyzer. While, serum was obtained by clotting blood for 
15 minutes at room temperature and centrifuging at 2500 
rpm for 15 minutes. Serum was used for analysis of IL-3 
and hormonal levels including LH and FSH by ELISA 
(Enzyme-Linked Immunosorbent Assay). IL-3 serum 
level was measured by using Kit of Bioassay Technology 
Laboratory, England (Catalogue number E0093Hu, 
sensitivity 1.02 pg/ml, intra-assay precision CV<8% and 
inter assay precision CV<10%). While, serum level of LH 
was assessed by the help of kit from Calbiotech (Catalog 
No LH231F, sensitivity 0.12mlU/ml, intra-assay and inter-
assay precision CV% were (6.18-10.58) and (8.13-11.57), 
respectively). Similarly, serum FSH was evaluated by kit 
of CALBIOTECH Company (Catalog number FS232F, 
sensitivity 0.353mlU/ml, intra-assay and inter-assay 
precision CV% (6.3-6.7%) and (6.8-6.2%), respectively).

Statistics
The statistical analysis was performed using IBM 

statistical package for social sciences (SPSS) version 25. 
Changes among continuous variables between the two 
groups were analysed using the independent sample, two-
tailed t-test.

Infertility ratio, prevalence of hirsutism and acne were 
calculated by using percentage formula.

Correlation between IL-3 and blood cell count was 
measured by Pearson Correlation analysis. 

Results and Discussion

Statistically, significant (P<0.05) increase in mean body 
mass index of PCOS patients was noticed as compared 
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to control females as presented in Figure 1. Percentage of 
prevalence revealed that number of overweight and obese 
females was higher in PCOS patients as compared to 
control group (Table 1). 

Figure 1: Effect of PCOS on body mass index of patients 
and comparison with that of control females. Values are 
expressed as Mean±SD and comparison is made by two-
tailed T-Test. *P<0.05.

Table 1: Prevalence (%age) of females in different 
categories of body mass index in control and PCOS 
groups.
BMI (Kg/m2) Control (%) PCOS (%)
Underweight (<18.5) 3.4 1.6
Normal (18.6-24.9) 86.2 51.6
Overweight (25-29.9) 3.4 28.3
Obese (>30) 6.8 18.3

  
A B 

Figure 2: (A) Comparison of mean number of successful 
pregnancies in control and PCOS participants. (B) Effect 
of PCOS on mean number of abortions as compared to 
healthy females. Values are expressed as Mean ± SD and 
comparison is made by two-tailed T-Test. ***P<0.001

Statistically (P<0.001) reduced number of successful 
pregnancies was noticed in PCOS females as compared 
to that of control females (Figure 2A). This indicated that 
presence of PCOS was altering the childbearing potential 
of patients. Data analysis of prevalence of abortion showed 
that there is no significant difference among control and 
PCOS participants in this parameter (Figure 2B).

High percentage of females was facing infertility 
(55%), hirsutism (40%), and acne (38.33%) issues in PCOS 
group as compared to that of control females (Table 2).

Table 2: Percentage of infertile, hirsute and acne patients 
among control and PCOS groups.
Parameters Control (%) PCOS (%)
Infertility 17.24 55
Hirsutism 6.8 40
Acne 3.44 38.33

Statistical analysis by two-tailed T-Test revealed that 
serum level of IL-3 was significantly (P<0.05) lower in 
PCOS patients as compared to control females (Figure 3). 

  
Figure 3: Mean serum level of IL-3 in PCOS patients 
as compared to control subjects. Values are expressed 
as Mean ± SD and comparison is made by two-tailed 
T-Test. *P<0.05

Mean±SD values for various blood cells count and 
blood cell percentage in control and PCOS participants 
are presented in Table 3. Data analysis by independent 
sample, two-tailed T-Test showed that WBC count 
was significantly (P<0.001) higher in PCOS patients as 
compared to age-matched control females. Statistically 
non-significant difference in red blood cell and platelets 
count was found among control and PCOS bearing females. 
T-test showed that neutrophils % age was significantly 
higher (P<0.05) in PCOS subjects as compared to 
that of control females. Percentage of lymphocytes and 
monocytes was not statistically different in both groups. 
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Non-significant neutrophils to lymphocytes ratio (NLR) 
was observed among both studied group. Significantly 
(P<0.01) higher eosinophils percentage was found in 
control females as compared to PCOS patients.

Table 3: Comparison of mean blood cells count and 
blood cell percentage in control and PCOS females.
Parameter 
(Blood cell count)

Control PCOS P-value

WBC (109/L) 7.88±0.98 8.74±1.34 0.001***
RBC (1012/L) 4.57±0.41 4.70±0.37 0.154
Platelets (109/L) 268.34±40.71 284.01±51.54 0.124
Lymphocyte % 35.04±4.72 36.82±6.86 0.157
Neutrophil % 53.58±8.75 58.08±9.83 0.033*
NLR 1.56±0.40 1.66±0.51 0.236
Monocyte % 5.62±2.65 4.83±2.06 0.167
Eosinophil % 4.00±1.75 2.81±1.17 0.002**

Values are expressed as Mean ± SD and comparison is made by two-
tailed T-Test. P<0.05*, **P<0.01, ***P<0.001.

Table 4: Correlation between mean serum level of IL-3 
and blood cell count in PCOS and healthy subjects.
Parameters Control PCOS

R P R P
WBC (109/L) 0.360 0.005** 0.111 0.339
RBC (1012/L) 0.108 0.410 -0.035 0.788
Platelets (109/L) 0.101 0.441 -0.198 0.724
Lymphocyte % -0.481 0.000*** 0.220 0.129
Monocyte % -0.170 0.194 -0.029 0.827
Neutrophil % 0.171 0.191 0.220 0.091
Eosinophil % 0.144 0.247 -0.123 0.349

Data represented as Probability (P) and Pearson correlation (R) values 
and comparison is made by Pearson correlation analysis. **P<0.01, 
***P<0.001.

In control subjects, IL-3 had significant positive 
correlation with WBC count (r=0.360, P<0.01) and 
highly significant negative correlation with lymphocytes 
percentage (r=-0.481, P<0.001) while in PCOS females no 
such correlation was observed (Table 4). 

Statistical comparison of serum LH and FSH level 
showed noticeable (P<0.05) decrease in FSH concentration 
in serum of PCOS patients as compared to control, while 
LH serum level was not affected by the disease (Figure 
4A). LH/FSH ratio was statistically (P<0.05) higher in 
PCOS patients than that of healthy females (Figure 4B), 
and likewise LH/FSH ratio in fertile and infertile PCOS 
participants was higher (P<0.01) in comparison to fertile 
and infertile control subjects (Figure 4C).

PCOS is among most communal endocrine disorders. 
Current research included study of a cytokine IL-3, some 
hormonal and hematological parameters in the association 

of PCOS. 

Figure 4: (A) Mean serum LH and FSH level in control 
and PCOS groups. (B) Serum LH/FSH ratio in PCOS 
subjects as compared to healthy females. (C) Mean serum 
LH/FSH ratio in fertile and infertile PCOS patients 
and control females. Values are expressed as Mean ± SD 
and comparison is made by two-tailed T-Test. **P<0.01, 
***P<0.001.

In this study, mean BMI value was statistically higher 
in PCOS participants than healthy females. Among 
PCOS patients, 28.3% were overweight (BMI>25Kg/m2) 
and 18.3% obese (BMI>30Kg/m2). In PCOS patients, 
sex steroid metabolism was disturbed due to suppression 
of hepatic production of sex hormone binding globulin 
modulated by hyperinsulinemia, which results in increase 
in the level of androgens and adiposity in these females 
(Bremer and Miller, 2008; La Marca et al., 2000; Lim et al., 
2012). Excess of androgens promote visceral adiposition 
(Sam, 2007). Increased adiposity due to altered production 
of androgens might be the cause of overweight and obese 
subjects in PCOS group in the current study. Number of 
fertile females was significantly (P<0.001) more in healthy 
group as compared to PCOS, as 55% PCOS females of 
this study were infertile. According to Homburg (2004) 
anovulation is major cause in ~75% PCOS women 
suffering from infertility.

Clark et al. (2014) reported that 13% of women with 
PCOS have idiopathic hirsutism and poorer metabolic 
profile compared to controls. In current study, 40% PCOS 
patients were suffering from hirsutism as they had facial 
hairs on upper lips, chin and chest region. Hirsutism is 
an important clinical symptom of hyperandrogenism 
(Escobar et al., 2011). Hyperandrogenism might be the 
cause of hirsutism in PCOS patients as compared to age 
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matched control females in this study. 

In this study, there were 38.8% PCOS females having 
moderate acne. In another research, 36 % mild, 40% 
moderate and 24% severe acne was observed in PCOS 
patients. Maximum patients with PCOS showed moderate 
acne (Iftikhar and Choudhry, 2019). They proved least 
association of androgens with acne severity, but androgenic 
hormones were elevated in the acne patients than control 
females. Hormonal imbalance due to PCOS might directly 
or indirectly generate psychological issues for females like 
hirsutism.

In reproductive field, IL-3 is one of the least 
studied cytokines. Recently a study has been conducted 
on polymorphism in gene regulating Interleukin-3 in 
association of miscarriage in fresh in-vitro fertilized (IVF) 
oocytes. Wu et al. (2019) reported that IL-3 rs40401 C/T 
polymorphisms had higher abortion rate in IVF patients.

In this study, serum interleukin-3 level was significantly 
(P<0.05) lower in PCOS patients as compared to control 
females. PCOS seem to effect the secretion of this 
lymphokine in patients. IL-3 showed significant positive 
correlation with WBC count (r=0.360, P<0.01) and highly 
significant negative correlation with Lymphocyte % age 
(r=-0.481, P<0.001) in control females while in PCOS 
females no such correlation was observed in current 
research. In studies of late 1990’s artificial administration 
of dose of IL-3 to patients resulted in increased number 
of leukocytes (mainly eosinophils, neutrophils, and 
lymphocytes), reticulocytes and platelets (Eder et al., 1997; 
Mangi and Newland, 1999). 

In this study, white blood cell number was statistically 
increased (P<0.01) in PCOS females than healthy 
females. Papalou et al. (2015) also reported that WBC 
number was higher (P<0.01) in the PCOS patients than 
control females of similar age. Increased WBC count is 
a good inflammatory marker and PCOS patients showed 
increased leucocytes count (Orio et al., 2005). Higher 
WBC count could be regarded as an inflammatory marker 
in PCOS participants as also observed in this study.

RBC and platelets count was non-significantly 
elevated in the PCOS patients than control group. 
Similarly, non-significant difference in RBC and platelets 
count among control and PCOS patients was also reported 
in other studies (Dereli et al., 2003; Yilmaz et al., 2016).

In present study, non-significant increase in 
lymphocytes %age in blood was found in PCOS females 
as compared to control participants. In a study conducted 
by Yilmaz et al. (2016) significant (P<0.05) increase 
in lymphocytes % age in PCOS patients than control 
group was noticed. PCOS patients have significant 

elevation in macrophages and lymphocytes count when 
compared to control (Xiong et al., 2011). Increased level 
of lymphocytes in PCOS patients can be a step toward 
chronic inflammation.

In this study neutrophils % age was significantly 
elevated in PCOS (P<0.05) patients as compared to 
control females. Evaluated neutrophils count in both lean 
and obese PCOS patients was observed in other studies 
(Kurt et al., 2014; Yilmaz et al., 2016). PCOS stimulated 
hyperneutrophilia might be a risk factor to general health 
of patients inducing metabolic disorders.

In current study, NLR was not significantly different in 
PCOS patients as compared to control females. Contrarily, 
Kurt et al. (2014) reported increased NLR in patients 
with PCOS females as compared to the control group. 
Furthermore, they suggested that increased inflammation 
might be associated with increased NLR and possibly it 
is one of the main patho-physiological mechanisms in 
PCOS. 

In this study monocytes % age was non-significantly 
different in the control and PCOS group. DincgezCakmak 
et al. (2018) also reported non-significant (P= 0.852) level 
of monocytes count in PCOS and control group. This 
study showed highly significant (P<0.01) eosinophils % 
age in the PCOS patients as compared to control females. 
Variable reports are available in this context as according 
to a study conducted in Turkey, it was reported that 
eosinophils count remained non-significantly different 
(P= 0.670) in PCOS patients and control group females 
(Yilmaz et al., 2016), while in another study conducted in 
China significantly increased eosinophils count in PCOS 
females (P<0.01) was found in PCOS females as compared 
to control group females (Xiong et al., 2011). Different 
results in these studies might be due to variations in study 
areas and racial population under observation.

In present study, blood samples were collected from 
participants to check serum hormonal ratio (LH/FSH). 
Significant increase in LH/FSH ratio was observed 
in PCOS females as compared to control females. LH/
FSH ratio was significantly high (P<0.05) in fertile and 
infertile PCOS patients. Results of this study are constant 
with another Pakistani study held by Haider et al. (2011). 
Their sampling days were 6th to 30th day of menstrual cycle. 
Among Pakistani population, their results depicted 71% of 
PCOS females having elevated LH/FSH ratio. Similarly, 
Iwasa et al. (2009) conducted a study in which they assessed 
LH/FSH ratio in both initial and final follicular phase of 
PCOS bearing females.

Conclusions and Recommendations

This study concludes that altered level of gonadotropin 
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especially FSH might contribute in severity of disease 
generating psychological and health issues like hirsutism, 
acne and infertility. High neutrophils % age and WBC 
count showed close association to disease and might be 
playing inductive role in inflammation and metabolic 
complications in PCOS patients. Low level of serum 
interleukin-3 in PCOS females showed its close alliance 
with PCOS. 
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