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ABSTRACT
Objectives: Polycystic ovary syndrome is a reproductive endocrinopathy, predominantly accompanied by
insulin resistance, obesity, and metabolic disorder. In this study, we aimed to investigate the possible
relationship between prolactin and adipose tissue and metabolic parameters in patients with polycystic ovary
syndrome (PCOS). 
Methods: A total of 58 patients with PCOS and 34 body mass index (BMI)-matched healthy controls between
September 2018 and March 2019 were included in the study. Visceral and subcutaneous adipose tissues were
measured using ultrasonography. Serum prolactin, fasting blood glucose, insulin, low-density lipoprotein
cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglyceride, total cholesterol, luteinizing
hormone (LH), total testosterone, dehydroepiandrosterone sulfate (DHEA-S), and 17-hydroxyprogesterone
(17-OHP) levels were measured. 
Results: The median BMI (p = 0.001), waist circumference (p = 0.002), hip circumference (p = 0.003), waist-
to-hip ratio (p = 0.013), LH (p = 0.012), total testosterone (p = 0.004), DHEA-S (p = 0.049), 17-OHP (p =
0.001), insulin (p = 0.001), minimum preperitoneal fat thickness (p = 0.001), maximum preperitoneal fat
thickness (p = 0.048), and intraperitoneal fat thickness (p = 0.018) were significantly higher in the PCOS group
compared to the control group. However, there was no significant correlation between prolactin levels and
adipose tissue parameters and insulin levels in the patients with PCOS. 
Conclusions: Although there was an increase in the preperitoneal and intraperitoneal fat thickness in the PCOS
group compared to the control group, no significant correlation was observed between prolactin and visceral
and subcutaneous adipose tissues and metabolic parameters. 
Keywords: Prolactin, polycystic ovary syndrome, adipose tissue

Prolactin (PRL) is a versatile hormone which plays
a central role in metabolic functions and tumoro-

genesis, as well as reproductive and immune system
[1]. It is mainly produced in the pituitary gland and in
extrapituitary tissues such as human endometrium,

decidua, brain, breast, and adipose tissue [2]. Previous
studies have shown a complex relationship between
PRL and adipose tissue and PRL is implicated in the
regulation of adipogenesis and function of adipocytes
[2] .
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Polycystic ovary syndrome (PCOS) is a common hor-
monal disorder in women of reproductive age
characterized by irregular menstruation, chronic
anovulation, and clinic and/or biochemical hyperan-
drogenism with morphologically characteristic feature
of polycystic ovaries [3]. Metabolic disorders are
more common in these patients, compared to healthy
individuals, due to insulin resistance and abdominal
obesity [4]. 
      Although the regulation of PRL release is altered
in PCOS patients, the relationship between PRL and
adiposity is still unclear [5]. Therefore, the relation-
ship between PRL and increased adipose tissue and
metabolic disorders still remains to be elucidated in
this patient population. 
      In the present study, we aimed to investigate the
possible relationship between PRL and adipose tissue
and metabolic parameters in patients with PCOS com-
pared to healthy controls.

METHODS

Study population 
      This cross-sectional study was carried out at
Department of Obstetrics and Gynecology of Bursa
Yüksek İhtisas Training and Research Hospital
between September 2018 and March 2019. A total of
58 patients with PCOS and 34 body mass index
(BMI)-matched healthy controls were included. In the
patient group, the diagnosis of PCOS was made
according to the Rotterdam criteria including at least
two of the following three features: i) oligo/anovula-
tion, ii) clinical and/or biochemical
hyperandrogenism, and iii) polycystic ovaries on
ultrasonography (USG) (6). The control group con-
sisted of healthy individuals in whom no clinical,
laboratory, or USG signs of PCOS were present.
Exclusion criteria were as follows: history of diabetes,
hyperprolactinemia, Cushing syndrome, congenital
adrenal hyperplasia, thyroid disorders, and hyperten-
sion. Patients who received oral contraceptives,
anti-androgens, aspirin, statin, and insulin-sensitizing
agents within the past six months were also excluded.
A written informed consent was obtained from each
participant. The study protocol was approved by the
Ethics Committee of Bursa Yüksek İhtisas Training
and Research Hospital. (2011-KAEK-25 2018/06-31).

The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. 

Biochemical analyses and hormone assays 
      Blood specimens were collected for biochemical
and hormone analyses in the early follicular phase
(between Day 2 and Day 5 of the menstrual cycle)
with at least 12-h overnight fasting between 8.00 and
10.00 AM.Follicle-stimulating hormone (FSH),
luteinizing hormone (LH), estradiol (E2), total testos-
terone, dehydroepiandrosterone sulfate (DHEA),
insulin, and 17-hydroxyprogesterone (17-OHP) were
analyzed using the Abbott ARCHITECT® assay
(Abbott Laboratories, Singapore). In addition, fasting
blood glucose, total cholesterol, low-density lipopro-
tein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), and triglyceride (TG) were eval-
uated using the Synchron LX20, Beckman Coulter
Diagnostics, USA. Insulin resistance was calculated
using the Homeostatic Model Assessment Insulin
Resistance (HOMA-IR) formula (fasting glucose
(mg/dL) x fasting insulin (μU/mL)/405). The model
of adipose distribution (MOAD) for women was cal-
culated using the following formula: waist
circumference/[36.58+(1.89xBMI)]. The visceral adi-
posity index (VAI) was calculated as
MOADx(TG/0.81)x(1.52/HDL). 

Anthropometric measurements 
      The body weight, height, and BMI were calcu-
lated for each participant. The waist circumference
was measured at the narrowest part between the lower
border of the rib cage and the iliac crest, while the hip
circumference was measured at the greater trochanter
while standing erect. The BMI was calculated as the
weight in kilogram divided by height in meters
squared. 

Carotid intima-media thickness measurement 
      The carotid intima-media thickness (CIMT) was
defined as the average of the three thickness measure-
ments between the intimal and medial-adventitial
interfaces and was measured in the supine position
with head flexion. The CIMT measurements were per-
formed by an experienced radiologist. 

Adipose tissue measurement 
      The thickness of subcutaneous, preperitoneal,
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intraperitoneal, and perirenal adipose tissues was
measured using USG. The measurement was per-
formed in the supine position in a fasting state by
having the patient hold his/her breath to avoid any
possible effect of respiration and abdominal wall ten-
sion. To avoid fat compression errors, the USG probe
was placed above a given site without any pressure.
Minimum subcutaneous and preperitoneal fat thick-
ness were measured by longitudinal scanning with the
use of (Toshiba Aplio 500, Japenese) 7 Mhz trans-
ducer from the xyphoid process, while maximum
subcutaneous fat thickness was measured using the
same transducer at the level of the umbilicus.
Intraperitoneal fat thickness was measured by trans-
verse scanning with the use of 5 Mhz probe in the
midline of the abdomen, 2-cm above the umbilicus.
Three measures were obtained based on the intraperi-
toneal fat thickness measurement: the distance from
the fascia of rectus abdominis muscle to the vertebral
column, the distance from the peritoneum to the ver-
tebral column, and the distance from the linea alba to
the vertebral column. Perirenal fat thickness was
measured from the perirenal fascia to the renal surface
on a long-axis view of the right kidney.

Statistical Analysis
      Statistical analysis was performed using the SPSS
version 23. Descriptive data were expressed in mean
± standard deviation (SD), median (min-max) values,
and number and frequency. The Kolmogorov-Smirnov
test was used to check the normality assumption. The
Mann-Whitney U test was performed to compare vari-
ables between the patient and control groups. The
Spearman’s rank correlation analysis was used to
investigate any relationship between serum PRL and
other variables. After necessary adjustments for age,
BMI, hip circumference, and waist-to-hip ratio were
made, the partial Spearman’s rank correlation analysis
was performed. A multiple linear regression model
was used to analyze the impact of potential variables
on serum PRL levels. A p value of < 0.05 was consid-
ered statistically significant.

RESULTS

      A total of 92 participants were included in this
study. The study group consisted of 58 patients with

PCOS and the control group consisted of 34 healthy
individuals. However, as not every participant under-
went all tests, the number of participants in both
patient group and control group varied. The mean age
was 27.07 ± 4.88 years in the patient group and 28.58
± 4.78 in the control group, indicating no significant
difference between the groups. Baseline demographic
and clinical characteristics of the study population are
shown in Table 1. 
      The median body weight (p = 0.004), BMI (p =
0.001), Ferriman-Gallwey Hirsutism (FGH) scores (p
= 0.001), waist circumference (p = 0.002), hip circum-
ference (p = 0.003), waist-to-hip ratio (p = 0.013), LH
(p = 0.012), total testosterone (p = 0.004), DHEA-S (p
= 0.049), 17-OHP (p = 0.001), insulin (p = 0.001),
CIMT, minimum preperitoneal fat thickness (p =
0.001), maximum preperitoneal fat thickness (p =
0.048), and intraperitoneal fat thickness (p = 0.018)
were significantly higher in the PCOS group com-
pared to the control group. There was no significant
difference in other variables between the groups. 
      Table 2 shows monotonic relationship between
serum PRL and other variables. There was no signifi-
cant correlation between serum PRL and any of the
variables in the control group, while serum PRL sig-
nificantly decreased with increasing age in the PCOS
group (p = 0.001). However, there was no significant
linear correlation between serum PRL and other vari-
ables in the PCOS group. 
      After necessary adjustments for age, BMI, hip cir-
cumference, and waist-to-hip ratio were made,
correlation analysis was repeated. A positive and sig-
nificant correlation was found between serum PRL
levels and FGH scores (p = 0.025), TG levels (p =
0.020), and mid CIMT (p = 0.039) in the control
group, while no significant correlation was found in
the PCOS group (Table 3). 
      A multiple linear regression model was used to
analyze the impact of potential variables on serum
PRL levels. In the PCOS group, there was a signifi-
cant correlation between age (p = 0.020), waist-to-hip
ratio (p = 0.044), and HDL-C (p = 0.049) (Table 4).

DISCUSSION

      Polycystic ovary syndrome is a reproductive
endocrinopathy, predominantly accompanied by
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insulin resistance, obesity, and metabolic disorder [3].
Nearly 30 to 50% of lean patients with PCOS and
those with obesity have insulin resistance and lipid
metabolism disorders,suggesting that obesity is not the
sole driver of metabolic alterations [7]. Several studies
have demonstrated that metabolic disorders are more
frequently associated with the distribution of adipose
tissue rather than absolute amount of the body fat [8]. 
In the literature, some authors have reported no signif-
icant difference in the body composition and fat
distribution between lean patients with PCOS and

healthy controls [9], while some others have shown
that PCOS patients have more visceral fat ratio pro-
portionally to total body fat, suggesting a relationship
between PCOS and glucose intolerance, type 2 dia-
betes, hypertension, and hyperlipidemia [10, 11].
Furthermore, although there are studies showing an
increase in the subcutaneous adipose tissue in PCOS
patients [12], some authors have not demonstrated
such an increase [13]. Similarly,there are some studies
showing an increase in the visceral adipose tissue [10,
14], whle some others have found no increase [13]. In
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a study, Jena et al. [15] found increased subcutaneous
adipose tissue in patients with PCOS and obesity,
compared to BMI-matched healthy controls. How-
ever, in the aforementioned study, there was no
significant difference in the subcutaneous adipose tis-
sue between lean PCOS patients and controls. In
addition, the authors reported increased visceral adi-
pose tissue in PCOS patients with and without obesity
compared to healthy controls [15]. In another study
evaluating subcutaneous, preperitoneal, intraperi-
toneal, mesenteric, epicardial, and perirenal adipose
tissue through USG, a significant increase in the vis-
ceral adipose tissue, particularly mesenteric and
intraperitoneal, was observed in patients with PCOS
with and without obesity, compared to the control
group [16]. In our study, although we found no signif-
icant difference in the subcutaneous fat thickness
between the groups, we observed a significant
increase in the preperitoneal and intraperitoneal fat
thickness in the patients with PCOS. 
      Visceral adipose tissue is a more active driver of
metabolic alterations than subcutaneous adipose tissue
and is more resistant to anti-lipolytic effects of insulin,
thereby, increasing abnormal lipid production and
insulin resistance [17]. Although preperitoneal adipose
tissue is not a part of visceral adipose tissue, it has
similar properties to visceral adipose tissue, as it is
anatomically located close to peritoneal, omental, and
retroperitoneal adipose tissues [18]. 
      It has been well-established that PRL plays a cen-
tral role in the reproductive system. In recent years,
there are also several reports suggesting that PRL can
be used as a useful biomarker for metabolic syndrome,
diabetes mellitus, cardiovascular and all-cause mortal-
ity [19, 20]. It has been proposed that PRL exerts its
effects on adipose tissue development and functions
and pancreatic β cells [21]. There is a complex rela-
tionship between PRL and adipose tissue: PRL has not
only an effect on adipogenesis and adipocyte func-
tions, but also is produced in adipose tissues [2].
However, the effect of PRL on systemic circulation
has not been clearly understood, yet. Some authors
have suggested that PRL released by the adipose tis-
sue shows an autocrine/paracrine effect [22]. 
      In the literature, there are several reports showing
a positive or negative or no correlation between the
amount of adipose tissues and PRL levels [23-25]. The
discrepancy among the studies can be attributed to the

type of adipose tissue examined. In a study, Kok et al.
[26] found a higher rate of basal and pulsatile PRL
release in premenopausal women with visceral obe-
sity, compared to lean controls. In another study,
patients with obesity had a lower PRL release from
subcutaneous adipose tissue, compared to visceral adi-
pose tissue, indicating an inverse relationship between
PRL release from subcutaneous adipose tissue and
BMI [2] . On the other hand, the rate of PRL released
from subcutaneous and visceral adipose tissues was
similar in patients without obesity. Unlike this study,
we found no significant relationship between PRL lev-
els and subcutaneous and visceral adipose tissue in our
study population. Similarly, in their study, Ernst et al.
[25] found no significant difference in the serum basal
PRL levels one year after gastric bypass in patients
with obesity, compared to baseline, despite severe
weight loss. 
      Adipose tissue dysfunction is considered an
important contributor to obesity-related metabolic dis-
orders. In patients with obesity, excessive fat
deposition leads to insulin resistance, impaired adipo-
genesis, altered adipokine secretion, increased
inflammation and fibrosis, and reduced angiogenesis
[27]. Therefore, adipose tissue modeling is critical to
prevent insulin resistance and associated metabolic
disorders [28]. A healthy expansion of the adipose tis-
sue is of utmost importance to maintain insulin
sensitivity, while PRL is involved in the healthy
expansion of the adipose tissue and maintenance of
insulin sensitivity [19, 29]. 
      On the other hand, PRL may have adverse meta-
bolic effects in patients with high serum PRL levels
due to prolactinoma or the use of antipsychotics, lead-
ing to type 2 diabetes(30). Bromocriptine, a dopamine
agonist, inhibits PRL levels and increase insulin sen-
sitivity and has been used in the treatment of type 2
diabetes in recent years [31]. However, there are sev-
eral studies showing no direct correlation between
corrected BMI and metabolic parameters and reduced
PRL levels [32]. 
      Review of the literature reveals controversial
results regarding the relationship between serum PRL
levels and metabolic parameters. Some authors
reported an inverse correlation between PRL levels
and diabetes, metabolic syndrome, HOMA-IR, and
impaired lipid metabolism [19, 33], while some others
found a positive correlation between PRL levels and
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hypertension, insulin resistance, and aortic stiffness
[20, 34, 35]. In a study, high physiological concentra-
tions of PRL increased adiponectin release, showing a
protective effect against metabolic dysfunction [28].
In another study, Albu et al. [5] found a positive cor-
relation between adiponectin and PRL levels in
patients with PCOS. In this study, VAI, but not
adiponectin, was found to be a useful marker for pre-
dicting serum PRL levels. In our study, we found no
significant correlation between serum PRL levels and
metabolic parameters. Of note, we were unable to
examine adipokine levels for adipose tissue dysfunc-
tion, although we used VAI. However, we found no
significant correlation between serum PRL levels and
VAI.

Limitations 
      Nonetheless, there are some limitations to this
study. First, the study has a relatively small sample
size. Second, only PCOS patients with obesity and
BMI-matched healthy controls were included in this
study and lean PCOS patients were unable to be eval-
uated. Third, thickness measurements of adipose
tissues were made using USG. Finally, computed
tomography and magnetic resonance imaging are
more useful in the evaluation of subcutaneous and vis-
ceral adipose tissues(36), the outcomes of both
methods are similar to USG [37, 38]. In our study, we
used USG as it is an inexpensive, non-invasive imag-
ing method in our study.

CONCLUSION

      In conclusion, although there was an increase in
the preperitoneal and intraperitoneal fat thickness in
the PCOS group compared to the control group, no
significant correlation was observed between PRL lev-
els and visceral and subcutaneous adipose tissues. In
addition, we found no significant correlation between
serum PRL and metabolic parameters. We, therefore,
recommend further large-scale studies to establish a
definite conclusion on this topic.
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