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Introduction

Accumulating evidence suggests that prolactin is a modula-
tor of body weight and composition and that it regulates 
transporters and enzymes in the adipose tissue and islets. 
Kok et al. (1) reported that increased prolactin secretion was 
demonstrated by serial prolactin measurements over 24h in 
obese women compared with those in lean subjects and that 
a proportional prolactin release is seen with an increasing 
body mass index (BMI) and size of visceral fat mass. Several 
studies reported that hyperprolactinemia is associated with 
weight gain, obesity, and insulin resistance (1-7). However, 
the mechanism by which hyperprolactinemia may cause 
weight gain and obesity is not clear. Two of the main potential 
reported explanations are the disruption of the central ner-
vous system dopaminergic tone and the stimulation of lipo-

genesis (8). However, whether prolactin is directly related to 
weight gain or the consequences of the central dopaminergic 
effect is not clear. 
Ghrelin, which is known as the ligand of the growth hormone 
secretagogue receptor (GHS-R), is a circulating orexigenic and 
adipogenic brain–gut peptide. According to recent studies, 
ghrelin is produced from several organs, such as the intestine, 
kidney, placenta, pituitary gland, hypothalamus, lung, lym-
phatic tissue, thyroid gland, adrenal gland, and gonads (9, 10). 
Ghrelin regulates the function of the anterior pituitary gland by 
stimulating the growth hormone, adrenocorticotropin, and pro-
lactin, and it also modulates the functions of the exocrine and 
endocrine pancreas (11). Its effect on the regulation of energy 
balance and appetite is through the signaling GHS-R in the 
brain. Interestingly, ghrelin is expressed in a variety of pituitary 
adenomas (12). Rotondo et al. (13) noted that the highest ghre-
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lin expression is found in growth hormone-producing adenomas 
exposed to long-acting somatostatin analogs. In their study, they 
found a lower ghrelin expression in Cushing’s disease, untreated 
growth hormone adenomas, and dopamine agonist-treated 
prolactinomas. However, no significant immunoreactivity was 
found in untreated prolactinomas. In conditions of anorexia ner-
vosa, bulimia nervosa, obesity, and polycystic ovary syndrome, 
prolactin and growth hormone are released as a response to 
exogenous ghrelin. Messini et al. (14) demonstrated that bro-
mocriptine blocks the stimulating effect of ghrelin on prolactin 
release in healthy premenapousal women.
Ghrelin has been reported to cause over eating by stimulating 
appetite resulting in increased body weight. Decreased ghrelin 
levels are associated with insulin resistance and abdominal 
adiposity in type 2 diabetes mellitus. Low ghrelin levels are 
found in obesity, acromegaly, and hypothyroidism associated 
with Hashimoto’s thyroiditis (15-18). There are inadequate data 
in literature about the relationship between ghrelin and pro-
lactin levels. Additionally, there is no study about ghrelin levels 
in patients with prolactinoma. Hence, we decided to examine 
whether circulating ghrelin levels in prolactinoma patients, both 
newly diagnosed and undergoing therapy, differ from those in 
healthy subjects in the present study. 

Material and Methods

Forty-four patients with prolactinoma, both newly diagnosed and 
undergoing cabergoline treatment, were included in this study. 
The diagnosis of prolactinoma was based on increased serum 
prolactin levels and was located by magnetic resonance imaging 
of the pituitary gland that indicated an adenoma. Patients with 
hyperprolactinemia caused by other reasons and hypopituitarism 
were excluded. None of the patients had any endocrinopathy 
except hyperprolactinemia. Thirty-six patients were women, and 
eight were men. Eleven patients had macroprolactinoma, and 
thirty-three had microprolactinoma. Thirty-two healthy volun-
teers, without any metabolic diseases, of similar age and gender 
served as the control group (p=0.6). Participants with a history 
of metabolic disease, endocrine obesity, and those who took any 
medical or herbal drug that could affect metabolic parameters 
were excluded from the study. Additionally, we excluded par-
ticipants with a history of eating disorders and weight loss. The 
hospital ethics committee evaluated and approved the study, and 
all participants gave informed consent.
Serum fasting glucose, low-density lipoprotein (LDL) choles-
terol, high-density lipoprotein (HDL) cholesterol, and triglyc-
eride concentrations were evaluated using enzymatic com-
mercial kits. Prolactin and insulin levels were evaluated by a 
chemiluminescence assay (Advia Centaur, Siemens Healthcare 
diagnostics, USA). Intra- and inter-assay variation coefficients 
were 4.6%, 3.2%, and 3.3% and 5.9%, 2.6%, and 4.8% for 14.68 
mU/L, 45.72 mU/L, and 124.51 mU/L of insulin, respectively. The 
intra-assay variation coefficient was 2.3% and 2.8% for 10.2 ng/
mL and and 60.4 ng/mL of prolactin, respectively, whereas the 
inter-assay variation coefficient was 2.0% and 3.4% for 10.2 ng/
mL and and 60.4 ng/mL of prolactin, respectively. The normal 
limits of prolactin levels were 2.7–18.3 ng/mL.

Blood samples for ghrelin measurement levels were collected 
into the tubes containing EDTA. The blood was centrifuged 
at 1.600×g for 15 min; the plasma was separated and stored 
at -80°C until assessment of ghrelin. The measurements of 
ghrelin levels were performed in an EPOCH system (BioTek 
Instruments Inc., Winooski, USA) using the commercially 
available enzyme-linked immunosorbent assay kit (Phoenix 
Pharmaceuticals, California, USA) in accordance with the man-
ufactures’ instructions. The assay range of the ghrelin ELISA 
kit was 0–100 ng/mL. The blood samples of both groups were 
measured simultaneuosly for ghrelin levels. 
Waist and hip diameter was measured. BMI and homeostasis 
model assessment of insulin resistance (HOMA-IR) were cal-
culated (19). The total fat ratio (%) of all the participants was 
assessed by bioelectrical impedance analysis (BIA) using TBF-
310GS™ (Tanita Corporation, Tokyo, Japan) and was recorded.
Descriptive data from the measurements obtained were pre-
sented as numbers and arithmetic mean±SD. Kolmogorov–
Smirnov test was used to test the normality of distribution for 
numerical data. Student’s t-test and chi-square test were used 
to compare the two groups. Association among the numerical 
data was detected by Pearson correlation analysis. Using multi-
variate multiple regression, backward elimination was used to 
determine the association between the ghrelin and numerical 
measurements. P<0.05 was considered statistically significant. 
PASW version 18, (SPSS, Chicago, IL, USA) software was used 
for the statistical calculations.

Results

Demographic characteristics and biochemical data of the 
patients and healthy subjects are summarized in Table 1. 
Nineteen patients were newly diagnosed, and 25 patients 
were undergoing cabergoline treatment (mean duration since 
diagnosis, 35 months; range, 6–192 months). Only two patients 
had a transnasal transsphenoidal operation for macroprolac-
tinoma. Compared with the age- and gender-matched con-
trol subjects, the patients with prolactinoma demonstrated 
significantly higher serum levels of fasting insulin, HOMA-IR, 
triglyceride, and waist and hip circumference measurement. 
No significant difference was found between fasting glucose, 
HDL-cholesterol, and LDL-cholesterol levels (Table 1). In the 
results of TANITA analysis, the total body fat percentage was 
higher in patients with prolactinoma compared with that in the 
healthy subjects; however, the difference was not significant 
(34.9±7.6% vs 31.3±7.3%, p=0.131). Furthermore, there was 
no significant difference in terms of the ghrelin levels between 
the patients with prolactinoma both newly diagnosed and 
undergoing cabergoline treatment and the healthy subjects 
(Table 2). Thyroid-stimulating hormone levels were similar 
in the groups (p=0.182). Estrogen levels were compared in 
female participants and were found to be 81.6±66.5 pg/mL 
and 58.7±73.9 pg/mL in the controls and patients, respectively 
(p=0.39). Growth hormone and somatomedin-C levels were 
0.5±1.1 pg/mL and 176.1±76.2 pg/mL, respectively in the 
patient group. 
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There was a positive correlation between serum ghrelin and 
growth hormone levels (p<0.02, rho=0.489) in the correla-
tion analysis. However, no significant correlation was obtained 
between serum prolactin or ghrelin levels and body fat per-
centage. Furthermore, a negative correlation was only found 
between ghrelin and fasting blood glucose levels, and a positive 
correlation was only found between ghrelin and HOMA-IR levels 
in multiple regression analysis (p=0.036, p=0.037) (Figure 1, 2).

Discussion

Ghrelin is a circulating peptide having many effects on both 
metabolism and neuroendocrine functions including weight 
control and growth. It was demonstrated that ghrelin stimu-
lates prolactin secretion from the pituitary gland in women 
(20). However, the mechanism is not explained very well. In 
addition, ghrelin levels in patients with prolactinoma have not 
been investigated yet. Our data has demonstrated for the first 
time that fasting serum ghrelin levels had no relationship with 
prolactin in patients diagnosed with prolactinoma. These data 
suggest that ghrelin levels have no significant effect on weight 

gain and could not explain increased obesity prevalence in 
prolactinoma. 
There are few studies conducted on the relation between 
prolactin and ghrelin levels. The stimulatory effect of ghrelin 
on prolactin secretion reflects the direct stimulation of somato-
mammotroph cells. In this study we found a positive correlation 
between serum ghrelin and growth hormone levels (p<0.02, 
rho=0.489) in the correlation analysis. Takaya et al. (21) dem-
onstrated the stimulation of growth hormone, adrenocortico-
tropic hormone, cortisol, and prolactin after ghrelin injection. 
In another study, plasma total ghrelin values are found to be 
negatively correlated to IGF-I in patients with acromegaly (22). 
However, we found no significant correlation between serum 
prolactin and ghrelin levels. Furthermore, we evaluated the 

Table 1. Demographic characteristics and biochemical data 
for patients and control subjects

	 Patients	 Controls
	 (n=44)	 (n=32)	 p

Male/female	 8/36	 5/27	 0.51

Age (years)	 38.7±10.3	 40.9±8.4	 0.341

PRL (ng/mL)	 88.9±110.8	 8.7±3.8	 0.000

BMI (kg/m²)  	 30.7±5.8	 26.9±3.9	 0.011

WC (cm)	 93.3±14.1	 85.6±8.1	 0.018

HC (cm)	 101.4±12.9	 83.4±8.8	 0.012

FBG (mg/dL)	 88.6±11.1	 84.2±75.9	 0.07

HDL-C (mg/dL) 	 50.2±9.7	 53.2±19.9	 0.476

LDL-C (mg/dL)	 117.3±31.9	 114.3±34.9	 0.719

TG (mg/dL)	 123.5±54.2	 99.8±45.5	 0.050

Fasting insulin (IU/mL)	 12.3±7.3	 8.4±3.4	 0.013

HOMA-IR	 2.9±2.0	 1.6±0.6	 0.004

TSH	 2.08±0.9	 1.8±0.9	 0.182

BFP (%)	 34.9±7.6	 31.3±7.3	 0.131

*Data are presented as mean±SD
PRL: prolactin; BMI: body mass index; WC: waist circumference; HC: hip cir-
cumference; FBG: fasting blood glucose; HDL-C: high-density lipoprotein cho-
lesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride; HOMA-IR: 
homeostasis model assessment of insulin resistance; TSH: thyroid-stimulating 
hormone; BFP: body fat percentage

Table 2. Ghrelin levels in patients and controls

	 Ghrelin (pg/mL)	 p

Patients with remission (n=19)	 24.4±15.5

Patients with new diagnosis (n=25)	 27.4±16.3

Controls (n=32)	 25.6±11.8	 0.795

Figure 1. Relationship between levels of fasting serum ghrelin and 
glucose in patients with prolactinoma
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Figure 2. Relationship between levels of fasting serum ghrelin and 
HOMA-IR in patients with prolactinoma
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relation between ghrelin and body fat percentage and found no 
significant correlation.
We evaluated ghrelin levels in two groups of the patients with 
prolactinoma; one group had active prolactinoma and the 
other had patients under remission with cabergoline treat-
ment. We found higher ghrelin levels in newly diagnosed 
patients; however, the difference was not statistically signifi-
cant. Messini et al. (14) investigated the effect of bromocrip-
tine, which is a dopamine agonist similar to cabergoline on 
ghrelin-induced prolactin secretion in healthy premenopausal 
women. They demonstrated that bromocriptine block the 
stimulating effect of ghrelin on prolactin release (14). Thus, 
the insignificant lower levels of ghrelin in patients with remis-
sion may be related to the cabergoline effect of ghrelin on 
prolactin levels.
Ghrelin levels increase by fasting and decrease by food intake 
and overfeeding (23). Therefore, all samples were collected 
after eight hours of fasting. Conflicting results about the effect 
of gender on ghrelin levels were reported. To eliminate the 
possible effect of gender, we included participants with a 
similar ratio of both genders. Ghrelin reduces insulin secre-
tion in humans. Tschöp et al. (24) found a negative correlation 
between plasma ghrelin and insulin concentrations. Lucidi et 
al. (25) reported a clear reduction in circulating ghrelin levels 
with an increase in insulin levels during both hypoglycemic and 
euglycemic clamp 5. In contrast, we did not observe any corre-
lation between insulin and ghrelin levels. However, we found a 
negative correlation between ghrelin and fasting blood glucose 
levels and a positive correlation between ghrelin and HOMA-IR 
levels in multiple regression analysis. 
Hyperprolactinemia is related to increased food intake and 
body weight in rats, and suppression of prolactin causes weight 
loss (26, 27). The mechanism of how hyperprolactinemia 
causes weight gain is not clear. Therefore, we investigated 
whether ghrelin was associated with increased food intake by 
stimulating appetite or other mechanisms and body weight. 
The participants in the present study had BMI ≥30 kg/m². They 
had significantly higher BMI than the controls; however, ghrelin 
levels were higher in the patients with prolactinoma. In contrast 
to our finding, Tschöp et al. (15) found circulating ghrelin lev-
els in obese patients to be low. In patients with prolactinoma, 
it was found that the central dopaminergic tone is reduced 
because of the refractoriness of central dopaminergic neurons 
to prolactin, and it may contribute to weight gain in patients 
with prolactinoma (28). The central stimulation of dopamine 
receptors, either dopamine receptor 1 or dopamine receptors 2 
and 3 simultaneously, leads to a significant decrease in ghrelin-
induced food intake (29). 
It could be argued that the level of ghrelin was evaluated with-
out performing dynamic test. We accept this as a limitation 
of our study. Another limitation is the evaluation of only total 
ghrelin levels without separately evaluating the levels of full 
length ghrelin (acyl plus des-acyl) and des-acyl ghrelin as rec-
ommended by Liu et al. (30).
In conclusion, ghrelin has no effect on weight gain in patients 
diagnosed with prolactinoma. Plasma ghrelin may not directly 
reflect the ghrelin level in the pituitary gland. Further larger 

studies are needed to determine the relation between prolactin 
and ghrelin on obesity in patients with prolactinoma.
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