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Abst rac t 
Introduction: Ghrelin has anti-inflammatory and immunomodulatory activities. Data about the role of ghrelin and 
ghrelin polymorphisms in the development of acne vulgaris in post-adolescent male patients are limited. 
Aim: To evaluate the role of serum androgens, insulin resistance, ghrelin and ghrelin polymorphisms in severe acne 
vulgaris. 
Material and methods: Thirty-five post-adolescent male patients with a mean age of 28.0 ±5.4 years and 33 age- 
and BMI-matched controls were enrolled. Serum androgens, lipids, insulin sensitivity parameters and ghrelin levels 
were determined. The PCR method was used for GHRL polymorphisms (rs27647, rs696217 and rs34911341 geno-
types).
Results: Patients had similar anthropometric measures to controls, except a significantly higher WHR in patients 
(0.92 ±0.06 vs. 0.86 ±0.08, p < 0.05). Also, FPG, HOMA-IR values, lipid profile and serum androgen levels were similar. 
Interestingly, patients had significantly lower ghrelin levels than controls (4.5 ±5.8 vs. 101.2 ±86.5 pg/ml, p < 0.001). 
The frequencies of rs696217 and rs34911341 genotypes were similar whereas the distribution of rs27647 alleles 
was significantly different between the groups (p < 0.05). GA and GG genotypes of GHRL rs27647 polymorphism 
indicated an increased risk of developing acne vulgaris (OR = 11.156, 95% CI: 2.864–43.464, OR = 5.312, 95% CI: 
1.269–22.244, respectively; p < 0.05). Patients with rs27647-AA polymorphism had significantly lower GAGS scores 
than other groups (AA genotype 6.7 ±14.1 vs. GA genotype 24.6 ±15.7 and GG genotype 19.4 ±17.9, p < 0.001). None 
of the polymorphisms had a significant effect on metabolic parameters, insulin sensitivity and serum ghrelin levels. 
Conclusions: Decreased ghrelin levels and GA and GG genotypes of GHRL gene rs27647 polymorphism may have 
a role in the pathogenesis of acne vulgaris. 
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Introduction

Acne is a chronic inflammatory disorder with papules, 
pustules, nodules and cysts in the pilosebaceous units 
of the face, chest and back [1, 2]. During adolescence, 
85% of teenagers are affected by this disorder. How-
ever, nowadays, many lifestyle factors such as Western 
type diet [3], obesity, occupation, stress [4] lead to the 

increase in the incidence of acne vulgaris in patients af-
ter the adolescence period [5]. Multiple etiologic factors 
such as increased sebum production, increased keratino-
cyte proliferation, colonization of the intrafollicular duct 
by Cutibacterium acnes (formerly Propionibacterium 
acnes), chronic inflammation, play a role in the devel-
opment of acne vulgaris [6, 7]. The sebaceous gland is 
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the major site of steroid synthesis in human skin. The 
sebaceous gland has all necessary enzymes for the syn-
thesis and metabolism of androgen from cholesterol to 
5α-dihydrotestosterone (DHT). Moreover, expression of 
androgen receptors (AR), estrogen receptors especially 
ERα and progesterone receptors have been shown in the 
previous studies [8, 9]. Androgens increase the activity of 
sebaceous glands leading to increased sebum production 
and stimulate keratinocyte proliferation [10]. 

In the recent epidemiologic studies, high-glycaemic-
load diets are shown to promote the development or 
exacerbation of acne vulgaris [11, 12]. It is thought that 
high-glycaemic-load diets induce hyperinsulinemia, 
which enhances the synthesis of androgens and insulin-
like growth factor-1 (IGF-1) [13]. IGF-1 induces keratinocyte 
proliferation, sebocyte proliferation and sebum produc-
tion [13]. Nevertheless, many disorders associated with 
hyperandrogenemia and insulin resistance such as poly-
cystic ovary syndrome and hyperandrogenism-insulin 
resistance-acanthosis nigricans (HAIR-AN) syndrome are 
the classic examples of endocrinological disorders closely 
associated with acne [14]. 

Ghrelin is a 28-aa acylated polypeptide hormone, 
secreted from the stomach with an orexigenic effect. It 
stimulates appetite, fat deposition and gluconeogenesis 
[15]. In obese patients, lower ghrelin levels were reported 
compared to controls, suggesting a relationship between 
ghrelin and metabolic disorders [16, 17]. Nevertheless, 
a negative correlation between levels of total ghrelin 
and number of components of metabolic syndrome was 
reported in the OPERA study [18]. Ghrelin is also reported 
to be the main endogenous ligand for growth hormone 
secretion [19]. Moreover, it has anti-inflammatory and 
immunomodulatory actions [20]. In a recently reported 
study, a strong ghrelin immunoreactivity was found in 
the hair follicles and sebaceous glands in the sections of 
human skin, suggesting a possible role of ghrelin in the 
pathogenesis of acne [21]. However, there are few studies 
in the literature regarding this issue [21–23]. 

The gene encoding ghrelin is the GHRL gene which is 
located on chromosome 3p26-25 and contains four ex-
ons and three introns. To date, at least 263 single nucleo-
tide polymorphisms (SNPs) in the GHRL gene have been 
reported. GHRL SNP rs27647 is located in the promoter 
region. GHRL rs696217 polymorphism is characterized by 
a G to T substitution resulting in a leucine (Leu) to me-
thionine (Met) exchange at position 72 in exon 2 of the 
coding region of the GHRL gene, whereas the rs34911341 
polymorphism is characterized by a C to T transition 
causing an arginine (Arg) to glutamine (Gln) exchange 
at position 51 in exon 2. In addition, these genetic varia-
tions in the GHRL gene may affect the expression and 
function of ghrelin protein and modulate the manifesta-
tion of different disorders [18, 24]. In the literature, these 
GHRL polymorphisms are reported to be associated with 
obesity [25], metabolic syndrome [26, 27], type 2 diabe-

tes [28] and breast cancer [29]. To date, there have been 
no data in the literature concerning the relationship be-
tween GHRL polymorphisms and the risk of acne vulgaris. 
Although there are many studies to find out the patho-
genesis of acne in female patients with acne vulgaris [3, 
30], there are few studies conducted on post-adolescent 
male patients with acne [31, 32]. 

Aim

In this study, we aimed to find out the role of serum 
androgens, insulin resistance, ghrelin and GHRL polymor-
phisms (rs27647, rs696217 and rs34911341 genotypes) 
on the development of acne in post-adolescent male pa-
tients with acne vulgaris. 

Material and methods 

Study population and design

This study was approved by the Ethics Committee 
for Clinical Studies of the Acıbadem University School of 
Medicine (Number 2017-7/11) and was performed in ac-
cordance with the guidelines of the Declaration of Hel-
sinki and written informed consent was obtained from all 
patients and controls before the study. 

We included 35 post-adolescent male patients with 
severe acne vulgaris without first-degree relatives with 
acne vulgaris and 33 age- and gender-matched healthy 
volunteers. Acne vulgaris patients who were admitted to 
the Department of Dermatology at Mugla Sitki Kocman 
University Training and Research Hospital between Janu-
ary and July 2017 were enrolled in the study. 

Post-adolescent male patients with severe acne 
vulgaris who were older than 18 years and received no 
systemic treatment for acne in the last 6 months and 
healthy volunteers were included in the study. The ex-
clusion criteria are female gender and presence of ma-
lignancies, active liver disease, renal disorders, infec-
tions, alcohol use, and medication use for conditions.  
Thirty-five acne patients were evaluated for the severity 
of acne by the dermatologist using the Global Acne Grad-
ing Scale (GAGS) [33]. It divides the face, chest and back 
into 6 sub-areas and evaluates both the distribution of 
the acne and the type of lesions. The total score is classi-
fied as mild (1–18), moderate (19–30), severe (31–38) and 
very severe (38–44). 

Demographic features, anthropometric measures and 
blood pressure values were recorded. Duration of the 
acne vulgaris was obtained by self-report. Age, weight, 
height, body mass index (BMI; weight (kilograms)/height 
(meters)2) and waist circumference (WC) and hip circum-
ference (waist: midway between the lower rib margin 
and the iliac crest, hip: widest circumference over the 
great trochanters) were evaluated at baseline. Fasting 
plasma glucose (FPG), fasting insulin and lipid profile (to-
tal cholesterol, triglycerides (TG), high density lipoprotein 
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cholesterol (HDL-C), low density lipoprotein cholesterol 
(LDL-C)) were measured. Homeostatic model assessment 
of insulin resistance (HOMA-IR = (fasting insulin (µU/ml) 
× FPG (mmol/l))/22.5) and LDL-C (LDL-C = total choles-
terol – (HDL-C + (TG/5))) were calculated as previously 
described [34]. 

The patients with HOMA-IR values > 2.7 were ac-
cepted as insulin-resistant. In all subjects, serum con-
centrations of luteinizing hormone (LH), follicle stimu-
lating hormone (FSH), sex hormone binding globulin 
(SHBG), dehydroepiandrosterone sulfate (DHEAS) and 
prolactin were measured. Free androgen index was cal-
culated using the following formula (FAI = (TT/SHBG) × 
100).

Also, serum fasting ghrelin levels and GHRL gene 
polymorphisms (rs27647, rs696217, rs34911341) were 
evaluated. 

Assays

Venous blood samples were obtained from the vol-
unteers after at least 8 h fasting in the morning. After 
that the blood samples were centrifuged at 3600 rpm for 
10 min. The obtained serum was stored at –80°C and all 
samples were evaluated at the same time. Glucose was 
measured with Cobas 6000 Analyzer (Roche Diagnostics, 
USA) by using the UV hexokinase method. Insulin was 
measured with the Cobas 6000 Analyzer (Roche Diag-
nostics, USA) immunoassay device by using the chemilu-
minescence immunoassay method. Triglyceride and total 
cholesterol levels were determined with the enzymatic 
colorimetric assay. HDL-C was determined with the ho-
mogenous enzymatic colorimetric assay. Serum LH, FSH, 
total testosterone, DHEAS, prolactin and SHBG were 
measured by electrochemiluminescence immunoassay 
on Modular Analytics E170 (Roche Diagnostics, Tokyo, 
Japan). Measurement of acylated ghrelin in plasma was 
performed using a double-antibody sandwich enzyme 
immunoassay (Human Acylated Ghrelin ELISA, BioVendor 
Laboratory Medicine, Inc., Modrice, Czech Republic, Cali-
bration Range 1.96–250 pg/ml) with Intra-assay (Within-
Run) CV = 8.0% (20 h at +4°C) CV = 7.0% (3 h at RT) and 
Inter-assay (Run-to-Run) CV = 8.4% (20 h at +4°C) CV = 
8.2% (3 h at RT).

Genotyping

After written, informed consent was obtained, ve-
nous blood samples were collected into vacutainer plas-
tic tubes containing sodium/potassium EDTA. DNA was 
extracted from Genejet Genomic DNA purification kit 
(Thermo Catalog number: K0721). We analysed rs27647 
(−604G/A) polymorphism in the promoter region and 
rs34911341 (Arg51Gln 346G/A), rs696217 (Leu72Met 
(408C/A) polymorphisms in exon 2 of the coding region 
of the GHRL gene.

Amplification of the target DNA in the promoter re-
gion was carried out using PCR condition at Table 1. The 
product was detected by electrophoresis in a 1.5% aga-
rose gel and visualized under ultraviolet light after stain-
ing with ethidium bromide. 

Statistical analysis

To complete statistical assessments, the Statistical 
Package for Social Sciences (SPSS) software for Windows 
18 (IBM SPSS Inc., Chicago, USA) was used. Data were 
shown as mean ± standard deviation (SD). A c2 or Fisher 
exact test was used to evaluate categorical variables. 
The mean differences of continuous variables with nor-
mal distribution between patients with acne and control 
groups were compared with an independent sample stu-
dent t-test and for those with non-normal distribution 
were compared with the Mann-Whitney U test when ap-
plicable. The allelic and genotypic frequencies of the poly-
morphisms were calculated both in the cases and healthy 
subjects. The association between GHRL polymorphisms 
and acne vulgaris was modelled through binary logistic 
regression analysis and odds ratio (OR) and 95% confi-
dence interval (95% CI) were calculated to compare the 
acne vulgaris risk around the genotype. The comparisons 
of patients in the groups of GHRL rs27647 gene geno-
types (AA-GA-GG) and GHRL rs696217 gene genotypes 
(CC-AA-CA) were performed by one-way analysis of vari-
ance (ANOVA) and post hoc Tukey test for dual-wise 
comparisons for normally distributed parameters, and 
Kruskal-Wallis one-way ANOVA and Mann-Whitney test 
for dual-wise comparisons for parameters with skewed 
distribution. A p-value less than 0.05 was considered to 
be statistically significant.

Table 1. PCR-RFLP conditions of the polymorphisms of the ghrelin genes

Gene Polymorphism Primers Temperature of 
annealing [°C]

Restriction 
endonuclease

PCR products

Ghrelin rs27647 P1
P2

65 DraI G allele: 664 and 265 bp
A allele: 929 bp

rs34911341 P3
P4

53 SacI G allele: 455 and 163 bp
A allele: 618 bp

rs696217 P3
P4

65 Bsr-I C allele: 517 and 101 bp
A allele: 618 bp

P1 – 5′-CACAGCAACAAAGCTGCACC-3′, P2 – 5′-AAGTCCAGCCAGAGCATGCC-3′, P3 – 5′-GCTGGGCTCCTACCTGAGC-3′, P4 – 5′-GGACCCTGTTCACTGCCAC-3′.
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Results

 Basal demographic features of the post-
adolescent acne patients and controls 

Thirty-five post-adolescent male patients with acne 
vulgaris with a mean age of 28.0 ±5.4 years and 33 age- 
and BMI-matched control subjects were enrolled in the 
study. Mean duration of the disease was 6.5 ±2.7 years. 
Mean GAGS of the patients was 34.4 ±3.0.

The comparison of demographic features, anthropo-
metric measures, laboratory findings and blood pressure 
values of the participants are summarized in Table 2. Pa-
tients with acne vulgaris and healthy subjects had simi-
lar anthropometric measures. Interestingly, the waist to 
hip ratio (WHR) of the acne vulgaris patients was signifi-
cantly higher compared to controls (p < 0.05). There was 
no significant difference in systolic blood pressure (SBP) 
and diastolic blood pressure (DBP) values between the 
groups. Both groups had similar FPG, insulin, HOMA-IR, 
TG and HDL-C levels whereas patients with acne vulgaris 
had significantly lower LDL-C levels compared to controls 

(p < 0.05). Regarding serum androgen levels, there was 
no significant difference between the groups. Interest-
ingly, patients with acne vulgaris had significantly lower 
serum ghrelin levels compared to the control group (p < 
0.001).

 Distribution of GHRL polymorphisms in post-
adolescent acne patients and controls

The frequencies of the genotypes of the GHRL genes 
in the participants are shown in Table 3. The patient 
group showed similar distribution with the control group 
in rs34911341 and rs696217 polymorphisms of the GHRL 
gene. On the other hand, the patients with acne vul-
garis had significantly different distribution of the fre-
quencies of the rs27647 polymorphism (p < 0.05). For 
GHRL rs27647 polymorphism, GA and GG genotype in-
dicated an increased risk of developing acne vulgaris 
(OR = 11.156, 95% CI: 2.864–43.464, OR = 5.312, 95% CI: 
1.269–22.244, respectively; Table 3).

Table 2. Comparison of the clinical characteristics and biochemical parameters of the control and post-adolescent male 
patients with acne vulgaris 

Parameter Control group
(n = 33)

Acne vulgaris group
(n = 35)

P-value

Age [years] 28.4 ±4.9 28.0 ±5.4 NS

Weight [kg] 72.8 ±6.8 73.7 ±7.5 NS

BMI [kg/m²] 23.9 ±2.1 23.7 ±2.2 NS

WHR 0.86 ±0.08 0.92 ±0.06 < 0.05

Systolic BP [mm Hg] 117.1 ±6.8 112.8 ±10.4 NS

Diastolic BP [mm Hg] 73.7 ±6.9 75.5 ±6.6 NS

FPG [mg/dl] 87.8 ±11.5 88.1 ±7.1 NS

Basal insulin [mU/l] 10.1 ±5.6 11.8 ±6.8 NS

HOMA-IR 2.2 ±1.3 2.5 ±1.5 NS

LDL-C [mg/dl] 108.3 ±34.7 87.6 ±28.4 < 0.05

Triglyceride [mg/dl] 128 ±66.3 111.8 ±50.4 NS

TC [mg/dl] 184.6 ±40.3 160 ±33.7 < 0.05

HDL-C [mg/dl] 54.1 ±14.4 55.8 ±17.3 NS

FSH [mIU/ml] 5.7 ±1.4 3.7 ±1.7 < 0.001

LH [mIU/ml] 5.5 ±1.4 5.1 ±1.8 NS

Total testosterone [ng/ml] 4.9 ±1.6 5.3 ±1.9 NS

SHBG [nmol/l] 29 ±9.7 30.7 ±16.4 NS

FAI 19.2 ±10.6 20.8 ±15.6 NS

DHEAS [µg/dl] 297.5 ±46.3 336.7 ±125.7 NS

Ghrelin [pg/ml] 101.2 ±86.5 4.5 ±5.8 < 0.001

Data were presented as mean ± SD, The p-values < 0.05 were assessed as statistically significant. N – number of volunteers, NS – non-significant, BMI – body 
mass index, WHR – waist to hip ratio, BP – blood pressure, FPG – fasting plasma glucose, HOMA-IR – homeostatic model assessment of insulin resistance,  
LDL-C – low-density lipoprotein cholesterol, TC – total cholesterol, HDL-C – high-density lipoprotein cholesterol, LH – luteinizing hormone, FSH – follicle stimulat-
ing hormone, SHBG – sex hormone binding globulin, FAI – free androgen index, DHEAS – dehydroepiandrosterone sulphate.
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 Clinical and biochemical characteristics of the 
post-adolescent patients with acne vulgaris 
according to GHRL gene polymorphisms

Table 4 summarizes the comparison of the clinical 
characteristics and biochemical parameters of the al-
leles of GHRL rs27647 gene genotype in acne vulgaris 
patients. Mean disease duration of the GA allele group 
of the patients was significantly shorter than in the GG 
allele group (5.4 ±1.7 years vs. 8.5 ±3.1 years, p < 0.007). 
The patients with rs27647 gene-AA genotype had sig-
nificantly lower GAGS than other patients with GA and 
GG genotypes (p < 0.001). Regarding anthropometric 
measures, blood pressure values, insulin sensitivity val-
ues and lipid profile, there was no significant difference 
among the groups. Moreover, the groups had similar se-
rum androgen and ghrelin levels.

Table 5 summarizes the comparison of the clinical 
characteristics and biochemical parameters of the al-
leles of GHRL rs696217 genotype in patients with acne 
vulgaris. There was no significant difference in mean dis-
ease duration and GAGS scores among the groups. The 
groups displayed similar anthropometric measures, insu-
lin sensitivity parameters, lipid profile and androgen lev-
els. Only, serum DHEAS levels in patients with rs696217 
gene-AA genotype were significantly higher than in other 
groups with CC and CA alleles (p < 0.05). Moreover, the 
groups showed similar serum ghrelin levels. 

Discussion

Acne vulgaris is a chronic inflammatory dermatosis 
and hyperinsulinemia and ghrelin might have a role in 
the development of acne. In this study, we revealed that 
post-adolescent male patients with acne vulgaris had 
similar anthropometric measures to controls, except 
higher WHR in patients. The patients with acne vulgaris 

had similar FPG, insulin levels and lipid profile to healthy 
subjects. There was no significant difference in serum 
androgen levels between the groups. Interestingly, male 
patients with acne vulgaris had significantly lower levels 
of ghrelin compared to controls. Regarding the distribu-
tion of GHRL gene polymorphisms (rs27647, rs696217 
and rs34911341 genotypes), there was no difference in 
the frequencies of rs696217 and rs34911341 genotypes 
between the groups whereas the distribution of rs27647 
alleles was significantly different between the groups. GA 
and GG genotypes of GHRL gene rs27647 polymorphism 
are associated with an increased risk of acne vulgaris de-
velopment and the severity of acne in post-adolescent 
male patients. None of the polymorphisms had a signifi-
cant effect on metabolic parameters, insulin sensitivity or 
serum ghrelin levels in patients with acne vulgaris. 

Most of the studies evaluating the association be-
tween androgens and acne vulgaris are conducted 
in women, especially with polycystic ovary syndrome 
(PCOS); there are few studies in the literature about this 
subject in male patients [35–38]. The plasma values of 
serum androgens for both groups of patients did not dif-
fer significantly from those of the age-matched control 
groups in some studies [1, 2, 32] whereas serum total 
testosterone, androstenedione and DHEAS levels were 
found to be significantly elevated in severe acne male 
patients compared to mild- and moderate acne patients 
[3, 38]. In our study, we evaluated serum androgen levels 
in post-adolescent acne patients and found comparable 
serum androgen levels to healthy subjects, in accordance 
with many studies in the literature. Since the majority of 
the patients with acne vulgaris have normal androgen 
levels, probably increased peripheral conversion of an-
drogens at the receptor site is the main mechanism [39].

Many metabolic disorders such as dyslipidaemia, 
obesity, metabolic syndrome and PCOS show comorbidity 

Table 3. Genotype and allele frequencies of ghrelin gene variants in post-adolescent male patients with acne vulgaris 
and healthy controls

Ghrelin gene Controls 
n (%)

Acne vulgaris
n (%)

OR (95% CI) P-value

rs27647:

AA 17 (51.5) 4 (11.4) Reference 0.002

GA 8 (24.2) 21 (60) 11.156 (2.864–43.464) 0.001

GG 8 (24.2) 10 (28.6) 5.312 (1.269–22.244)         0.022

rs34911341:

GG 33 (100) 35 (100)

rs696217:

CC 23 (69.6) 24 (68.6) Reference 0.817

AA 5 (15.2) 4 (14.4) 0.767 (0.183–3.216) 0.716

CA 5 (15.2) 7 (20.0) 1.342 (0.372–4.836) 0.653

The p-values < 0.05 were considered as statistically significant.
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with acne [40–43]. Nevertheless, in a large cross-section-
al study including 3207 patients with acne vulgaris and 
6412 age- and sex-matched control patients, acne vul-
garis was found to be significantly associated with meta-
bolic syndrome (OR = 1.61, 95% CI: 1.36–1.89), diabetes 
(OR = 1.41, 95% CI: 1.19–1.66), obesity (OR = 1.71, 95% CI: 
1.53–1.91), hyperlipidaemia (OR = 1.14, 95% CI: 1.02–1.28) 
and hypertension (OR = 1.19, 95% CI: 1.03–1.38) [42]. The 
prevalence of acne is about 70% in PCOS, which is a dis-
order with increased peripheral insulin resistance and hy-
perinsulinemia. The data about the relationship between 
acne and metabolic profile in male patients is limited in 
the literature [31, 32, 44]. In a study including 35 male 
and female patients with a mean age of 30.8 years, no 
significant differences were observed in FPG, insulin, lipid 
and HOMA-IR values between patients with acne and 
controls [44], in line with our study. In addition, Kaymak 
et al. failed to show any significant differences in FPG, 
fasting insulin levels and HOMA-IR values in 30 female 
and 19 male acne vulgaris patients with a mean age of 

21.7 [45]. In another study including 26 post-adolescent 
women with severe acne, serum androgens and insulin 
sensitivity markers were found to be similar to controls 
[46]. All these studies included both types of sexes or 
only women, whereas we evaluated exclusively male pa-
tients in our study. Contradictory to our results, Del Prete 
et al. reported higher BMI, WC, WHR, SBP, DBP, basal and 
OGTT 120 min. insulin, basal glucose levels and HOMA-IR 
values and lower HDL-cholesterol levels in patients with 
acne compared to controls [32]. In this study, the age of 
patients was 15-26 years including both adolescent and 
post-adolescent patients. We only found higher WHR in 
acne patients compared to healthy subjects. In a study 
including 100 male post-adolescent acne patients, mean 
BMI, SDP, DBP, FPG levels and HOMA-IR values were re-
ported to be significantly higher in patients compared to 
controls though all these parameters were within normal 
limits [31]. The prevalence of insulin resistance was also 
found to be significantly higher in patients compared 
to controls (22% vs. 11%, p = 0.03) whereas there was 

Table 4. Comparison of the clinical characteristics and biochemical parameters of the alleles of ghrelin rs27647 gene 
genotype in the post-adolescent patients with acne vulgaris 

Parameter AA (n = 4) GA (n = 21) GG (n = 10) P-value

Age [years] 25.0 ±3.2 27.9 ±5.6 29.4 ±5.8 NS

Disease duration [years] 6.7 ±3.5 5.4 ±1.7ª 8.5 ±3.1 < 0.007

GAGS 6.7 ±14.1b,c 24.6 ±15.7 19.4 ±17.9 0.001

Weight [kg] 70 ±7.1 74.6 ±6.9 73.3 ±9.1 NS

BMI [kg/m²] 22.4 ±2.9 23.9 ±2.1 23.8 ±2.6 NS

WHR 0.8 ±0.0 0.9 ±0.0 0.9 ±0.0 NS

Systolic BP [mm Hg] 110 ±8.1 111.4 ±11.5 117 ±8.2 NS

Diastolic BP [mm Hg] 71.2 ±2.5 75.2 ±7.4 78 ±4.8 NS

FPG [mg/dl] 87.2 ±9 89 ±6.5 86.6 ±8 NS

Basal insulin [mU/l] 12.7 ±12.5 12.1 ±6.5 10.7 ±5.3 NS

HOMA-IR 2.9 ±3.1 2.6 ±1.4 2.3 ±1.1 NS

LDL-C [mg/dl] 21.7 ±10.8 29 ±6.3 30.6 ±9.7 NS

Triglyceride [mg/dl] 75 ±32 124 ±56.4 101 ±33.6 NS

TC [mg/dl] 184.2 ±40.2 157.2 ±29.9 156 ±38.5 NS

HDL-C [mg/dl] 68.7 ±27.6 53 ±14.8 56.6 ±17.2 NS

FSH [mIU/ml] 2.8 ±1.8 3.4 ±1.4 4.5 ±2 NS

LH [mIU/ml] 6.4 ±0.5 4.9 ±1.8 4.8 ±2 NS

Total testosterone [ng/ml] 7.1 ±2.3 4.8 ±1.7 5.6 ±1.7 NS

SHBG [nmol/l] 47 ±36.5 29.9 ±11.8 25.8 ±11.1 NS

FAI 18.6 ±6 16.9 ±4.9 29.8 ±26.9 NS

DHEAS [µg/dl] 479.2 ±197 312.9 ±110.8 329.9 ±95.2 NS

Ghrelin [pg/ml] 2.9 ±0.6 4.6 ±5.5 4.8 ±7.6 NS

Data were presented as mean ± SD, The p-values < 0.05 were assessed as statistically significant. N – number of volunteers, NS – non-significant, GAGS – global 
acne grading score, BMI – body mass index, WHR – waist to hip ratio, BP – blood pressure, FPG – fasting plasma glucose, HOMA-IR – homeostatic model as-
sessment of insulin resistance, LDL-C – low-density lipoprotein cholesterol, TC – total cholesterol, HDL-C – high-density lipoprotein cholesterol, LH – luteinizing 
hormone, FSH – follicle stimulating hormone, SHBG – sex hormone binding globulin, FAI – free androgen index, DHEAS – dehydroepiandrosterone sulphate. ªp 
< 0.05; GA allele group vs. GG allele group. bp < 0.05; AA allele group vs. GG allele group. cp < 0.05; AA allele group vs. GA allele group. 
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Table 5. Comparison of the clinical characteristics and biochemical parameters of the alleles of ghrelin rs696217 gene 
genotype in the post-adolescent male patients with acne vulgaris 

Parameter CC (n = 24) AA (n = 4) CA (n = 7) P-value

Age [years] 28.0 ±4.9 23.2 ±2.6 30.8 ±6.9 NS

Disease duration [years] 6.5 ±2.8 5.5 ±2.5 6.8 ±3.1 NS

GAGS 17.5 ± 17.5 15.4 ±18.4 20.0 ±17.8 NS

Weight [kg] 73.6 ±8.1 72 ±4.5 75 ±7.3 NS

BMI [kg/m²] 24 ±2.3 23.1 ±0.8 23 ±2.5 NS

WHR 0.9 ±0.0 0.9 ±0.1 0.9 ±0.0 NS

Systolic BP [mm Hg] 112 ±11.7 115 ±5.7 111.2 ±7.8 NS

Diastolic BP [mm Hg] 75 ±6.9 76.2 ±7.5 77.1 ±5.6 NS

FPG [mg/dl] 88.4 ±6.8 87.5 ±7.8 87.5 ±8.8 NS

Basal insulin [mU/l] 11.3 ±5.7 6.8 ±2.9 16.2 ±9.7 NS

HOMA-IR 2.5 ±1.3 1.5 ±0.6 3.5 ±2.1 NS

LDL-C [mg/dl] 81 ±29.6 114.2 ±9.9 94.9 ±21.5 NS

Triglyceride [mg/dl] 122.6 ±53.6 85.5 ±45.7 90.1 ±29.4 NS

TC [mg/dl] 152 ±32.6 181.7 ±31 174.8. ±32.8 NS

HDL-C [mg/dl] 53.7 ±14.9 59.2 ±20.8 61.2 ±23.7 NS

FSH [mIU/ml] 3.4 ±1.5 4.3 ±2.8 4 ±1.7 NS

LH [mIU/ml] 4.9 ±1.9 6.6 ±0.3 4.5 ±1.7 NS

Total testosterone [ng/ml] 5.1 ±1.6 6.4 ±2.9 5.3 ±2.3 NS

SHBG [nmol/l] 28.3 ±11.2 44 ±38.3 31.2 ±13.3 NS

FAI 21.4 ±17.3 18.1 ±6.7 20.1 ±14 NS

DHEAS [µg/dl] 338.1 ±86.3ª 522.2 ±165.2 226.3 ±101.1b < 0.05

Ghrelin [pg/ml] 4.8 ±6.7 2.5 ±1.9 4.4 ±3.4 NS

Data were presented as mean ± SD, The p-values < 0.05 were assessed as statistically significant. N – number of volunteers, NS – non-significant, GAGS – global 
acne grading score, BMI – body mass index, WHR – waist to hip ratio, BP – blood pressure, FPG – fasting plasma glucose, HOMA-IR – homeostatic model as-
sessment of insulin resistance, LDL-C – low-density lipoprotein cholesterol, TC – total cholesterol, HDL-C – high-density lipoprotein cholesterol, LH – luteinizing 
hormone, FSH – follicle stimulating hormone, SHBG – sex hormone binding globulin, FAI – free androgen index, DHEAS – dehydroepiandrosterone sulphate.  
ªp < 0.05; CC allele group vs. AA allele group. bp < 0.05; CC allele group vs. CA allele group.

no significant difference in the prevalence of metabolic 
syndrome between the groups [31]. The severity of acne 
was associated with BMI but not with insulin resistance 
or metabolic syndrome [31]. These controversial results 
might be due to the heterogeneity of the participants in 
the studies. Moreover, all these results cannot exclude 
the local interaction between insulin and the piloseba-
ceous unit. 

Regarding the association between acne formation 
and ghrelin, the data are still inconclusive. Cicek et al. 
studied the ghrelin immunoreactivity by the immunohis-
tochemistry method in the pilosebaceous unit and serum 
ghrelin levels in 30 acne vulgaris patients aged 18–26 
years (15 M, 15 F) [21]. They demonstrated strong ghre-
lin immunoreactivity in the hair follicles and sebaceous 
glands [21]. The authors also found that the mean serum 
ghrelin levels in patients with acne vulgaris were signifi-
cantly lower than in healthy subjects (27.58 ±15.44 pg/
ml vs. 35.62±20.46 pg/ml, p = 0.04) [21], in line with our 
study. Although the prevalence of insulin resistance was 

significantly higher in patients with acne vulgaris, there 
was no significant difference in ghrelin levels between 
the patients with insulin resistance and without insulin 
resistance [21]. In a population-based study including  
519 hypertensive patients, ghrelin concentrations were 
reported to be negatively associated with fasting in-
sulin (p < 0.001), systolic (p = 0.026) and diastolic BP  
(p = 0.018), and the prevalence of type 2 diabetes  
(p = 0.015) and insulin resistance (p < 0.001) in the 
multivariate regression analysis [47]. Moreover, PCOS 
patients were shown to have lower ghrelin levels com-
pared to controls [48, 49] and low ghrelin levels were 
associated with insulin resistance [49]. Ozuguz et al. re-
ported similar ghrelin levels in 30 acne vulgaris patients 
(17 F, 13 M) aged 18-25 years and controls [22]. Cemil  
et al. evaluated the treatment effect of isotretinoin on 
serum adiponectin, leptin and ghrelin levels in acne vul-
garis patients (20 M, 12 F) and demonstrated that serum 
adiponectin and leptin levels increased significantly while 
serum ghrelin levels did not change [23]. In our study, we 
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found significantly lower ghrelin levels in patients with 
acne vulgaris compared to controls despite similar insu-
lin and HOMA-IR values. These results suggest that the 
decreased anti-inflammatory and anti-microbial effect of 
ghrelin may trigger inflammation and/or exacerbate the 
inflammatory process in the pathogenesis of acne vul-
garis independent of insulin resistance. Nevertheless, in 
many studies [50, 51], it has been reported that in physi-
ological concentrations, ghrelin shows bactericidal activ-
ity towards Cutibacterium acnes, which has a great role 
in the development of acne.

Ghrelin as an orexigenic hormone, the relationship 
between ghrelin and obesity, metabolic syndrome and 
the role of GHRL polymorphisms upon this issue are 
researched in several studies [25, 27, 52, 53]. Rs696217 
polymorphism was demonstrated to be associated with 
an increased risk of central obesity while rs27647geno-
type with a reduced risk [52]. Other studies however 
failed to show any significant association between meta-
bolic syndrome components and ghrelin polymorphisms 
[53]. Moreover, a significant decreasing trend from Leu/
Leu to Leu/Met and to Met/Met homozygous subjects in 
triglycerides, fasting insulin and HOMA-IR values was re-
ported in a study including 1420 subjects while a signifi-
cant decrease in insulin and HOMA-IR values from CC to 
TC and TT genotypes of rs27647 genotype was reported 
[54]. However, we failed to show any significant effect of 
these polymorphisms on metabolic parameters, insulin 
sensitivity markers and ghrelin levels in post-adolescent 
male patients with severe acne vulgaris. 

In the literature, there are genome-wide association 
studies about acne including large number of patients 
[55, 56]. He et al. included 1860 acne and 3660 healthy 
subjects of a Chinese Han population [55]. Three SNPs in 
two genome-wide significant susceptibility loci (1q24.2 
and 11p11.2) containing genes related to androgen me-
tabolism, inflammation processes and scar formation, 
such as selectin L (SELL) and the damage-specific DNA 
binding protein 2 (DDB2) were found to increase the 
risk of acne development [55]. In another study includ-
ing 1893 severe acne cases and 5132 controls from the 
United Kingdom, 7.3 million SNPS were tested in a GWAS 
[56]. Three genome-wide significant loci (11q13.1, 5q11.2 
and 1q41) containing genes linked to the transforming 
growth factor-b (TGFb) cell signalling pathway, namely 
OVOL1, FST and TGFB2 were discovered [56]. To date, 
there have been no data about the effect of GHRL poly-
morphisms on the development of post-adolescent acne 
in the literature. Interestingly, we demonstrated that 
the prevalence of rs27647 polymorphism GA phenotype 
was significantly higher in acne patients and found that 
individuals carrying the GA and GG genotype of GHRL 
rs27647polymorphism demonstrated an increased acne 
vulgaris risk. The risk of acne vulgaris was more than 
11,156 times higher in individuals with the GA genotype 
and 5,312 times higher in individuals with the GG geno-

type compared to the AA genotype. Patients with rs27647 
polymorphism AA genotype had significantly lower GAGS 
score than other genotypes, but no significant effect of 
these GHRL polymorphisms on metabolic parameters, 
insulin sensitivity markers and ghrelin levels was found 
in patients with acne vulgaris. 

Conclusions

Our study shows that post-adolescent male patients 
with acne vulgaris had similar insulin sensitivity param-
eters but significantly lower ghrelin levels compared to 
healthy subjects. As a potent anti-inflammatory and 
anti-microbial peptide in hair follicles and sebaceous 
glands of the human skin, decrease in ghrelin levels may 
have a major role in the pathogenesis of acne vulgaris. 
Moreover, we reported for the first time that GA and GG 
genotypes of GHRL gene rs27647 polymorphism are as-
sociated with an increased risk of acne vulgaris develop-
ment and the severity of acne in post-adolescent male 
patients. Further, large population based studies are 
needed to elucidate the role of ghrelin and GHRL poly-
morphisms in the pathogenesis of acne vulgaris. 
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