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Obesity is a public health problem that increasingly becomes widespread and causes various compli-
cations. Food addiction is a hedonic eating behavior characterized by overconsumption of palatable foods
(i.e., foods involve a high amount of salt, sugar and fat). Disturbances in the growth hormone signaling path-
way were shown to be associated with increased food intake and adiposity. The study aimed to determine the
growth hormone (GH), growth hormone receptor (GHR), insulin, and insulin-like growth factor 1 (IGF-1)
serum levels in individuals with obesity and food addiction. The present study involved 30 adults with obe-
sity (23 females and 7 males) and 10 healthy adults (5 females and 5 males). 18 obese adults were diagnosed
with food addiction, whereas only 2 individuals with food addiction were in the control group. GH, GHR,
IGF-1 and insulin values were analyzed with ELISA kits. It was revealed that the obese subjects had signifi-
cantly lower serum IGF-1 levels compared to healthy individuals (144.55+22.69 ng/ml vs 338.70+61.90 ng/ml,
P < 0.001)). No significant differences in the GH, GHR and insulin levels between obese and control groups
were detected (P > 0.05). No significant differences between the group with food addiction and the group with-
out food addiction in terms of gender, age, weight, BMI, GH, GHR, insulin and IGF-1 levels were observed.
Our study demonstrates that normal IGF-1 levels may be protective for the development of obesity. The serum
levels of GH, GHR, insulin, IGF-1 are not associated with food addiction and, therefore, can not be used as
novel markers of food addiction.

Keywords: obesity, food addiction, growth hormone, growth hormone receptor, insulin-like growth
factor 1.

besity is a public health problem that in-
O creasingly becomes widespread and causes

various complications. Food intake is vital
for survival and regulated by homeostatic and he-
donic mechanisms. Inadequate or excessive food in-
take that impairs energy balance is associated with
high comorbidity and causes to serious health prob-
lems [1, 2]. The increasing rate of obesity prevalence
has revealed the significance of food addiction.
Food addiction is a hedonic eating behavior charac-
terized by overconsumption of palatable foods (ie,
foods involve high amount of salt, sugar, and fat)
[3]. The most common symptoms of food addiction

are: 1. loss of control in eating, 2. continous and in-
creased amount of food intake despite the negative
consequences. Therefore, food addiction can be as-
sociated with obesity and eating disorders [4]. Food
intake that depends on the balance between hedonic
and metabolic pathways is mainly controlled by the
brain. Food addiction may disrupt the balance and
then lead to the development of obesity [5].

Growth hormone (GH) which is a single chain
polypeptide composed of 191 amino acids is synthe-
sized by somatotropic cells in the pituitary gland via
hypothalamic—pituitary axis. GH that interacts with
growth hormone receptor (GHR) is responsible for
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numerous biological functions such as regulation
of growth, metabolism of lipids, carbohydrates, and
proteins, regulation of glucose uptake and insulin
secretion. Ghrelin hormone which is synthesized
by the stomach is involved in the regulation of GH
production and elevated ghrelin levels induce GH
secretion. Insulin-like growth factor 1 (IGF-1) is im-
plicated in the inhibiton of GH secretion [6, 7].

GH stimulates lipolysis and oxidation of li-
pids during long-term fasting. Obesity and type 2
diabetes which have been associated with insulin
resistance are correlated with low amounts of GH re-
lease [8]. Disturbances in growth hormone signaling
pathway have been associated with increased food
intake and adiposity [9]. Despite particularly ab-
dominal obesity has been shown to lead to decrease
in GH release and IGF-1 levels, the relationship be-
tween GH and obesity is still unclear [10]. In the lite-
rature, no studies conducted with human samples in
order to determine the relationship between food ad-
diction and growth hormone.

In the present study, we aimed to investigate
the relationship between obesity, food addiction, and
growth hormone, growth hormone receptor, insulin,
and insulin-like growth factor 1 values in Turkish
population. In this regard, GH, GHR, IGF-1, and in-
sulin levels were analyzed in serum of human sub-
jects with obesity and/or food addiction.

Materials and Methods

Subjects. In the present study (hon-drug/non-
interventional clinical research), serum levels of hu-
man growth hormone (GH), growth hormone recep-
tor (GHR), insulin-like growth factor-1 (IGF- 1), and
insulin have been investigated in 2 groups. Group 1
(n = 30) was composed of overweight and obese
individuals, whereas group 2 (n = 10) con- tained
healthy individuals compatable with sex and age. In-
clusion criteria of the study were: a. informed con-
sent by volunteer, b. age between 18 and 48 years,
c. BMI for healthy subjects: 18.5< and <24.9; BMI
for obese: >30; BMI for overweight: 25 < and <30.
Exclusion criteria were: a. having metabolic dis-
turbances such as diabetes and thyroid problems,
b. using appetizing drugs such as steroids and an-
tip- sychotics, c. smoking, d. being chronic alcoholic,
e. being pregnant, f. being breastfeeding.

The current research was conducted based on
the principles of Helsinki Declaration. The research
permission was approved by Clinical Research
Ethics Committe of University of Health Sciences

Istanbul Fatih Sultan Mehmet Education and Re-
search Hospital (FSM EAH-KAEK 2019/21, date of
approval: 28/03/2019). All volunteers were recruited
at Endocrinology and Metabolic Diseases outpa-
tient clinic of Fatih Sultan Mehmet Education and
Re- search Hospital of University of Health Sciences
for face-to-face interviews and blood collection.
Measurement of weight and height values were car-
ried out with standard medical equipment. The Yale
Food Addiction Scale (YFAS) which was developed
by Gearthardt et al. [11] in 2009 and the validation
and reliability of Turkish version was secured by
Bayrak- tar et al. [12] in 2012 was used for the diag-
nosis of food addiction in the current study.

Determination of circulating metabolic bio-
markers. Serum GH, GHR, IGF-1, and insulin con-
centrations were determined by the enzyme-linked
immunosorbent assay (Elabscience ELISA Kits,
USA) based on the manufacturer’s instructions. All
of the experiments were performed in duplicate to
confirm the precision.

Statistical analysis. The statistical evalua-
tion of the findings were done by SPSS 25.0 (SPSS
Inc., Chicago, IL, USA). The Shapirowilk and Kol-
mogorov-Smirnov tests were applied to determine
whether the results with normal distribution or not.
Quantitative parameters with normal distribution are
shown as the means * standard deviations. Student’s
t-test or one-way ANOVA were applied in order to
compare the numerical data. The comparison of cat-
egorical variables were performed by chi-square test
(¥»). The P-value < 0.05 was considered statistically
significant.

Results and Discussion

The present study involved 30 adults with obe-
sity (23 females and 7 males) with the mean age of
29.43 + 8.42 years. In the control group, the mean age
of 10 adults (5 females and 5 males) was 28.60 + 4.55
years. No significant differences between the control
and obesity groups were observed in terms of gen-
der and age (P > 0.05). The number of the subjects
with food addiction was significantly higher in obese
group compared to the control group (P = 0.029).

The weight of participants with obesity were
significantly higher than the participants in the
control group (96.25+£20.37 kg vs 68.70+13.91 kg,
P < 0.001). The subjects with obesity had statisti-
cally significant higher BMI values than healthy in-
dividuals (34.90 + 6.67 kg/m2 vs 22.84 + 1.66 kg/
m?, P < 0.001).
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The mean GH levels in the control and
obese groups were 421.15 + 196.03 pg/ml and
529.38 + 309.32 pg/ml, respectively. The mean GHR
levels in the serum of the control and obese groups
were 10.00 + 1.85 ng/ml and 9.60 + 2.01 ng/ml, re-
spec- tively. The mean serum insulin values in the
control and obese groups were 6.17 + 1.28 mlU/I and
5.89 + 1.90 mIU/I, respectively. There were no sta-
tistically significant differences between obese and
control groups in terms of GH, GHR, and insulin
(P >0.05).

The healthy individuals had significantly higher
serum IGF-1 levels compared to the subjects with
obesity (338.70 + 61.90 ng/ml vs 144.55 + 22.69 ng/
ml, P < 0.001). Demographic and biochemical data
of healthy and obese individuals are seen in Table 1.

In the current study, obesity group was divided
into 2 subgroups (food addiction (FA) and non food
addiction (NFA)). The mean age of 18 obese adults
diagnosed with food addiction (16 females and 2
males) were 28.5 = 7.54 years. The mean age of 12
adults (7 females and 5 males) of the obese adults
without food addiction diagnosis was 30.83 + 9.77
years. No significant differences between FA and
NFA groups in terms of gender, age, weight, BMI,
GH, GHR, insulin, and IGF-1 were observed. Demo-
graphic and biochemical data of FA and NFA groups
are shown in Table 2.

Obesity which is considered as both neuro-
biological and metabolic disease is one of the most
significant health problems in the world [13]. The
complex etiology of obesity and food addiction is

Table 1. Demographic and clinical features and biochemical parameters of healthy and obese participants

Variables Control group, (n = 10) Obese group, (n = 30) e?r;[:;[;/ss?sc,ali
Male/Female, n (%) 5(50%)/5(50%) 7(23.4%)/23(76.6%) 0.117
FA/NFA, n (%) 2(20%)/8(80%) 18(60%0)/12(40%) 0.029

Mean SD Mean SD P
Age (years) 28.60 4.55 29.43 8.42 0.695
Weight (kg) 68.70 13.91 96.25 20.37 <0.001
BMI (kg/m?) 22.84 1.66 34.90 6.67 <0.001
GH (pg/ml) 421.15 196.03 529.38 309.32 0.308
GHR (ng/ml) 10.0 1.85 9.6 2.01 0.583
Insulin (m1U/1) 6.17 1.28 5.89 1.90 0.669
IGF-1 (ng/ml) 338.70 61.90 144.55 22.69 <0.001

FA: Food Addiction, NFA: Non Food Addiction, BMI: Body Mass Index, SD: Standard Deviation

Table 2. Comparison of clinical and biochemical parameters among obesity subgroups

Variables FA (n =18) NFA (n =12) Statistical analysis, P
Male/Female, n (%) 2(11.1%)/16 (88.9%) 5(41.7%)/7(58.3%) 0.055
Mean SD Mean SD P
Age (years) 28.5 754 30.83 9.77 0.467
Weight (kg) 96.94 23.85 95.208 14.58 0.824
BMI (kg/m?) 35.89 7.69 3341 4.70 0.329
GH (pg/ml) 603.55 320.88 418.12 265.74 0.109
GHR (ng/ml) 9.55 2.33 9.66 1.49 0.885
Insulin (m1U/1) 577 2.08 6.06 168 0.686
IGF-1 (ng/ml) 140.86 24.23 150.08 19.84 0.283

FA: Food Addiction, NFA: Non Food Addiction, BMI: Body Mass Index, SD: Standard Deviation
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unclear. Therefore, the factors implicated in the de-
velopment of obesity and food addiction are needed
to be elucidated.

Growth hormone signaling is implicated in
the modulation of growth, metabolism, and various
physiological functions associated with cardiovas-
cular, reproductive, hepatobiliary, gastrointestinal,
and renal systems [14]. Deficiency of GH induces
increased levels of body fat mass [15]. Deficiency
of growth hormone receptor has been related to in-
creased obesity risk and percentage of body fat [16].
In growth hormone-deficient subjects, it has been
reported that increased adiposity can not be reduced
by GH supplementation due to the decreased GHR
expression [17].

IGF-1 and GH may affect differentiation and
proliferation of adipocytes and there is interaction
between pituitary, liver, and adipose tissue [18]. On
the other hand, GH and IGF-1 values are controver-
sial and the molecular mechanisms are needed to be
elucidated in various human populations.

In a study conducted with morbid obese indi-
viduals, plasma IGF-1 values in obese individuals
were lower compared to controls [19]. Consistently,
our current study shows that IGF-1 levels are signifi-
cantly lower in obesity group compared to healthy
controls. In a study conducted with morbidly obese
individuals, it has been reported that decreased se-
rum IGF-1 levels are related with renal lesions [20].

Despite significant correlations between plasma
GH and IGF-1 levels and eating disorders such as
bulimia nervosa, anorexia nervosa [21], in the lite-
rature, no studies that investigated the relationship
between food addiction and GH, GHR, insulin, and
IGF-1 were found. Our results shows that serum GH,
GHR, insulin, and IGF-1 concentrations are not as-
sociated with food addiction in Turkish patients.

In conclusion, the current study demonstrates:
i) serum IGF-1 levels are significantly decreased in
obese individuals and these decreased levels may be
responsible for the development of obesity; ii) GH,
GHR, insulin, IGF-1 are not correlated with food
addiction and therefore, can not be used as novel
markers for food addiction.

Further various human populations studies are
needed to fully investigate the correlation between
GH, GHR, IGF-1 values and obesity and food ad-
diction.

Conflict of interest. Authors have completed
the Unified Conflicts of Interest form at http:/ukr-
biochemjournal.org/wp-content/uploads/2018/12/
coi_disclosure.pdf and declare no conflict of interest.

Acknowledgments. This study was supported
by the Department of Scientific Research Projects
of Hitit University (Project No: FEF19001.19.006).

PIBHI TOPMOHY POCTY,
PEIEIITOPA TOPMOHY POCTY TA
IHCYJIHONIOAIBHOI' O ®PAKTOPA
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XAPYOBOIO 3AJTEXHICTIO

O. Avsar'™, S. Sancak?, I. Koroglu®, E. Aver?

tHitit University, Department of Molecular
Biology and Genetics, Corum, Turkey;
2Fatih Sultan Mehmet Education and Research Hospital,
Department of Endocrinology, Istanbul, Turkey;
3Arapgir Ali Ozge State Hospital, Department
of Internal Medicine, Malatya, Turkey;
“Health Sciences University, Department
of Biochemistry, Ankara, Turkey;
*e-mail: orcunavsar@bhitit.edu.tr

OXupiHHsS € TpoOJEeMOI0  TPOMAICHKO-
ro 370pOB’I, sKa CTAa€ BCE OUIBII IOIIHpE-
HOIO 1 CPUYHWHSE Pi3HI YCKIamHEHHS. XapdoBa
3aJISKHICTD — I1e TENOHICTUYHA XapUuoBa MMOBEAiHKa,
IO XapaKTEePHU3YEThCSI HAIMIPHUM CIIOKHBAHHSIM
CMaYyHUX MPOAYKTiB (TOOTO MPOAYKTIB, IO MICTATH
BEJIUKY KINBKICTh COJIi, IIYKPY Ta XHpyY). Bimomo,
IO MOPYUICHHS CHTHAJIBHOTO HUISAXY TOPMOHY PO-
CTy TIOB’sI3aHi 3 IMiJIBUIICHUM CIOXXUBaHHIM 1Ki Ta
OXXHUPIHHAM. METOr0 JOCHiIKEHHs OyJI0 BU3HAYCH-
Hs1 piBHS TopMoHy pocTy (GH), peuentopa ropmo-
Hy pocty (GHR), inCynminy Ta iHCYNiHOMOMIOHOTO
¢dakropa pocty 1 (IGF-1) y cupoBaTmi Kposi
oci0 13 OKUPIHHSAM Ta Xap4yOBOK 3aJIEKHICTIO.
Hocaimxkeno 30 mopocnux i3 oxupinHsIM (23
KIHKKM Ta 7 4onoBikiB) Ta 10 370poBUX J0pOC-
aux (5 XiHOK Ta 5 4onoBikiB). Y 18 mopocnmx i3
OKUPIHHSM JIIalrHOCTOBAHO XapuoOBYy 3aJIeXKHICTb,
TOJli SIK Y KOHTPOJIBHIH Tpymi Oyio iuire 2 ocoou
3 xapyoBoto 3anexHictio. [lokasamkun GH, GHR,
IGF-1 Tta iHCyniHy mpoaHaii30BaHO 3a JONOMO-
roro ELISA.BusiBiieHo, mo y Jofei 3 OKHPIHHIM
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piBenb IGF-1 y cupoBaTui kpoBi OyB 3HAUHO HUX-
qyuM, HDK y 370poBux somed (144,55 + 22,69
ur/min mporu 338,70 + 61,90 ur/mu, P < 0,001).
3HauHux BiamiHHOcTel y piBHsax GH, GHR Ta
IHCYJIiIHy MK TpynamMu 3 OXHPIHHSIM Ta KOH-
TPOJILHOIO TPyIIO0 BusiBieHo He Oyio (P > 0,05).
3HaYHUX BIAMIHHOCTEH MIiX TPYIOI 3 Xap4yOBOIO
3aJIEKHICTIO Ta TPyNOI0 0e3 XapuoBOi 3aJIeKHOCTI
mopo crati, Biky, Baru, BMI, pisaiB GH, GHR,
incyniny Tta IGF-1 ne BusBneno. IlokaszaHo, 110
HopMmasHU# piBeHb IGF-1 Moxe OyTH 3aXUCHUM
(akTopom posputky oxupins. Pisai GH, GHR,
incyniny, IGF-1 y cupoBarmi KpoBi He TOB’sI3aHi 3
XapYOBOKO 3aJICKHICTIO 1, OTKE, HE MOXYTh OyTH
BHUKOPHCTaHI SIK HOBI MapKepH XapuoBOi MMOBEIIHKH.

KnanmoyoBi cnoBa:
3anexHnicts, GH, GHR, IGF-1.

OXXKHpPIHHS, XapyoBa
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