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ABSTRACT

The purpose of the study was to compare the efficiency of healthy lifestyle (healthy diet
and exercise) in reducing weight gain risk. The study was a controlled experiment performed
from 2023 to 2024, and three groups of males were selected (males with normal weight,
overweight males, and males with type 1 obesity). Their daily lifestyle was determined. A
healthy lifestyle was designed to prevent the risk of weight gain and related hormonal
disorders. The study was conducted in the Maternity and Children Teaching Hospital in
Ramadi City, Irag. A total of 90 males were included: 60 males with body mass indices
(BMIs) of more than 25 and 30 males with BMls less than 25. The overweight and obese
participants adopted the healthy lifestyle for four weeks. Anthropometric measurements,
including BMI, waist circumference (WC), and fat percentage, were measured with a special
formula, and serum leptin, testosterone, cortisol, and growth hormone (GH) concentrations
were measured. Results showed considerable increases in BMI, WC, fat percentage, and
cortisol and leptin hormone concentrations, whereas testosterone and GH concentrations
considerably decreased in overweight and obese males compared with males with normal
weight before they adopted the health lifestyle. Meanwhile, BMI, fat, WC, and leptin and
cortisol concentrations decreased, and testosterone and GH concentrations increased. The
concentrations of GH after 60 and 90 min of stimulation with clonidine in overweight and
obese males considerably increased relative to their results before the adoption of the healthy
lifestyle. Healthy eating and physical activity limited weight gain and improved hormonal
results. Thus, lifestyle changes can improve overall health.

Introduction

The human body consumes and utilizes food (raw
material )to build the body, convert it to energy, and
store it. Thus, our bodies have complex systems for
controlling food consumption, and these systems are
driven by hormones [1].

Endocrine glands produce chemical messengers
known as hormones, which help to regulate metabolic
activity and water and electrolyte coordination. The
main bodily functions include regulating and stimulating
the body’s growth and promoting the development of
sexual organs [2].

The endocrine system is a complex system
consisting of hormone-producing glands, including the
hypothalamus, pituitary gland, adrenal gland (cortex and
medulla), thyroid gland, parathyroid gland, pancreas,
and gonads (testes in males and ovaries in females) [3].
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The word endocrine indicates response to stimuli.
Hormones secreted by endocrine glands are released
directly into the surrounding fluid (interstitial fluid).
Then, the hormones are transmitted via the interstitial
fluid and blood vessels to target cells. Hormones
interact with specific cell sites called receptors inside
(cytoplasmic receptors) and outside cell surfaces
(membrane-bound receptors) [4].

Hormones affect target cells (tissues) through
interactions between hormones and receptors,
Resulting reactions initiate a series of biochemical
reactions that alter cells’ functions or activities [5].

Growth hormone (GH) is a small protein synthesized in
the pituitary gland and secreted into the bloodstream.
Its major physiologic and bioactive component is a
22 kDa polypeptide chain containing 191 amino
acids [6].

GH is intermittently secreted by the anterior pituitary
gland when the hypothalamus releases GH-releasing
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hormone. The regulation of GH secretion is complex
and can be induced by other hormones, including
ghrelin, and inhibited by insulin-like growth factor 1
and somatostatin [7]. In addition, GH can be secreted
peripherally  through reproductive, respiratory,
alimentary, neural, and immune tissues and in the
skin (integumentary) and cardiovascular, muscular,
and skeletal systems [8].

After it enters the circulatory system, GH targets the
extracellular domain of the human GH receptor on
the surfaces of cells, such as adipocytes,
lymphocytes, and liver cells (hepatocytes) [9].

GH plays a crucial role in regulating peripheral, adipose,
connective, and muscle tissues, internal organs, and
endocrine glands and regulates the growth and
development of sexual organs. In addition, it
facilitates protein anabolism by increasing amino
acid uptake and protein synthesis, and regulates the
use of stored fat by stimulating the breakdown of
triglycerides [10].

GH increases sugar glucose levels in the bloodstream by
decreasing the amount glucose absorbed by muscle
cells and adipose tissues and promoting
gluconeogenesis (glucose production) from precursor
molecules in the liver. That is, GH has functions
opposite that of insulin [11].

Obesity and overweight are common conditions in many
countries, including Irag, and are defined as the
unusual accumulation of fat tissues in the body.
These conditions are caused by numerous factors,
poor diet, lack of exercise or sleep, certain medicines,
and genetic factors [12].

Obesity leads to the development of health problems,
including cardiovascular diseases, high blood
pressure, high cholesterol, breathing troubles
(asthma), sleep disorders, metabolic syndromes, and
type 2 diabetes [13].

The objectives of the study are as follows:

1- Measure GH, testosterone, leptin, and cortisol levels
in overweight and obese men before and after they
adopt the healthy lifestyle.

2- Explores how obesity and overweight affect hormone
secretion and how aerobic and resistance exercises
stimulate the secretion of hormones in obese or
overweight males.
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Materials and Methods

Study participants

The study was conducted in the Maternity and
Children Teaching Hospital in Ramadi City, Irag, from
November 2023 to May 2024. Ethical consent was
obtained from the review board, and a verbal consent of
participation was obtained from each individual.

The study included 90 males aged 18-22 (30
obese males, 30 overweight males, and 30 males with
normal weight). The males participating in the study did
not possess intestinal and immune illnesses or any
disease.

Anthropometric Assessment

All the study participants were weighed using the
same scale. Height was determined with a measuring
tape. Body mass index (BMI) was measured as weight
divided by height (kg/m? according to universal
formula.

BMI= weight (kg)/square height (m?
BMI was measured (CDC Growth Charts, 200) [14], and
the males were classified (Table 1).
Table 1: World Health Organization (WHO) body mass
index (BMI) Classification

Groups BMI
Underweight <18.5
Normal weight 18.5-24.9

Overweight 25-29.9
Obesity class | 30-34.9
Obesity class 11 35-39.9
Obesity class 111 >40.0

Waist circumference (WC) was measured from
the umbilicus at the horizontal level around the center
with a flexible and nonstretchable tape measure. Each
participant was asked to relax while exhaling during the
measurement.

Protocol

We aimed to design a four-week healthy diet program
with calculated calories for obese individuals. This
program, along with regular exercise, was implemented
to improve GH and testosterone secretion levels,
increase muscle mass, and lose weight.

Lifestyle interventions
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A healthy lifestyle program was then designed for
all study participants, and its implementation was
supervised by a diet specialist and an athletic coach.

The healthy dietary program used food with high
fiber content, low amounts of simple and complex
carbohydrates, high protein content, and low fat content.

Workout plan designed

The aim of prescribing exercise (aerobic and
resistance) for obese individuals is to stimulate GH
secretion. This procedure may serve as a
nonpharmacological method for reducing adipose tissue
deposits and increasing lean muscle mass.
Several factors were considered in the design of
exercises:

1- Exercise
2- Order exercise choice
3- Load

4- Volume and rest period length.

Blood Collection

Blood samples (5 ml) were collected through vein
puncture by using a sterile medical syringe from each
individual in the morning after 12 h of fasting. Each
blood sample was placed in a gel tube free of coagulants
and left at room temperature. Then, it was separated
with a centrifuge at 3000 cycles for 15 min, placed in
special tubes, and stored in a refrigerator under 20 °C.
Blood samples were collected from obese and
overweight males one month before and one month after
the adoption of the healthy diet and exercise program.
Specimens from the control group were collected once.

Leptin Assessment

Serum leptin concentration was measured
utilizing leptin (sandwich) and enzyme immunoassay
kit. This assay is only intended for in the vitro analysis
and is a solid-phase enzyme-linked immunosorbent
assay (ELISA) based on the sandwich principle [15].

Testosterone hormone Assessment
Serum testosterone hormone concentration was

determined with an ELISA kit (USA) [16].

Cortisol hormone Assessment
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A Minividas device was used to measure the cortisol
level according to the manufacturer’s instructions [17].

Human growth hormone Assessment

ELISA was performed using a kit from Biochek
HGH.

Blood samples were collected from all the
participants, and basal GH level and GH levels after 60
min (GH2) and 90 min (GH3) of induction with
clonidine were determined [18].

Statistical Analysis

All data were analyzed using SPSS and shown as
mean = standard error. ANOVA was used in comparing
means. A P value of <0.05 was considered statistically
significant.

Results

Table 2 shows the demographic characteristics
(before applying the healthy lifestyle) of the participants.
No significant difference in age (P < 0.05) was found
among overweight and obese males and males with
normal weight. BMI, fat percentage, and WC in
overweight and obese males significantly increased (P <
0.05) compared with those of males with normal weight.
BMI, fat percentage, and WC in obese males were
significantly higher (P < 0.05) than those of overweight
males.

Table 2: Demographic characteristics (mean * SE) of
overweight, obese, and normal-weight groups before the
adoption of the healthy lifestyle.

Obese Normal
Overweight Weight P
Parameters = Males
Males (n=30) (n=30) Males value
- (n=30)
19.83 = 20.38
Age (years) 20.69 + 0.54 032 054 N.S
BMI 3382+ 2452 "
(Kg/m2) 28.86 £0.21 081 093 0.000
35.86 = 27.04 £
Fat % 33.65+0.24 105 017 0.000*
109.01 + 92.16 + -
WC (cm) 99.02 £ 1.05 0.10 0.09 0.000

*P < 0.05 *SE: Standard Error *N.S: Not Significant
*BMI: Body Mass Index *WC: Waist Circumference

Table 3 shows the demographic characteristics (after the
adoption of healthy lifestyle) in the three groups. No
significant difference in age (P < 0.05) was found among
overweight, obese, and normal-weight males. A
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significant decrease (P < 0.05) in BMI, fat percentage,
and WC in obese people who adopted the healthy
lifestyle.
Table 3: Demographic characteristics (mean + SE) of
overweight, obese, and normal-weight groups after the
adoption of healthy lifestyle.

Obese Normal
Overweight Weight P
Parameters > Males
Males (n=30) (n=30) Males value
B (n=30)
19.83 + 20.38 +
Age (years) 20.69 £ 0.54 032 054 N.S
BMI 32.06 + 2452 +
(Kg/m2) 26.92 £0.61 108 093 0.000*
33.85+ 27.04 +
Fat % 30.01+0.58 0.90 017 0.000*
106.11 + 92.16 +
WC (cm) 95.05+0.21 1.09 0.09 0.00*

*P < 0.05 *SE: Standard Error * N.S: Not Significant
*BMI: Body Mass Index *WC: Waist Circumference

Table 4 shows hormone concentration in the sera (before
the adoption of the healthy lifestyle) in the three groups.
Significant increases (P < 0.05) in leptin and cortisol
concentrations in overweight and obese males were
observed compared with normal-weight males, and
significant increases (P < 0.05) in leptin and cortisol
concentrations were observed in obese males compared
with overweight males. Moreover, significant decreases
(P < 0.05) in testosterone concentration were observed
in overweight and obese males compared with normal-
weight males. Leptin and cortisol concentrations in
obese males significantly increased (P < 0.05) increase
relative to those of overweight males, but testosterone
concentrations in obese males significantly decreased (P
< 0.05) compared with those of overweight males

Table 4: Hormones (mean * SE) of overweight, obese, and
normal-weight groups before the adoption of the healthy

lifestyle.
Overweight | Obese Nor_mal
Weight P
Parameters Males Males
(n=30) (n=30) Males | value
(n=30)
. 29.88 + 33.18 | 19.56 £
Leptin (ng/ml) 025 +0.58 120 0.000*
316+ | 6.58+ .
Testosterone(ng/ml) | 4.27 £1.08 016 014 0.000
. 119.2 + 129.08 | 103.1+ -
Cortisol (ng/ml) 113 +1.01 017 0.000

*P <0.05 *SE: Standard Error * N.S: Not Significant

Table 5 shows hormone concentration (after the
adoption of healthy lifestyle on overweight and obese
males). Significant decreases (P < 0.05) in leptin and
cortisol concentrations were observed in overweight and
obese males after they adopted the healthy lifestyle.
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Significant increases (P < 0.05) in testosterone
concentrations were observed in overweight and obese
males were observed after the adoption of the healthy
lifestyle.

Table 5: Hormones (Mean £ S.E) of overweight, obese
and normal weight groups after applying the healthy
lifestyle.

Overweight | Obese Nor.mal
Weight P
Parameters Males Males
(n=30) (n=30) Males value
(n=30)
. 2922 | 1956+
Leptin (ng/ml) 25.03 £ 0.47 +1.09 120 0.000*
478 + 6.58 +
Testosterone(ng/ml) | 5.15+0.76 0.52 0.14 0.000*
. 113.01+ 120.21 | 103.11
Cortisol (ng/ml) 081 +0.92 +017 0.000*

*P <0.05 *SE: Standard Error * N.S: Not Significant

Table 6 shows that the serum concentrations of GH
(before the adoption of the healthy lifestyle) in the three
groups. Significant decreases (P < 0.05) in basal GH
were observed in overweight and obese males compared
with the normal-weight males. Moreover, the
concentrations of GH after 60 and 90 min of stimulation
with clonidine (GH3) in overweight and obese males
significantly decreased (P < 0.05) compared with those
of the normal-weight males.

Table 6: GH (mean + SE) of overweight, obese, and
normal-weight groups before the adoption of the healthy
lifestyle.

Obese Normal
Overweight Weight P
Parameters = Males
Males (n=30) (n=30) Males value
- (n=30)
Basal GH 1.16 £ 298 £ "
(ng/ml) 1.53 £0.63 0.2 0.65 0.000
GH2 (ng/ml) | 5.86+1.12 468321 13;%21' 0.000*
GH3 (ng/ml) 4.31+0.18 +364127 869181 0.000*

*P <0.05 *SE: Standard Error * N.S: Not Significant

Table 7 shows that the serum concentrations of GH
(after the adoption of the healthy lifestyle on overweight
and obese males only). Significant increase (P < 0.05) in
basal GH was observed in overweight and obese males
after they adopted the healthy lifestyle. Moreover, the
concentrations of GH after 60 and 90 min of stimulation
with clonidine (GH3) in overweight and obese males
significantly increased (P < 0.05) after the adoption of
the healthy lifestyle.
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Table 7: GH (Mean £ S.E) of overweight, obese and
normal weight groups after applying the healthy
lifestyle.

Obese Normal
Overweight Weight P
Parameters = Males
Males (n=30) (n=30) Males value
- (n=30)
Basal GH 258+ 298 + -
(ng/ml) 2.40+0.12 0.50 0.65 0.000
GH2 (ng/ml) | 6.28+0.70 5'17f21 131'%731' 0.000*
GH3 (ng/ml) 5.63+ 0.55 fdoeszg 8(')9:; 0.000*

*P < 0.05 *SE: Standard Error * N.S: Not Significant

Discussion
Three groups of males were compared: groups with

BMIs of <25 or >25 kg/m? and another group divided
into overweight and obese groups according to the WHO
classification.

All the parameters for overweight and obese males
improved after the adoption of the healthy lifestyle for 4
weeks.

Most individuals are at risk to overweight and obesity
because of unhealthy lifestyle changes, such as
unhealthy meal choices, excessive snacking, lack of
understanding of healthy food options, and low intake of
vegetables and fruits. Other factors include increased use
of electronic devices and lack of physical activity [19].
Young people, especially males, are more willing and
motivated to lose weight to improve their social image
and confidence.

Table 3 shows decreases in fat percentages, WC, and
BMI in obese and overweight males relative to the
results in Table 2. These decreases are caused by diet
and exercise performed continuously over time and
reliance on fat stored in adipose tissues to meet the
body’s energy needs [20].

Physical activity decreased the risk of abdominal
obesity, consistent with the results of a previous study
[20], which reported that high physical activity
decreased the risk of abdominal obesity (WC) by 61%.
Another study comparing obese individuals who
regularly exercised and those who infrequently exercised
showed decrease in visceral, adipose, and subcutaneous
tissues [19].

Table 4.5 shows that leptin concentration is significantly
higher in people who suffer from obesity and overweight
than in normal-weight people. Overweight and obese
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people show increased leptin levels, which result in
leptin resistance, weight gain, and fat accumulation in
the body. Leptin concentration considerable increases in
some parts of the body [21].

High serum leptin concentrations have been linked to
weight gain caused by the consumption of unhealthy
food rich in calories. Under normal physiological
conditions, leptin stops hunger by stimulating
anorexigenic nerve cells and plays an important role in
the regulation of sleep—wake cycle, immune processes,
and sexual behavior and function [22].

Leptin is the protein encoded by fat cell-specific ob
genes, playing an essential role in the regulation of body
weight. This function is mainly accomplished by
reducing food intake, inhibiting the secretion of
neuropeptide Y, and increasing energy expenditure. In
fact, serum leptin concentration increases in obese and
overweight people and clinical conditions related to
increased body fat, including adult GH deficiency,
Cushing’s syndrome, and anorexia nervosa [23].
Meanwhile, GH plays a major role in the regulation of
body composition through lipolysis and nitrogen
sparing. This role was demonstrated in GH-deficient
patients and obese individuals who received GH [24].
Tables 4 and 5 show low testosterone concentrations in
overweight and obese males, consistent with the results
of Fernandez-Garcia et al. [25].

Testosterone concentration is linked inversely to BMI
level in males. In this study, testosterone concentrations
decreased in overweight and obese males.

The correlation between androgen level and obesity in
males and females are attributed to imbalance in
metabolism ad sex hormones, variation in BMI, and
variation in androgen concentration in individuals with
infertility and endocrine disorders [26].

Obesity in the modern society is associated with factors
that promote cortisol production, such as chronic stress,
sleep deprivation, and consumption of food with a high
glycemic indices [27].

The results of the present study showed significant
increase in cortisol concentration in overweight and
obese males with high BMI, fat percentage, and WC.
These results are consistent with those of a pervious
study [28], which showed that 10 kg/m? increase in BMI
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might increase cortisol level 2.5-fold in subcutaneous
adipose tissues.

Obesity in itself is a state of functional (relative)
hyposomatotropism. In obesity, spontaneous and
stimulated GH secretion decrease, whereas GH
clearance increases, and weight loss induced by GH
secretion is reversed [29]. Table 7 indicates similar
results.

GH has a remarkable metabolic effect, and its secretion
is greatly reduced in obese people [30]. However,
hormonal concentration increased with decreasing body
weight (Table 7).

Moreover, decreasing the frequency of meals to less
than three times and having no snacks between main
meals increase the risk of obesity. This effects may be
attributed to the fact that the amount of calories
consumed exceeds energy expenditure after starvation.
Thus, the obesity and overweight are the direct results of
this imbalance between energy consumption and the
number of calories consumed. This finding is in
agreement with that of a previous study [28].

Conclusions

Healthy eating and daily physical activity are
associated with low risk of obesity, and the risk of the
overweight and obesity can be prevented through simple
changes in behavior.

Acknowledgments

This study was supported by the Maternity and
Children Teaching Hospital in Ramadi City, Irag, and
thanks are due to the workers in the laboratory
department at the hospital for their assistance.

Conflict of Interest
The author declares that there is no conflict of
interest

References

[1]. Hautekiet, P., Saenen, N. D., Martens, D. S., Debay,
M., Van der Heyden, J., Nawrot, T. S., & De
Clercq, E. M. (2022). A healthy lifestyle is
positively associated with mental health and well-
being and core markers in ageing. BMC medicine,
20(1), 328. https://doi.org/10.1186/s12916-022-
02524-9

Journal of University of Anbar for Pure Science (JUAPS)

85

Open Access

[2]. Geng, T., Zhu, K., Lu, Q., Wan, Z., Chen, X., Liu,
L., ... & Liu, G. (2023). Healthy lifestyle behaviors,
mediating biomarkers, and risk of microvascular
complications among individuals with type 2
diabetes: A cohort study. PLoS medicine, 20(1),
e1004135.
https://doi.org/10.1371/journal.pmed.1004135

[3]. Rindi, G., Mete, O., Uccella, S., Basturk, O., La
Rosa, S., Brosens, L. A, ... & Asa, S. L. (2022).
Overview of the 2022 WHO classification of
neuroendocrine neoplasms. Endocrine pathology,
33(1), 115-154.  https://doi.org/10.1007/s12022-
022-09708-2

[4]. Cappola, A. R., Auchus, R. J., EI-Hajj Fuleihan, G.,
Handelsman, D. J., Kalyani, R. R., McClung, M., ...
& Verhalis, J. G. (2023). Hormones and aging: an
endocrine society scientific statement. The Journal
of Clinical Endocrinology & Metabolism, 108(8),
1835-1874. https://doi.org/10.1210/clinem/dgad225

[5]. Caporale, N., Leemans, M., Birgersson, L.,
Germain, P. L., Cheroni, C., Borbély, G., ... &
Testa, G. (2022). From cohorts to molecules:
Adverse impacts of endocrine disrupting mixtures.
Science, 375(6582), eabe8244.
https://doi.org/10.1126/science.abe8244

[6]. Halmos, G., Szabo, Z., Juhasz, E., & Schally, A. V.
(2023). Signaling mechanism of growth hormone-
releasing hormone receptor. In Vitamins and
Hormones (Vol. 123, pp. 1-26). Academic Press.
https://doi.org/10.1016/bs.vh.2023.06.004

[7]. Wasinski, F., Frazdo, R., & Donato, J. (2020).
Effects of growth hormone in the central nervous
system. Archives of endocrinology and metabolism,
63, 549-556. https://doi.org/10.20945/2359-
3997000000184

[8]. Hymer, W. C., Kennett, M. J., Maji, S. K,
Gosselink, K. L., McCall, G. E., Grindeland, R. E.,

. & Kraemer, W. J. (2020). Bioactive growth
hormone in humans: controversies, complexities
and concepts. Growth Hormone & IGF Research,
50, 9-22. https://doi.org/10.1016/j.ghir.2019.11.003

[9]. Thornton, P., Hofman, P., Maniatis, A., Aghajanova,
E., Chertok, E., Korpal-Szczyrska, M., ... & Leff, J.
(2019). OR17-4 Transcon growth hormone In the
treatment of pediatric growth hormone deficiency:
results of the phase 3 height trial. Journal of the
Endocrine Society, 3(Supplement_1), OR17-4.
https://doi.org/10.1210/js.2019-OR17-4

[10]. Birzniece, V., & Ho, K. K. (2021). Mechanisms in
endocrinology: paracrine and endocrine control of
the growth hormone axis by estrogen. European



https://doi.org/10.1186/s12916-022-02524-9
https://doi.org/10.1186/s12916-022-02524-9
https://doi.org/10.1371/journal.pmed.1004135
https://doi.org/10.1007/s12022-022-09708-2
https://doi.org/10.1007/s12022-022-09708-2
https://doi.org/10.1210/clinem/dgad225
https://doi.org/10.1126/science.abe8244
https://doi.org/10.1016/bs.vh.2023.06.004
https://doi.org/10.20945/2359-3997000000184
https://doi.org/10.20945/2359-3997000000184
https://doi.org/10.1016/j.ghir.2019.11.003
https://doi.org/10.1210/js.2019-OR17-4

P- ISSN 1991-8941 E-ISSN 2706-6703
2024,(18), (02):80 — 87

Journal of Endocrinology, 184(6), R269-R278.
https://doi.org/10.1530/EJE-21-0155

[11]. Rezaieg, N. S. (2021). Effect of Two Types of Diet
on Cholecystokinin (CCK) Level in Three Groups
of Males. Journal of the university of Anbar for
Pure science, 15(2).
https://doi.org/10.37652/juaps.2022.172446

[12]. Rezaieg, N. S. (2022). The Effect of Sweet-tasting
Foods Addiction on Appetite-related Hormones
among Obese Adolescents. Al-Anbar Medical
Journal, 18(1), 15-20.
http://dx.doi.org/10.33091/amj.2021.174525

[13]. Wilding, J. P., Batterham, R. L., Calanna, S.,
Davies, M., Van Gaal, L. F., Lingvay, I, .. &
Kushner, R. F. (2021). Once-weekly semaglutide in
adults with overweight or obesity. New England
Journal of Medicine, 384(11), 989-1002. DOI:
10.1056/NEJM0a2032183

[14]. Blundell, J. E., Dulloo, A. G., Salvador, J.,
Frihbeck, G., & on behalf of the EASO SAB
Working Group on BMI, G. (2014). Beyond BMI-
phenotyping the obesities. Obesity Facts, 7(5), 322-
328. DOI: 10.1159/000368783

[15]. Hickey, M. S., Considine, R. V., Israel, R. G,
Mahar, T. L., McCammon, M. R., Tyndall, G. L., ...
& Caro, J. F. (1996). Leptin is related to body fat
content in male distance runners. American Journal
of Physiology-Endocrinology and Metabolism,
271(5), E938-E940.
https://doi.org/10.1152/ajpendo.1996.271.5.E938

[16]. Kaltsas, G. A., Mukherjee, J. J., Kola, B., Isidori,
A. M., Hanson, J. A., Dacie, J. E., ... & Grossman,
A. B. (2003). Is ovarian and adrenal venous
catheterization and sampling helpful in the
investigation of hyperandrogenic women?. Clinical
endocrinology, 59(1), 34-43.
https://doi.org/10.1046/j.1365-2265.2003.01792.x

[17]. Dettenborn, L., Tietze, A., Bruckner, F., &
Kirschbaum, C. (2010). Higher cortisol content in
hair among long-term unemployed individuals
compared to controls. Psychoneuroendocrinology,
35(9), 1404-14009.
https://doi.org/10.1016/j.psyneuen.2010.04.006

[18] Schilbach, K., & Bidlingmaier, M. (2019).
Laboratory investigations in the diagnosis and
follow-up of GH-related disorders. Archives of
endocrinology and metabolism, 63(6), 618-629.
https://doi.org/10.20945/2359-3997000000192

[19]. Sultana, S., Rahman, M. M., Sigel, B., &
Hashizume, M. (2021). Associations of lifestyle
risk factors with overweight or obesity among
adolescents: a multicountry analysis. The American

Journal of University of Anbar for Pure Science (JUAPS)

86

Open Access

journal of clinical nutrition, 113(3), 742-750.
https://doi.org/10.1093/ajcn/nqaa337

[20]. Olateju, 1. V., Opaleye-Enakhimion, T., Udeogu, J.
E., Asuquo, J., Olaleye, K. T., Osa, E., &
Oladunjoye, A. F. (2023). A systematic review on
the effectiveness of diet and exercise in the
management of obesity. Diabetes & Metabolic
Syndrome: Clinical Research & Reviews, 17(4),
102759. https://doi.org/10.1016/j.dsx.2023.102759

[21]. Vilarifio-Garcia, T., Polonio-Gonzélez, M. L.,
Pérez-Pérez, A., Ribalta, J., Arrieta, F., Aguilar, M.,
... & Sanchez-Margalet, V. (2024). Role of Leptin
in Obesity, Cardiovascular Disease, and Type 2
Diabetes. International Journal of Molecular
Sciences, 25(4), 2338.
https://doi.org/10.3390/ijms25042338

[22]. Genchi, V. A., D’Oria, R., Palma, G., Caccioppoli,
C., Cignarelli, A., Natalicchio, A., ... & Perrini, S.
(2021). Impaired leptin signalling in obesity: is
leptin a new thermolipokine?. International journal
of molecular sciences, 22(12), 6445,
https://doi.org/10.3390/ijms22126445

[23] Genchi, V. A., D’Oria, R., Palma, G., Caccioppoli,
C., Cignarelli, A., Natalicchio, A., ... & Perrini, S.
(2021). Impaired leptin signalling in obesity: is
leptin a new thermolipokine?. International journal
of molecular sciences, 22(12), 6445,
https://doi.org/10.3390/ijms22126445

[24]. Barrios, V., Frago, L. M., Canelles, S., Guerra-
Cantera, S., Arilla-Ferreiro, E., Chowen, J. A., &
Argente, J. (2021). Leptin modulates the response
of brown adipose tissue to negative energy balance:
Implication of the GH/IGF-I axis. International
Journal of Molecular Sciences, 22(6), 2827.
https://doi.org/10.3390/ijms22062827

[25]. Fernandez-Garcia, J. C., Barrios-Rodriguez, R.,
Asenjo-Plaza, M., Ramos-Molina, B., Molina-
Vega, M., Guzman-Guzman, A, ... & Tinahones, F.
J. (2022). Metformin, testosterone, or both in men
with obesity and low testosterone: A double-blind,
parallel-group, randomized controlled trial.
Metabolism, 136, 155290.
https://doi.org/10.1016/j.metabol.2022.155290

[26]. Wei, D., Hou, J., Liu, X., Zhang, L., Wang, L., Liu,
P., .. & Mao, Z. (2021). Interaction between
testosterone and obesity on hypertension: a
population-based cross-sectional study.
Atherosclerosis, 330, 14-21.
https://doi.org/10.1016/j.atherosclerosis.2021.06.90
6

[27]. Qi, X., Cui, B., & Cao, M. (2022). The role of
morning plasma cortisol in obesity: a bidirectional



https://doi.org/10.1530/EJE-21-0155
https://doi.org/10.37652/juaps.2022.172446
http://dx.doi.org/10.33091/amj.2021.174525
https://doi.org/10.1152/ajpendo.1996.271.5.E938
https://doi.org/10.1046/j.1365-2265.2003.01792.x
https://doi.org/10.1016/j.psyneuen.2010.04.006
https://doi.org/10.20945/2359-3997000000192
https://doi.org/10.1093/ajcn/nqaa337
https://doi.org/10.1016/j.dsx.2023.102759
https://doi.org/10.3390/ijms25042338
https://doi.org/10.3390/ijms22126445
https://doi.org/10.3390/ijms22126445
https://doi.org/10.3390/ijms22062827
https://doi.org/10.1016/j.metabol.2022.155290
https://doi.org/10.1016/j.atherosclerosis.2021.06.906
https://doi.org/10.1016/j.atherosclerosis.2021.06.906

P- ISSN 1991-8941 E-ISSN 2706-6703 Journal of University of Anbar for Pure Science (JUAPS) Open Access
2024,(18), (02):80 — 87

Mendelian randomization study. The Journal of on skeletal endpoints in  adults  with
Clinical Endocrinology & Metabolism, 107(5), overweight/obesity. European  journal of
€1954-e1960. endocrinology, 186(6), 619-629.
https://doi.org/10.1210/clinem/dgac008 https://doi.org/10.1530/EJE-21-1061

[28]. van der Valk, E. S., van der Voorn, B., lyer, A. [30]. Junior, M. C., Cerqueira, H. S. C., Filho, H. T., &
M., Mohseni, M., Leenen, P. J., Dik, W. A,, ... & Junior, C. E. M. (2023). Muscle hypertrophy
van Rossum, E. F. (2021). Hair cortisol, obesity and training does not suppress the GH/IGF axis in
the immune system: results from a 3 year young adult males. Journal of Endocrinological
longitudinal  study. Psychoneuroendocrinology, Investigation, 46(12), 2601-2607.
134, 105422. https://doi.org/10.1007/s40618-023-02116-1

https://doi.org/10.1016/j.psyneuen.2021.105422
[29]. Dichtel, L. E., Haines, M. S., Gerweck, A. V.,

Bollinger, B., Kimball, A., Schoenfeld, D., ... &

Miller, K. K. (2022). Impact of GH administration

ABe g ddacdl g 09 3L Cra (silan Gl HgSA de dad) Bl g dgaal) el 5l
il g ) ans ol gianay
Tio S sl

Gl ¢ L) ¢ LY A i 4 e
s dladal)
ol by lad Ji  (Laly ) A jlea s oaaal) 3a)) Usill) sall slad) Jaah oA dllad 45 lae ) Ayl Chdas
653 S S e Gl pane E LA W3 Cum (YEYE LI YOYY Gle (e Gy pal 480 daials 4t e 5 ke Al al) il
Bas Laad el o5 oo sill pghon T A yee a3 (V) sl e Adandl e sila 55835 0580 B 5 (e Gl S35 b 0
Line b adeil) Qa1 g 52Y ) Ladiie 3 A yal) Cy al Loy Alag yall 4 e el il a5 050 53l ) halie il agl aua
Gl a5 Y0 (e Bl anaad) AS 38500 15S3 Y0 Laiy Y0 (e ST sl ABS piay 1583 10 11783 40 Al all cilad 31 jall / sala )
e e Al 4 Jia g s Y Labll (a8 o3 gl dag i el dand) g (5350 830 ) (e Gsiba 0 S LS e aall slal) o
eaall (2 saill (5 9a  5 I3 i sSW 5 O pfies sl il 58 55 Gl o Aualds Aipa Aol 52 0 52l) Ay paadll Jasma 5 sl ALS
s sSh Osep 38555 Ol Ay yeadll ama g anall ABS jle (85 S B3 lin OIS Al jall (8 (S jLaall 3 8Y) aead]
4 )lhe ddanll 5 0 35l 3ol ) e (o slan o) sSA (sl saill (5 50 38 5 O s sinll (50 8 38 5 (A S paliad) @l IS Laiy ¢l
Oalll g padll o g0l 5 aneald) QIS jle 8 Qi) dlia S Ly auall slall Jaas Gudai Ji agdall 050 (550 ) sSAL
O 4882 Qv 22y g 4882 T o 22y gail) (50 0 O3S 55 ) ) LS ¢ paill (5 50 38 5 (5 s sl (s 08 38 55 (8 B3k 5 I 35S S i
IS ol shall Jaai (Gudat J8 agailing 40 )l S JS Aiand) 5 ¢ 5l 3205 e Osilan ull ) SA (ol (GH3) cpaislSlly iaill
O e Jull s Al iS1 S 4 e pel) S Gaunt s ¢35l 80l ) e aad) e 1506 ad) Ll g sl JSYI (g o il Jal)
Aalad) daal) fread e Jand Blad) Jaas ) s

Aalal) daall ¢ saill (5 g0 8 60 5 i i) €05 5085 5S¢l ¢ oaa Bls Jaad sApalidal) cilall)

87


https://doi.org/10.1210/clinem/dgac008
https://doi.org/10.1016/j.psyneuen.2021.105422
https://doi.org/10.1530/EJE-21-1061
https://doi.org/10.1007/s40618-023-02116-1

