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Abstract Obesity is a community health problem affecting over one billion adult persons worldwide. Ghrelin and leptin
levels are influenced by body fat and pubertal stage. Leptin is known to play an important role in the pathogenesis of obesity.
The objective of this study was to evaluate the levels of the ghrelin and leptin in attempt to assess their role in the
pathogenesis of obesity in postmenopausal women. Methods: This study was performed on sixty postmenopausal obese
patients and 30 healthy controls. All obese patients have body mass index (BMI) > 30 Kg/m®. Among healthy persons, those
with a BMI<30 kg/m? were selected as the control group. Ghrelin and leptin concentrations were measured by ELISA method.
Results: Leptin levels were significantly higher in obese postmenopausal women compared to controls. On the contrary,
ghrelin levels were significantly lower in postmenopausal obese patients in comparison with the control group. Present study
revealed significant negative correlation between ghrelin and BMI (P< 0.001), and revealed significant positive correlation
between leptin and BMI (P< 0.001). Conclusions: From these results, the increase in leptin levels together with the decrease
of ghrelin levels probably fails to suppress appetite in obese postmenopausal women and leptin concentration could be

considered a good marker of the amount of body fat in obese conditions and could be used as a line of treatment.
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1. Introduction

Obesity is now dramatically rising worldwide. It is a major
risk factor for insulin resistance, type 2 diabetes, heart
disease, orthopedic problems, and many other chronic
diseases [1, 2]. The etiology is multifactorial, with genetic,
socioeconomic, behavioral or psychological influences such
as poor dietary habits, a sedentary lifestyle and unhealthy
behaviors leading to an increase in the related morbidity and
mortality [3]. Adipocytes produce and secrete several
proteins that act as hormones, responsible for the regulation
of energy intake and expenditure. Ghrelin and leptin are two
hormones playing an important role in the regulation of food
intake and body weight [4-6].

Leptin is a 67 amino-residue peptide, the protein product
of the obesity (ob) gene and plays a key role in regulating
long-term energy homeostasis and body fat stores [7]. Itis a
neuro-hormone that is secreted by adipocytes and binds to
receptors in the hypothalamus [8]. Following release into the
circulation, leptin crosses the blood-brain barrier and binds
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to leptin receptors in the hypothalamus; this peptide controls
energy metabolism at the level of hypothalamus by
suppressing the food intake and stimulating energy
expenditure [7, 9, 10]. Food restriction lower leptin levels
and this is reversed by re-feeding because the main function
of leptin is to signal starvation when levels are low [6, 11].
Its levels are influenced by the amount of body fat, as they
are found to be high in obese and low in lean individuals
[9, 12].

Ghrelin is a 28 amino-residue peptide and synthesized
predominantly by the stomach. Substantially lower amounts
were detected in bowel, pancreas, kidneys, the immune
system, placenta, testes, pituitary, lung, and hypothalamus.
Physiologically, ghrelin secretion is inhibited by food intake
and stimulated during fasting and after weight loss [13, 14].
Ghrelin circulates in both acylated and desacylated forms.
Acylation is essential for orexigenic (appetite stimulating)
activity, whereas desacyl ghrelin has recently been shown to
exert an anorexigenic effect [15]. Among several other
biological functions, ghrelin was found to produce positive
energy balance as it plays a role in the regulation of energy
balance and attenuates leptin-induced reduction in food
intake and body weight [6, 16, 17]. Ghrelin levels are lower
in obese subjects compared to lean, and weight loss result in
an increase in its level. The highest levels of ghrelin are
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found during early postnatal life, when growth hormone
begins to exert its effects on growth. Pre-pubertal children
have higher ghrelin concentrations than those in puberty [18,
19].

The objectives of this study is to compare ghrelin and
leptin levels in obese and non-obese post-menopausal
women and to investigate the correlation between obesity
and these hormones.

2. Subjects and Methods

2.1. Subjects
The present study was carried out on sixty
postmenopausal obese females (obesity was defined

according to WHO criteria 2010 as BMI greater than or equal
to 30 kg/m* and a waist circumference equal to or above 90
percentile of their age) with matched age range 49-67 years,
selected by systematic sampling from outpatient clinics of
Obstetrics and Gynecology Departments of Suez Canal and
Benha Universities Hospitals, Egypt from January 2014 till
October 2014. In addition thirty apparently healthy
individuals with average body weight, with matched age
range 46-65 years, and were enrolled in the study as a
controls, their BMI <30 kg/m?. All subjects were at least 1-2
years postmenopause with a similar lifestyle and no
significant physical training program before at least 6
months from the beginning of the study, subjects with a
known history of primary hyperlipidemia, diabetes mellitus
type 2 or secondary obesity were excluded from the study.

The study and data accumulation were carried out with
approval from the appropriate Institutional Review Board
(IRB).

2.2. Methods

After their consent, all subjects included in the study
following systematic sample technique, were subjected to
full history taking with particular emphasis on age, family
history, history of any systemic diseases e.g. diabetes,
hypertension, dyslipidemia or any associated diseases, drug
intake, detailed menstrual history including age, duration
since menopause, history of fertility. Full clinical
examination including anthropometric measurements which
were performed after an overnight fast. Body weight was
measured on calibrated balances or electronic scales to the
nearest 0.1 kg. Height was measured to the nearest
centimeter. BMI was calculated as body weight in kilograms
(kg) divided by body height (meters) squared (m?) expressed
as Kg/m’. Using a tape measure, with the subject standing,
the waist was measured as the narrowest circumference
between the lower costal margin and the iliac crest. The hip
was the maximum circumference at the level of the femoral
trochanters.

All participants were classified to overweight or obese
using international sex and age specific BMI cut-offs. BMI
divided into three groups according to the criteria of the
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World Health Organization WHO; lean (BMI 18-24.5
kg/m?), overweight (BMI 25-29.5 kg/m”) and obese (BMI
>30 kg/m”. Lipid profile including total cholesterol (TC),
serum triglycerides (TG), high density lipoprotein (HDL
cholesterol) and low density lipoprotein (LDL cholesterol)
were done for all subjects.

2.3. Quantitative Measurement of Human Leptin by
ELISA Method

Specimen Collection: Early morning venous blood
sample was collected from all subjects after an overnight fast
(12-16 hr) in vacutainer tubes. Clotted samples were
centrifuged at 3000 rpm for 5 minutes and stored at -20 °C till
the time of assay of leptin.

Human leptin ELISA kit (Catalog No.: RD191001100) is
a sandwich enzyme immunoassay for the quantitative
measurement of human leptin. It was supplied by BioVendor
GmbH, D-69120 Heidelberg, Germany. In the BioVendor
human leptin ELISA kit, standards, quality controls and
samples are incubated in microplate wells pre-coated with
polyclonal anti-human leptin antibody. After 60 minutes
incubation and washing, polyclonal anti-human leptin
antibody, conjugated with horseradish peroxidase (HRP) is
added to the wells and incubated for 60 minutes with
captured leptin. Following another washing step, the
remaining HRP conjugate is allowed to react with the
substrate solution (TMB). The reaction is stopped by
addition of acidic solution and absorbance of the resulting
yellow product is measured. The absorbance is proportional
to the concentration of leptin. A standard curve is
constructed by plotting absorbance values against
concentrations of standards, and concentrations of unknown
samples are determined using this standard curve.

2.4. Detection of Ghrelin Level by ELISA Method

Specimen collection: Collect blood samples into the
lavender vacutaner tubes, which contain EDTA and can
collect blood/tube. Gently rock the lavender vacutaner tubes
several times immediately after collection of blood for
anticoagulation. Transfer the blood from the lavender
vacutaner tubes to centrifuge tubes and gently rock for
several times to inhibit the activity of proteinases. Centrifuge
the blood at 1,600 rpm 1,600 for 15 minutes at 4°C and kept
at -70°C till the time of assay.

Ghrelin level was measured by a commercially available
ELISA kit supplied by DRG® Ghrelin (Human) ELISA
International Inc., USA (Catalog No.: EIA-3706). This assay
is an enzyme immunoassay kit designed to detect a specific
peptide and its related peptides based on the principle of
“competitive” enzyme immunoassay. The standard curve
was plotted using curve-fitting software capable of 4
parameter logistics to quantify the concentration of standard
peptide. A standard curve of a peptide with known
concentration can be established accordingly. The peptide
with unknown concentrations in samples can be determined
by extrapolation from this standard curve.
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2.5. Statistical Analysis

Data were collected, revised, coded and entered to the
statistical package for social science (SPSS). The statistical
analysis of the results was carried out according to the
conventional standard statistical procedures using computed
statistical analysis by SPSS, version 20.0. The quantitative
data were presented as mean and standard deviations (mean
+ SD). All variables were tested for normality of distribution,
Fisher’s exact test and independent samples t-test (t value).
The confidence interval was set to 95% and the margin of
error accepted was adjusted to 5%. So, the p-value was
considered insignificant at the level of > 0.05, significant at
the level of < 0.05 and highly significant at the level of <
0.01.

3. Results

The mean anthropometric (BMI, waist and hip) and lipid
profile [Total cholesterol (TC), serum triglycerides (TG),
high density lipoprotein (HDL cholesterol) and low density
lipoprotein (LDL cholesterol)] of two studied groups are
presented in table 1.

Table (1). Mean and SD values of the BMI, anthropometric parameters
and lipid profile measured in the studied groups

Postmenopausal obese
Control group
Variables -30 group
= n=60
BMI (Kg/m?) 25.77£2.16 39.5+6.59
Waist (cm) 70.22+0.88 112.43+2.35
Hip (cm) 90.61+0.44 119.89+2.23
Cholesterol (mg/dl) 169.5+£37.1 183.1+31.75
TG (mg/dl) 110.2429.7 150.3+45.3
HDL (mg/dl) 45.9£6.0 33.849.2
LDL (mg/dl) 88.5+23.9 109.4+30.2

Table (2). Comparison of leptin and ghrelin levels between obese group
and controls (Mean=SD)

Control Postmenopausal
. Overall
Variables group obese group
P-value
n=30 n=60
Leptin 10.342.9 44.7+19.4 0.001
(ng/ml)
Ghrelin 0.55+0.01 0.24+0.02 0.001
(ng/ml)

As showed in table 2, a statistically significant increase
was observed on comparing leptin in the obese group with
the controls (P< 0.001). On the other hand, the mean ghrelin
concentrations were generally decreasing with increasing
body weight; it was evident that the levels were remarkably

higher among controls if they were compared with the obese
groups, which was statistically significant (P< 0.001).
Furthermore analysis showed positive correlation between
the mean leptin concentration and BMI (r=0.899, P< 0.001)
(Figure 1) and a significant negative correlation between
ghrelin concentration and BMI (r =0.701, P< 0.001) (Figure
2) Significant negative correlation was detected between the
ghrelin and leptin levels (r=0.603, P< 0.001). (Figure 3).
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Table (3). Protective levels of leptin against obesity and risky levels of ghrelin with obesity, leptin less than 9.5 (ng/ml) was protective against obesity and

ghrelin less than 266 (ng/ml) was risky of obesity

Variables Cut off point AUC Sensitivity Specificity +PPV -NPV | P-value
Leptin (ng/ml) >9.5 0.884 100.00 72.00 87.7 100.0
<0.001
Ghrelin (ng/ml) 0.266 0.556 98.00 48.00 79.0 923
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Figure (4). ROC curve of leptin and ghrelin

4. Discussion

The main objectives of the present study were to compare
ghrelin and leptin levels in obese and non-obese
post-menopausal women and to investigate the correlation
between obesity and these hormones.

In the current study, statistically significant increases were
observed on comparing serum triglycerides and cholesterol
in the obese group with control. Similar results were
obtained by Gil-Campos et al. [20] who reported a
significant increase in serum triglycerides in obese group.
Similar results were obtained by Isabelle et al. [21] who
reported a significant increase in plasma cholesterol and
triglyceride concentrations in  obese subjects.
Cholesterolemia and triglyceridemia were the result of an
increase in lipid concentrations in all lipoprotein fractions.

The results of the current work demonstrated that,
statistically significant increase in leptin concentrations was
observed in obese subjects when compared to the control
group (P<0.001), in addition to significant positive
correlation between serum leptin and BMI (P<0.001).

In the same line with our results, Crowley [22] stated that,
leptin levels were markedly elevated in obese humans than in
lean individuals and directly associated with adiposity and as
leptin inhibits gastric ghrelin secretion, accordingly ghrelin
has low concentrations in obese subjects. Also, Gil-Campos
et al. [20] noticed that fasting leptin levels were positively
associated with BMI. Current results come like what was

found in Chan et al. [23], suggesting that leptin might be the
important factor for the negative feedback regulation of
ghrelin and leptin was elevated in obese subjects compared
with normal weight ones.

In the present study, the levels of ghrelin were
significantly reduced in obese post-menopausal group when
compared to control group (P<0.001) and also, significant
negative correlation between ghrelin and BMI (P<0.001).
These results were supported by a study carried by Carlson
et al. [24] in which ghrelin levels were found to be
significantly higher in normal weight women, 15, 60 and 120
minutes post-meal when compared to overweight/obese
women and also goes hand in hand with the study carried by
Karczewska-Kupczewska et al. [25] who found that in the
fasting state, serum ghrelin was higher in normal-weight
women than in overweight/obese women. Similar findings
were reported by several studies which stated that basal
ghrelin levels were significantly lower in overweight/obese
group compared with normal weight. Katsuki et al. [26],
Erdmann et al. [27], Esplund et al. [28], Le Roux et al. [29]
and Erdie-Lalena [30] detected that ghrelin secretion
increases in anorexia and cachexia and was reduced in
obesity, which it might act as a signal of the metabolic
balance to the CNS and might contribute to these conditions
as either compensatory or causative element. Also, Doogue
et al. [31] concluded that plasma ghrelin concentrations were
found to be inversely associated with obesity and food intake.
However, according to Sondergaard et al. [32], obesity was a
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strong predictor of low basal ghrelin concentrations, and it
had a key role in regulating fasting plasma ghrelin
suppression, apart from being diabetic or not. In accordance
with the results of the current study, Shiiya et al. [33] found
that fasting plasma ghrelin concentrations were negatively
associated with BMI in both non-diabetic and diabetic
patients. They found that overweight/obese subjects had
lower fasting plasma ghrelin concentrations than normal
weight subjects. Additionally, Anderworld et al. [34], who
reported a significant association between fasting ghrelin and
BMI.

Comparable results were elucidated by Barazzoni et al.
[35] in obese and lean Caucasians and Beasley et al. [36]
who found that overweight/obese individuals had lower
ghrelin concentrations compared to normal weight
individuals. In support of the same results, Daghestani [37]
found that ghrelin concentrations decreased in
overweight/obese Saudi females compared to lean ones; i.e.
ghrelin levels were negatively associated with BMI.
Castaneda et al. [38] suggested that ghrelin itself is not the
key cause of obesity and stated whether potentially low
levels of ghrelin in obesity represent an adaptation to the
positive energy balance or an increased sensitivity to ghrelin
remains an open question. Zou et al. [39] speculated that the
lower ghrelin levels in obesity were part of negative
feedback to inhibit appetite and body weight, but not the
primary cause of obesity. Ghrelin plays an important role in
the regulation of food intake. Therapeutic intervention with
ghrelin in catabolic situation may induce a combination of
enhanced food intake, increased gastric emptying and
nutrient storage, so ghrelin agonists might address cachexia
Constance et al. [40].

Present work revealed a significant negative correlation
between ghrelin and leptin levels (r=0.603, P< 0.001). This

finding was in agreement with the study done by Tschop et al.

[41]. They showed that obese individuals have lower ghrelin
serum concentrations than healthy controls. Furthermore,
low concentrations of ghrelin were thought to be
consequence of elevated serum levels of leptin, because
fasting serum ghrelin concentrations were negatively
correlated with fasting serum concentrations of leptin.
Decreased ghrelin level in obesity might be due to a
secondary response to overeating. Similarly, Bilgin Yiiksel
[42] who stated that lower serum ghrelin levels in obese
subjects compared to individuals with normal body weight
and showing a negative correlation with BMI, while leptin
levels are increased. These findings have been interpreted as
pointing towards a co-regulatory role of ghrelin and the
upper gastrointestinal tract on food intake. Ghrelin increases
gastric and intestinal motility. Leptin and ghrelin appear to
have a negative regulatory role on the release and activity of
each other. The weight reducing effect of leptin was not
exercised only on the hypothalamic centers but also by the
peripheral inhibitory effects on secretion and activities of
ghrelin. Matching to our results, Vincent [43] demonstrated
that, In elderly people relatively large amounts of fat increase
the satiety signal from Glucagon-Like peptide 1 (GLP-1) and

lower the acylated to desacylated ratio of ghrelin,
consequently decreasing hunger. This condition may lead to
a reduction in calorie intake, so positive energy balance
lower ghrelin levels as a result of obesity, but not a cause of
obesity.

The previous findings were debated by Bennette et al. [44]
who denoted that ghrelin had no association with obesity,
and might not be causally involved in its development.
Moreover, Pacifico et al. [45] found out that
hyperinsulinemia resulted in a marked decrease in plasma
ghrelin and this decrease was related to insulin sensitivity in
both normal weight and overweight/obese subjects.

5. Conclusions

Based on the results of this study, the reduction in the
ghrelin together with the increase in leptin levels probably
fails to suppress appetite in obese patients. Leptin
concentration could be considered a good marker of the
amount of body fat in obesity and could be used as a line of
treatment. Thus, we recommend a larger study with a bigger
a sample size for better statistical analysis. Further studies
are required to explain the etiology of leptin and the effects
of ghrelin deficiency in obesity, to explain the role of
measuring ghrelin for assessing the nutritional status, and to
assess the impact of circulating leptin on fuel metabolism
after food and macronutrient intake. Finally, exploration of
whether recombinant leptin or ghrelin antagonist as a
potential therapeutic target for obesity in the future would
have a significant impact on clinical pratice.
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