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Abstract
Leptin is one of the best known hormone markers for obesity. There is a limited anthropometric
data in the Gaza Strip that reveals and arouses the nutritional status among all age groups especially adolescents aged 15 - 19 years old. The study aimed to assess the effect of Leptin hormone,
lipid profiles, Body Mass Index (BMI) and waist circumference among secondary school age students in the Gaza Strip. Methodology: A cross sectional study included 442 cases of teenagers aged
15 - 19 years old from governmental and private schools in the Gaza strip. Blood samples were
collected for analysis of Leptin hormone and lipid profile and measuring waist circumference for
the teenager. Results: The mean of serum Leptin was (28.7) higher among cases than controls
(28.1), but it was statistically insignificant (P = 0.85). It was found that there is a significant correlation between Leptin hormone and total cholesterol (Chol) (r = 0.24), high density cholesterol
(HDL) (r = 0.27) and low density cholesterol (LDL) (r = 0.16). There was no relationship between
Leptin hormone and triglycerides (TG) (r = −0.02). There was relationship between Leptin hormone and waist circumference in both males and females (r = 0.519, 0.544), respectively. There
was no statistical significant deference noticed between Leptin hormone of obese objects and Leptin hormone of normal BMI objects of the same age (t-test = 0.93, P = 0.85). Conclusion: There are
significant correlations between Leptin hormone and total Chol, HDL and LDL except for TG, and
there were significant relationships between Leptin hormone and waist circumference which reflect the central obesity among males and females. There is no association between Leptin level
and BMI.
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1. Introduction
1.1. Background
This study focuses on nutritional status among adolescents aged 15 to 19 years old in the Gaza Strip and other
factors associated with obesity including serum Leptin level, lipid profile, and anthropometrics. Nutritional status in the adolescents has a great influence upon a person’s health in the adulthood. Obesity which is considered
as a public health problem worldwide has highly prevalence among adolescents reaching to 11% and may be
associated with increased risk for occurrence of many chronic diseases in the adulthood [1] [2].

1.2. Human Leptin
Human Leptin is a protein of 167 amino acids. It is manufactured primarily in the adipocytes of white adipose
tissue, and the level of circulating Leptin is directly proportional to the total amount of fat in the body. In addition to white adipose tissue the major source of Leptin, it can also be produced by brown adipose tissue, placenta
(syncytiotrophoblasts), ovaries, skeletal muscle, stomach (lower part of fundic glands), mammary epithelial
cells, bone marrow, pituitary and liver. Leptin acts on receptors in the hypothalamus of the brain where it inhibits appetite. Leptin binds to neuropeptide Y (NPY) neurons in the arcuate nucleus, in such a way that decreases
the activity of these neurons. Leptin signals to the brain that the body has had enough to eat, producing a feeling
of satiety. Leptin produced primarily by white adipose tissue, is involved in energy regulation at the level of the
hypothalamus through modification of energy intake and energy expenditure via a negative feedback loop. Since
Leptin is primarily synthesized in adipocytes, there is a strong relationship between circulating Leptin levels and
indices of body fat [3]. The present paper estimated the Leptin concentration in relation to waist circumference
and lipid profile of secondary school adolescents.

1.3. Cholesterol and Triglycerides
Cholesterol is an essential nutrient for adolescents as it is needed to manufacture certain hormones including
testosterone and estrogen. It is essential to the synthesis of vitamin D which is necessary for healthy bones and it
is also utilized to repair the membranes around our cells. Triglycerides are molecules of fat that are enclosed
along with cholesterol during transport in the bloodstream. When cholesterol and triglycerides and some other
fats are transported together in the blood, they are packed together in bodies that are termed lipoproteins [4].
There are two different lipoproteins that have important health concerns for adolescents. LDL can be thought
of as a villain. When cholesterol is transported in this manner, it can interact with the walls of one’s arteries and
become destructive. If LDL cholesterol collects on the wall of an artery, it can trigger white blood cells to collect at the site and this apparently produces a fatty substance that is called plaque which is considered as risk
factors for many chronic conditions, including cardiovascular and coronary artery diseases, and metabolic perturbations such as diabetes. Over time, the artery can narrow and this will reduce blood flow. Calcium may also
collect at the site and this could produce a blood clot. The reduced blood flow may produce signs of heart disease,
and a blood clot in the coronary arteries that supply blood to the heart muscle may cause a heart attack [5] [6].
Raised cholesterol increases the risks of heart disease, stroke, cardiovascular disease and obesity. It’s therefore important to keep cholesterol levels within normal levels by eating a diet lower in fats. If levels are elevated
despite dietary measures, there are medications designed to lower cholesterol levels [7].

2. Methodology
2.1. Study Design, Target Population and Sampling
This is a cross sectional study carried-out in the five governorates of Gaza Strip. The study population was ado-
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lescents aged 15 - 19 years old that were chosen from secondary schools, public and privet schools. Sample selected upon a probability proportional to enrolment size.

2.2. Data Collection Tools
We used face to face interview questionnaire, measured the waist circumference by tape meter, and collected
blood sample for analysis of serum Leptin and lipid profile.

2.3. Serum Leptin Analysis Method
Determination of human Leptin level was assayed by competitive enzyme immunoassay technique using a
commercial ELISA kit (Diagnostic System Laboratories Inc., Webster, TX, USA). Six ml of 12 hrs fast blood
samples were collected from the subjects in plastic centrifuge tubes without any anticoagulant. The tubes left for
a while, centrifugation at 3000 rpm for 20 minutes, then the separated serum was stored frozen at −70˚C for serum human Leptin analysis. After that the frozen serum samples were thawed at 4˚C - 8˚C then mixed by gentle
shaking at room temperature prior to use. In the assay, standards, controls and unknown serum or plasma samples were incubated in microtitration wells, which have been coated with anti-human Leptin antibody. After incubation and washing, the wells were treated with another anti-human Leptin detection antibody labeled with
the enzyme horseradish peroxidase (HRP). After a second incubation and washing step, the wells were incubated with the substrate tetramethylbenzidine (TMB). An acidic stopping solution was then added and the degree of enzymatic turnover of the substrate was determined by dual wavelength absorbance measurement at 450
nm. The absorbance measured was directly proportional to the concentration of human Leptin present. A set of
human Leptin standards was used to plot a standard curve of absorbance versus human Leptin concentration
from which the human Leptin concentrations in the sample can be calculated.

2.4. Determination of Leptin and Lipid Profile Levels
Cut off point for Leptin levels are between 1 - 5 ng/dl in men and 7 - 13 ng/dl in women, chol 200 mg/dl, TG
200 mg/dl, LDL 100 - 129 mg/dL, and HDL 40 - 49 mg/dL in men, 50 - 59 mg/dL in women.

2.5. Statistical Analysis
After data collection, we analyzed it by using SPSS WIN (Version 13).

2.6. Ethical Consideration
Official approval to conduct the research study was obtained from Al-Azhar University, college of pharmacy,
the ministry of education and higher education after letter of request was sent. Official approval from Helsinki
committee also obtained. Adolescent student parents were given a full explanation in the Arabic language about
the purpose of the study and confidentiality of the information and that participation was completely optional.

3. Results
3.1. Leptin and BMI
There was no statistical significant deference noticed between Leptin hormone among obese participants and
Leptin hormone of normal BMI participants of the same age (t-test = 0.93, P = 0.85), as shown in Table 1.

3.2. Leptin and Lipid Profile
There is a significant correlation between Leptin hormone and Chol, HDL and LDL. There was no relationship
between Leptin hormone and TG, as shown in Table 2.

3.3. Leptin and Waist Circumference
There is a significant relationship between Leptin hormone and waist circumference which reflect the central
obesity in males and females, as shown in Table 3 and Table 4.
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Table 1. Differences in Leptin hormone in obese versus control objects.
Case versus control

N

Mean (ng/ml)

Std. Deviation (ng/ml)

Case

58

28.7

15.8

Control

70

28.1

21.9

t-test

P-value

0.18

0.85

Table 2. The relationship between Leptin hormone and lipid profiles.
Leptin

TG

Chol

HDL

LDL

Leptin

1

−0.02

0.24**

0.27**

0.16*

TG

−0.02

1

−0.16

−0.14

−0.15

Chol

0.24**

−0.16

1

0.31**

0.96**

HDL

0.27**

−0.14

0.31**

1

0.09

LDL

0.16*

−0.15

0.96**

0.09

1

*

Correlation is significant at the 0.01 level (2-tailed). **Correlation is significant at the 0.05 level (2-tailed).

Table 3. The relation between Leptin hormone and central obesity among males of the study population.
Correlations

Leptin

Pearson Correlation

Leptin

Male waist circumference

1

0.519**

Sig. (2-tailed)
Male waist circumference

0.000

Pearson Correlation

0.519**

Sig. (2-tailed)

0.000

1

**

Correlation is significant at the 0.01 level (2-tailed).

Table 4. Correlation between Leptin hormone and central obesity among females of the study population.
Correlations

Leptin

Pearson Correlation

Leptin

Female Waist circumference

1

0.544**

Sig. (2-tailed)
Female Waist circumference

0.000

Pearson Correlation

0.544**

Sig. (2-tailed)

0.000

1

**

Correlation is significant at the 0.01 level (2-tailed).

4. Discussion
The understanding of Leptin role in various biological processes has evolved since the isolation of the hormone
a decade ago. It no longer is thought exclusively as a satiety hormone, but it is now known to affect more than
energy balance, including immune response, inflammation, and cell proliferation [8]. Ultimately, altering circulating Leptin levels through interventions may affect the regulation of physiological processes that may be involved in co morbidities associated with obesity. Circulating concentrations of Leptin are influenced by the
quantity of adipose tissue in the body [9], and administration of the hormone to Leptin-deficient animal models
decreases body weight through lowering food intake and raising energy expenditure [10]. These studies demonstrate that Leptin is involved in the regulation of body energy balance. Recent evidence hints that Leptin may be
involved in certain disease states like osteo-arthritis [11].
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The hyperleptinemia that is commonly present in obese humans suggests that there is a defect in the recognition of the hormone by the receptor in the hypothalamus, and notin a deficiency of Leptin production by the
adipocytes. This implies a Leptin resistance similar to the insulin resistance in type II diabetes [12]. It is not certain if the Leptin resistance present in the hypothalamus is a cause or a consequence of obesity [3].
The present study shows that obese adolescents had similar serum Leptin with matched normal weight adolescents. During puberty Leptin hormone flaring up and responsible of waking up the sex genitalia for both male
and female [13], so adolescents normal, overweight or obese should have high levels of Leptin hormone. Underweight adolescents had decreased level of the hormone, and as a result suffer from delayed puberty. A study
was conducted at the GS in 2007 showed that obese adult individuals had higher serumleptin and lower serum
OB-Re levels than normal body weight adult individuals. It also showed that serum Leptin level was directly
correlated with BMI [14].
Cholesterol and triglycerides are two forms of lipid, or fat, which circulate in the bloodstream. They are both
necessary for life itself. Cholesterol is necessary for building and maintaining key parts of cells (such as cell
membranes), and for making several essential hormones (sex hormone, aldosterone, etc.) [15]. Triglycerides,
which are chains of high-energy fatty acids, provide much of the energy needed for tissues to function. But
when blood levels of cholesterol or triglycerides become too high, the risk of developing cardiovascular disease
is significantly increased. And this is why the need to be concerned about lipid profile levels. Triglycerides and
cholesterol are increased with obesity, which make the subject facing double risk to developed cardiovascular
disease and diabetes mellitus [4]. The American Academy of Pediatrics (AAP) recommendations to asses adolescents whose parents or grandparents at or below age fifty-five years had coronary artery disease, suffered a
heart attack, symptoms of coronary artery insufficiency, had disease of the blood vessels in the brain or who
have other risk factors including obesity, hypertension, diabetes, history of smoking or a diet high in saturated
fats.
In the present study, it was found that the Leptin hormone increased with the increase of Chol, HDL and LDL,
except for TG. In 2007, a study conducted by Zabut on adults of GS found that the study also examined whether
Leptin and soluble Leptin receptor (OB-Re) are statistically correlated with lipid parameters among all study
subjects. It was found that serum Leptin levels were positively correlated with triglyceride, cholesterol and LDL.
An inverse relationship was found between Leptin and HDL. Conversely serum OB-Re levels were negatively
correlated with cholesterol, LDL and triglyceride. In contrast to Leptin, OB-Re was also positively correlated
with HDL. It can be concluded that Leptin production occurs mainly in adipocytes and is highly related to lipid
profiles. Increasing OB-Re may be one factor operating in the lowering risk of obesity related diseases [14].
Cholesterol and triglyceride are transported in the body fluids in the form of lipoprotein particles. The relationships between serum Leptin concentrations, OB-Re concentrations, lipids and lipoproteins are not so clear. It
was reported that school children with higher plasma Leptin levels have significantly higher triglyceride, LDL
and apoprotein A levels than those with relatively lower Leptin levels [16]. In contrast, it was demonstrated that
a relationship between Leptin concentrations and lipid profile and lipoprotein levels among hyperlipidemic adult
patients was not statistically significant [17].
Waist circumference can be considering the reflection of central obesity. Central obesity which are viewed
like apple shape, are of main concerned because central obesity are linked directly with cardiovascular disease
[15]. Studies have demonstrated that adults in the United States have higher rates of coronary artery disease
compared to other countries [18]. Also the main cause of death in the GS was the cardiovascular disease [19].
Obesity is no longer considered as a risk factor of cardiovascular disease; it now consider as a disease itself [20].
In the present study, it was found that Leptin hormone increase with the increase of central obesity among
studied population of both adolescent males and females. No study before this study discusses the relationship
between central obesity and Leptin hormone. This finding revealed that abdominal adipocytes are of main
source of Leptin secretion. Hyperleptinemia were well known to be associated with cardiovascular disease [3].
Also central obesity was well known to be associated with cardiovascular disease and insulin resistance [12].
The relation between cardiovascular disease, hyreleptinemia and central obesity which discussed separately in
the past studies, were in this study linked together. Leptin was known as a satiety hormone. Whether the accumulations of fatty tissue around the gastro-intestinal tract are linked with this effect or not, more studies should
be done on that area.
Peripheral obesity is reflected by skin fold thickness [20]. Peripheral obesity is described as pear shape. Studies showed that the risk of cardiovascular disease was linked with central obesity but not with peripheral obes-
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ity. In males, fats accumulate in the both shoulders. In contrast, in females fats accumulate in the buttocks and
thighs [15].
The present study found that Leptin hormone increase with the increase of peripheral obesity among studied
population of male adolescents. No relationship was found between Leptin hormone and peripheral obesity
among studied population of female adolescents. No study before this study discuses the relationship between
peripheral obesity and Leptin hormone. Normally females have subcutaneous fat and fatty tissue mass more than
lean body mass. In contrast, males have lean body mass more than fatty tissue mass [15]. The accumulation of
subcutaneous fat in male reflects the peripheral obesity which is up normal in males. This may be the linkage
between Leptin hormone and peripheral obesity in male. More studies should be done on that area.

5. Conclusions
Obesity and overweight are the main malnutrition problems. The overall prevalence of overweight was 11.3% of
the surveyed adolescents. There was no differences noticed in Leptin hormone for surveyed obese adolescents
and cross matched normal BMI adolescents of the same age (t-test = 0.93, P = 0.85). The high standard deviation of Leptin level among the study population revealed that it is very heterogeneous.
It was found that there are significant correlations between Leptin hormone and total Chol, HDL, and LDL
except for TG. It was found that there were significant relationships between Leptin hormone and waist circumference which reflect the central obesity among males and females (P = 0.00). Furthermore, it was found in
males a significant relationship between Leptin hormone and skinfold thickness, which reflected peripheral obesity among males (P = 0.00) and not for females (P < 0.17).

Acknowledgements
We are very much thankful to the deanship of postgraduate studies & research affairs of Al-Azhar University,
deanship of college of pharmacy, and special thanks to secondary schools, public and privet schools in the Gaza
Strip. Finally, we would thank all the parents and volunteers who participated in this study.

References
[1]

Richard, S. and Strauss, M.D. (1999) Influence of the Home Environment on the Development of Obesity in Children.
Pediatrics Journal, 103, 6.

[2]

Jackson, R.T., Rashed, M. and Saad-Eldin, R. (2003) Rural Urban Differences in Weight, Body Image and Dieting
Behavior among Adolescent Egyptian Schoolgirls. International Journal of Food Sciences and Nutrition, 54, 1-11.
http://dx.doi.org/10.1080/096374803/000062047

[3]

Miller, G.D., Nicklas, B.J., Davis, C.C., Ambrosius, W.T., Loeser, R.F. and Messier, S.P. (2004) Is Serum Leptin Related to Physical Function and Is It Modifiable through Weight Loss and Exercise in Older Adults with Knee Osteoarthritis? International Journal of Obesity, 28, 1383-1390. http://dx.doi.org/10.1038/sj.ijo.0802737

[4]

Wa, N. and Fogoros, M.D. (2011) Cholesterol and Trigleserids—What to You Need to Know, Health’s Disease and
Condition Content Is Reviewed by the Medical Review Board.
http://heartdisease.about.com/od/cholesteroltriglyceride1/a/Cholesterol-And-Triglycerides.htm

[5]

Hata, Y. and Nakajima, K. (2000) Life-Style and Serum Lipids and Lipoproteins. Journal of Atherosclerosis and Thrombosis, 7, 177-197.

[6]

Schubert, C., Rogers, N., Remsberg, K., Sun, S., Chumelea, W., Demerath, E., Czerwinski, S., Towne, B. and Siervogel, R. (2006) Lipids, Lipoproteins, Lifestyle, Adiposity and Fat-Free Mass during Middle Age: The Fels Longitudinal
Study. International Journal of Obesity, 6, 251-260. http://dx.doi.org/10.1038/sj.ijo.0803129

[7]

Cichocki, M. (2007) Cholesterol and Triglycerides a Balanced Diet Is a Key to Your Good Health, Health’s Disease
and Condition Content Is Reviewed by the Medical Review Board.
http://aids.about.com/od/nutrition/qt/choltri.htm

[8]

Figenschau, Y., Knutsen, G., Shahazeydi, S., Johansen, O. and Sveinbjornsson, B. (2001) Human Articular Chondrocytes Express Functional Leptin Receptors. The Journal of Clinical Endocrinology & Metabolism, 287, 190-197.
http://dx.doi.org/10.1006/bbrc.2001.5543

[9]

Berman, D.M., Rodrigues, L.M., Nicklas, B.J., Ryan, A.S., Dennis, K.E. and Goldberg, A.P. (2001) Racial Disparities
in Metabolism, Central Obesity, and Sex Hormone-Binding Globulin in Ostmenopausal Women. The Journal of Clinical Endocrinology & Metabolism, 86, 97-103.

[10] Harris, R.B., Zhou, J., Redmann Jr., S.M., Smagin, G.N., Smith, S.R., Rodgers, E. and Zachwieja, J.J. (1998) A Leptin

794

Dose-Response Study in Obese (ob/ob) and Lean (+/?) Mice. Endocrinology, 139, 8-19.
http://dx.doi.org/10.1210/endo.139.1.5675

M. H. Taleb et al.

[11] Verdich, C., Toubro, S., Buemann, B., Holst, J.J., Bulow, J., Simonsen, L., Sondergaard, S.B., Christensen, N.J. and
Astrup, A. (2001) Leptin Levels Are Associated with Fat Oxidation and Dietary-Induced Weight Loss in Obesity. Obesity Research, 9, 452-461. http://dx.doi.org/10.1038/oby.2001.59
[12] Chu, N.F., Stampfer, M.J., Spiegelman, D., Rifai, N., Hotamisligil, G.S. and Rimm, E.B. (2001) Dietary and Lifestyle
Factors in Relation to Plasma Leptin Concentrations among Normal Weight and Overweight Men. International Journal of Obesity, 25, 106-114. http://dx.doi.org/10.1038/sj.ijo.0801468
[13] Frischr, R.E. (1994) The Right Weight: Body Fat, Menarche and Fertility. Proceedings of the Nutrition Society, 53,
113-129. http://dx.doi.org/10.1079/PNS19940015
[14] Zabut, B., Naji, H., Holi, B. and Yousef, A. (2007) Leptin and Soluble Leptin Receptor among Obese Adults in the
Gaza Strip. The Islamic University Journal (Series of Natural Studies and Engineering), 15, 127-140.
[15] Kasper, D., Fauci, A., Longo, D., Braunwald, E., Hauser, S.M.D. and Jameson, L. (2005) Harrison’s Principles of Internal Medicine. 16th Edition, MCGraw-Hill, New York, 399-422.
[16] Wu, D.-M., Shen, M.H. and Chu, N.F. (2001) Relationship between Plasma Leptin Levels and Lipid Profiles among
School Children in Taiwan—The Taipei Children Heart Study. Europe Journal of Epidemiology, 17, 911-916.
http://dx.doi.org/10.1023/A:1016280427032
[17] Haluzak, M., Fiedler, J., Nedvidkova, J. and Ceska, R. (2000) Serum Leptin Levels in Patients with Hyperlipidemias.
Nutrition, 16, 429-433. http://dx.doi.org/10.1016/S0899-9007(00)00288-4
[18] MCKnight, T. (2006) Obesity Management in Family Practice. 1st Edition, Springer, Berlin, 38-41.
[19] Holmes, B. (1998) Childhood and Adolescent Obesity in America: What’s a Parent to do? University of Wyoming,
USA. http://www.wyomingextension.org/agpubs/pubs/b1066.pdf
[20] Palestinian Ministry of Health (MOH) (2008) Health Status in Palestine Annual Report.

List of Abbreviations
BMI: Body Mass Index
Chol: Total cholesterol
GS: Gaza Srtip
HDL: High density cholesterol
LDL: Low density cholesterol
MOH: Ministry of Health
TG: Triglycerides
WHO: World Health Organization

795

Scientific Research Publishing (SCIRP) is one of the largest Open Access journal publishers. It is
currently publishing more than 200 open access, online, peer-reviewed journals covering a wide
range of academic disciplines. SCIRP serves the worldwide academic communities and contributes
to the progress and application of science with its publication.
Other selected journals from SCIRP are listed as below. Submit your manuscript to us via either
submit@scirp.org or Online Submission Portal.

