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 Background: Leptin is one of the important cell signaling hormones and product of 
obesity gene that affects food intake, appetite, body weight, and insulin function. This 

study aimed to investigate the relationship between leptin and obesity indices, 

metabolic profile, and dietary intakes in normal weight young subjects. Subjects and 

methods: In this cross-sectional study, 78 subjects (37 male and 41 female) with age of 

20 to 32 years old and BMI range of 18.5-35 kg/m2 were included. Obesity indices 

(waist circumference, body mass index, waist to hip ratio, and waist to stature ratio), 
energy and macronutrients intake (using 3-day food record), fasting lipid profiles, 

fasting blood sugar, fasting insulin, and serum leptin levels were determined by 

standard methods. HOMA-IR (as an index for insulin resistance) was calculated using 
the formula. Results: Females had higher levels of circulating leptin than males 

(P<0.001), while serum insulin (P=0.047) and insulin resistance (P=0.019) were higher 

in male subjects. All obesity indices showed significant association with serum leptin. 
Linear regression analysis revealed that only waist circumference, body mass index, 

and total cholesterol were related to serum leptin. There were no significant differences 

in energy from macronutrients between males and females. Conclusions: Serum leptin 
level increases in obesity and BMI is the most important predictor of serum levels of 

leptin in male subjects. 
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INTRODUCTION 
 

 Prevalence of obesity and overweight is increasing in last decades and they have been one of the most 

important health problems in all age groups [19,9]. Uncontrolled childhood obesity can increase risk of obesity 

in adolescents and adults. Because of pro-inflammatory and pro-thrombotic nature of obesity, it is related to 

some inflammatory diseases such as arthritis, type 2 diabetes mellitus (T2DM), and increased risk of metabolic 

syndrome, cardiovascular disease, endocrine disorders, and even certain types of cancer [19].  

 Obesity can be also related to metabolic syndrome (MetS) that is characterized by central obesity, 

dyslipidemia, high blood pressure, fasting glucose, or insulin resistance [7]. Prevalence of MetS is grown in 

parallel with the worldwide rise in obesity and this abnormality is linked to hazard conditions such as T2DM, 

CVD, NAFLD, etc. Prevalence of MetS was reported as 25% in the United States, 12% in Japan, 14.8% in 

China, 28.8% in India, and more than 30% in Iran, according to the report by Tehran Lipid and Glucose Study 

[22]. One of the etiological causes of MetS is obesity and abdominal adiposity that is defined as excess fat 

deposition in triglyceride form in these areas because of overeating and/or sedentary life style.  

 Many studies have shown that adipose tissue as an endocrine organ is involved in the production and 

secretion of several adipokines that are responsible for many endocrine, metabolic, and vascular obesity-related 

problems [23]. One of these adipokines is leptin, a 167 amino acid 16-kDa peptide and product of ob/ob 

(obesity) gene [16], which has a critical role in the regulation of appetite, body fat, insulin function, 

thermogenesis, vascular implantation, and immune system function as well as a close relationship with adipose 

http://www.ncbi.nlm.nih.gov/pubmed?term=Vahed%20Jabbari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19093194
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tissue and fat deposits [5,6]. This hormone circulates in both free form and linked to leptin-binding protein 

(Maamra et al., 2001) and plays an exceedingly critical role in the development of chronic diseases including 

obesity, diabetes, heart and autoimmune diseases, and aging. It has been shown that serum level of this hormone 

is higher in women and obese subjects than in men and normal weight people, respectively [2,4,24]. It is 

possibly caused by increased mRNA expression of Ob gene in adipose tissue cells (Jahan et al., 2009). Recent 

studies have demonstrated that leptin production in adipocytes is increased by factors such as insulin, 

glucocorticoids, and neuropeptide Y and decreased by cAMP or thiazolidinedione derivatives [3,11,21].  

 Higher serum insulin and insulin resistance are most prevalent among pre-diabetic patients and are one of 

the most important characteristics of MetS; that is why some scientifics have named MetS as insulin resistance 

syndrome. Insulin resistance is also related to obesity, type 2 diabetes, high blood pressure, abnormal metabolic 

profile, CVD, and polycystic ovary syndrome. Relationship between higher serum insulin and higher leptin 

levels has been suggested by some investigations and leptin may be considered an important mediator of 

oxidative stress and insulin resistance.  

 Calorie and macronutrient intakes can affect serum leptin levels through several mechanisms such as 

influence on body fat and white adipose tissue. Diet including high fat and low carbohydrate can reduce serum 

leptin levels more than low fat and high carbohydrate diet (2010). Despite the obvious pieces of evidence for 

positive relationship among impaired lipid profile and cardiovascular diseases on the one hand and total energy 

and macronutrient intake, obesity, and insulin resistance on the other, the association between leptin, lipid 

profile, energy, and macronutrients intake has shown confusing results [28,29,32]. Hence, due to the importance 

of leptin in body metabolism and the fact that metabolic disorders induced in the youth are somewhat 

undetectable and result in chronic diseases in adulthood, the present study was designed to evaluate association 

between serum leptin levels and obesity indices, metabolic profile, and dietary intakes among normal weight 

young subjects. 

 

Subjects and Methods: 

 78 healthy subjects (37 male and 41 female) at the age of 20 to 32 years old and with BMI range of 18.5 to 

35 kg/m
2
 from Faculty of Health and Nutrition, Tabriz University of Medical Sciences, participated in this 

cross-sectional study (descriptive-comparative) and convenience sampling method was used for their sampling. 

Those who were pregnant, pre-menopause, diabetic, taking lipid lowering agents, taking supplements, on 

obesity weight loss diets, or hormone therapies were excluded from the study. This study was approved by 

Ethics Committee of Tabriz University of Medical Sciences and informed consent was obtained from all the 

participants. 

 

Anthropometric parameters: 

 Anthropometric measurements were performed by the same person after overnight fasting with light cloth 

and without shoes. Body weight was measured to the nearest 100 g using Seca scale (Seca, USA), stature in 

relaxed position, and freely hanged arms using Seca 206 Bodymeter Measuring Tape with wall stop to the 

nearest 0.5 cm. Then, Quetelet or Body Mass Index (BMI) was calculated by dividing weight (in kilogram) to 

the square of height (in meter). Waist and hip circumferences were measured at the level just above the upper-

most border of the iliac crest at a normal minimal respiration and as maximum circumference over the buttocks 

to the nearest 0.5 cm, respectively. Afterward, waist to hip ratio (WHR), as the index of body fat distribution, 

was estimated. Waist to stature ratio (WSR) was also calculated by dividing waist circumference to stature 

[5,6,8]. BMI of 25 or higher (Singh and SG, 2008), waist circumferences of 102 cm and higher for men and 88 

cm and higher for women (Lean and Han, 2002), WHR of equal to or higher than 0.95 for men and 0.8 or higher 

for women [30], and WSR of equal or higher than 0.5 [8] were defined as obesity. 

 

Laboratory methods: 

 Blood samples were collected after 12-hour overnight fasting for determining leptin, glucose, insulin, total 

cholesterol, triglycerides, and HDL cholesterol in serum. Samples were stored at -70°C until analysis. Serum 

leptin was assessed using ELISA kit (DRG Instruments GmbH Germany, DRG International Inc. USA). 

Minimum detection serum leptin (sensitivity) using the kit was 0.5 ng/ml. Serum levels of fasting glucose, total 

cholesterol, triglyceride, and HDL cholesterol were determined by enzymatic-colorimetric method and LDL 

cholesterol levels (LDL-c) were estimated using Freidewald formula for those with triglyceride concentration of 

less than 400 mg/dl (Kaitosaari et al., 2006). Circulating insulin level was measured using immunoassay, and 

HOMA IR , as an index for insulin resistance, was estimated using the following formula (Lichnovska et al., 

2005). 

 

Dietary intake: 

 A 3-day weighed food record questionnaire (two consecutive week days and one weekend day) was 

completed for each subject for estimating dietary intake by recording the type and amount of consumed foods 

http://en.wikipedia.org/wiki/Immunoassay
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and beverages. Nutritionist III (The Hearst Corporation, San Bruno, CA) was used to analyze dietary intake 

data. 

 

Statistical analyses: 

 One-sample Kolmogorov-Smirnov test was used to establish normal data distribution. Because of non-

parametric distribution of serum leptin and insulin values, these data were logarithmically transformed for 

statistical analyses and then back-transformed to natural units for exhibition in the related tables or figures. All 

data were expressed as mean  SD and P value of less than 0.05 was defined as statistically significant level for 

comparisons. Independent sample t-test was used for comparing parametric continuous data between two groups 

and Mann-Whitney U test was used to test the difference in asymmetric variables between two groups. 

Spearman correlation coefficient was applied to show correlation between serum leptin levels and biochemical 

and anthropometric indices. Linear regression analysis was adapted for determining the effects of studied 

parameters on serum leptin levels. Data entry and statistical analysis were conducted using SPSS statistics 17.0 

(Polar engineering and consulting). 

 

Results: 

 Table 1 shows the summary of anthropometric and biochemical findings of the studied population and also 

comparison of these parameters between males and females. There were significant differences in age, weight, 

height, waist circumference, and waist to hip ratio between two genders. Men showed significantly higher 

triglyceride, insulin, and HOMA score and lower HDL-c level than women. 

 
Table 1: Aanthropometric measures and biochemical parameters in males and females. 

Total (n=78) Males (n=37) Females (n=41) 

Mean ±SD Mean ±SD Mean ±SD 

Age (years) 22.8 ± 3.8 21.7 ± 3.2 23.9 ± 3.9 0.007 

Height (m) 1.7 ± 0.1 1.76 ± 0.1 1.6 ± 0.1 < 0.001 

Weight (kg) 66.2 ±11.9 72.6 ± 1.2 60.4 ± 9.5 < 0.001 

Waist circumference (cm) 77.6 ± 1 82.3 ± 11.6 73.4 ± 8.8 < 0.001 

Hip circumference (cm) 99.9 ±7.8 101 ± 7.8 98.9 ± 7.8 0.227 

Body Mass Index (kg.m-2) 23.45 ± 23.3 ± 3.6 23.6 ± 3.6 0.636 

Waist to Hip Ratio 0.79 ± 0.1 0.83 ± 0.1 0.74 ± 0.1 < 0.001 

Waist to Stature Ratio 0.46 ± 0.06 0.47 ± 0.07 0.46 ± 0.05 0.619 

Total cholesterol (mg.dl-1) 163.8 ± 26.6 160.8 ± 30.2 166.6 ± 23 0.341 

Triacylglycerol (mg.dl-1) 78.5 ± 29.8 83.9 ± 24.8 73.7 ± 15.1 0.029 

LDL cholesterol (mg.dl-1) 105 ± 21.4 106.5 ± 20 103.9 ± 22.8 0.59 

HDL cholesterol (mg.dl-1) 44 ± 11 41.1 ± 9.2 47.1 ± 11.9 0.016 

Fasting glucose (mmol.l-1) 72 ± 10.7 71.2 ± 11.8 72.7 ± 9.6 0.559 

Insulin (μU.ml-1) 2.3 ± 0.3 3.5 ± 0.5 1.3 ± 0.1 0.047 

HOMAIR 7.8 ± 2.6 11.6 ± 3.1 4.3 ± 1.3 0.019 

Leptin (ng/ml) 9.35 ± 0.7 3.3 ± 0.3 14.6 ± 1.1 < 0.001 
* Independent Sample T Test 

 

 Among the participants in this cross-sectional study, 5.4% of men and 14.6% of women had central obesity 

(WHR of higher than 0.95 in males and 0.8 in females), 27% of males and 31.7% of females had BMI of more 

than 25 kg/m
2
, and 10.8% of males and 22% of females had WSR of higher than 0.5. These findings showed 

that the women participating in this study were more obese than men.  

 
Table 2: Descriptive statistics of the energy and macronutrient intakes 

Total (n=78) Males (n=37) Females (n=41) 

Mean ±SD Mean ±SD Mean ±SD 

Energy (Kcal/day) 2288 ± 640 2648 ± 661 1964 ± 410 < 0.001 

Carbohydrate (g/day) 395.3 ± 97 376.6 ± 100.8 278.9 ± 65.8 < 0.001 

Protein (g/day) 85.3 ± 26 101 ± 26.1 71.2 ± 16 < 0.001 

Fat (g/day) 72.7 ± 28 81.6 ± 31.5 64.8 ± 22 0.009 

Carbohydrate (% of energy) 56.8 ± 6.9 57.1 ± 7.7 56.4 ± 6.2 0.635 

Protein (% of energy) 14.8 ± 2.7 15.4 ± 2.8 14.3 ± 2.4 0.07 

Fat (% of energy) 28 ± 6.7 27 ± 6.3 28.9 ± 6.8 0.214 

 * Independent Sample T Test 

 

 There were significant differences in dietary intakes between males and females. Men had higher energy 

and macronutrient intake than women. However, percent of energy obtained from carbohydrate, protein, and fat 

did not differ between two genders (Table 2). 

 Because of the significant difference of leptin level in two genders, correlation analysis was separately 

made in males and females (Table 3). Leptin level was significantly correlated with all anthropometric indices in 

both genders; however, lipid profile and insulin resistance did not showed such a relationship. Leptin level of 
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men showed a significant association with dietary fat and protein. Energy from carbohydrate and fat in males 

and energy from protein in females revealed significant relationships with leptin concentration.  

 
Table 3: Association between leptin and anthropometric, biochemical parameters and dietary intakes using Linear regression analysis 

Males Females 

r * p r * p 

Age -0.004 0.981 0.3 0.057 

WC 0.69 < 0.001 0.74 < 0.001 

Hip 0.76 < 0.001 0.7 < 0.001 

BMI 0.72 < 0.001 0.72 < 0.001 

WHR 0.4 0.014 -0.37 0.01 

WSR 0.7 0.001 0.67 < 0.001 

TC 0.14 0.93 0.02 0.91 

TG -0.12 0.95 0.12 0.49 

LDL-c 0.23 0.18 -0.08 0.63 

HDL-c 0.23 0.12 -0.63 0.69 

FBS -0.34 0.04 0.09 0.55 

Insulin 0.05 0.76 0.07 0.66 

HOMA IR -0.21 0.90 0.09 0.59 

Energy 0.29 0.07 0.3 0.06 

Carbohydrate 0.14 0.44 0.23 0.15 

Protein 0.38 0.02 -0.03 0.85 

Fat 0.45 0.005 0.18 0.25 

Carbohydrate (%) -0.38 0.02 0.09 0.56 

Protein (%) 0.05 0.77 -0.36 0.02 

Fat (%) 0.42 0.01 0.01 0.94 

 * Pearson Correlation Coefficient 
‡ Linear Regression Analyses  

 

 Linear regression analysis conducted to find an association between studied parameters and serum leptin 

levels showed that BMI, total cholesterol, and waist circumference were the most important contributing factors 

to leptin levels only among men. In women, leptin was not associated with any of the studied parameters. 

 

Discussion: 
 The present cross-sectional study in young men and women showed that serum leptin was associated with 

obesity indices including BMI, WC, WSR, and WHR in men and women. These results were in agreement with 

the findings of other studies and indicated that leptin levels in obese subjects were higher than in underweight or 

normal weight people because of reduced central sensitivity to leptin or internal resistance to this hormone 

[18,26,27,31]. On the other hand, it may show impairment in expression or function of leptin receptors in obese 

patients [27]. Leptin concentration in females was significantly higher than in males. It seems that this 

difference is not related to BMI. Gender differences in body composition may be one of the causes for 

differences in leptin level, which has been supported by other studies [4]. Various mechanisms have been 

proposed to explain this difference; e.g. more adipose tissue in females than males, a negative relationship 

between levels of circulating testosterone and leptin, and stimulating leptin producing mRNA by 17-estradiol in 

women [26,31]. Waist to hip ratio, as an indicator of central obesity, after controlling for interacts was not 

related to serum leptin. This finding has been also supported by three observational studies conducted in Iran 

[20,31].  

 Correlation analyses showed a marginal relationship between serum leptin levels and energy intake in both 

males and females. On the other hand, regression analyses showed a relationship only in male subjects, which 

was not significant. Previous studies have demonstrated that low-calorie diets can reduce leptin levels and 

induce leptin sensitivity. It should be mentioned that these effects on serum leptin were independent from 

weight loss or reduction in body fat. Results of linear regression showed an inverse relationship between percent 

of lipid intake and serum leptin level in both males and females. Other studies have demonstrated that lipid 

intake, in contrast to carbohydrates, can significantly reduce leptin levels. Carbohydrate intake increases serum 

leptin through stimulating insulin production and secretion plus direct effects on leptin gene expression in white 

adipose tissue.  

 No significant relationship was found between leptin and insulin resistance. Other studies such as 

Kishimoto et al. [13] have failed to find the association; but, Al-Daghri et al. in Saudi Arabia [1] conducted a 

study on pre-diabetic people and showed a positive correlation between insulin resistance and leptin level. It is 

possible that characteristics of the studied population may be one of the most important reasons for 

disagreement among the studies. The majority of studies conducted to show relationship between leptin and 

insulin resistance have been on the populations at risk of diabetes and metabolic syndrome and middle-aged or 

elderly people with diabetes as the target population; however, in the present study, the sample included healthy 
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young people without insulin resistance and diabetes symptoms. Therefore, lack of correlation between insulin 

resistance and leptin, despite high leptin levels in women, could be explained in this way. 

 The present study showed that waist circumference, BMI, and total cholesterol were the most important 

contributing factors of leptin levels in males, while such a relationship was not found in females. Although 

obesity was more prevalent in females than males, females had significantly lower triglyceride level and higher 

HDL cholesterol level that indicated desirable lipid profiles in women. On the other hand, women showed a 

better dietary pattern than men. It seems that age range of the studied subjects could account for better lipid 

profile to some extent.  

 Because of cross-sectional design of this study, it was hard to determine the exact causality relationship 

between the studied factors and more longitudinal studies with a larger number of subjects are needed.  

 

Conclusion: 

 It can be concluded that serum leptin is well associated with abdominal obesity, particularly in men, while 

metabolic parameters such as lipid profile and insulin resistance could not influence leptin concentration in 

young men and women without any history of diseases.  
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