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ABSTRACT 

 
Leptin and adiponectin serum or plasma levels vary in various disorders. The present report comprised non-obese male 

university students (n: 75; age: 18-20 years) for studying the effect of BMI of normal range on plasma leptin and 

adiponectin levels, as well as the association of plasma leptin and adiponectin in these subjects, using Human ELISA 

(enzyme-linked immunosorbent assay) kit methods. Significant positive linear correlation for the plot of body mass 

index (BMI) against plasma leptin (ng/mL), and significant negative linear correlation for the plot of BMI against 

plasma adiponectin, and leptin against adiponectin were obtained. The present report provides interesting and potential 

information for the relationship among BMI, plasma leptin and plasma adiponectin that is helpful for future studies for 

exploring the use of this information for the management of disorders with altered/ abnormal levels of leptin and 

adiponectin in obese and non-obese people. 
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INTRODUCTION 

 

Adipocytokines or adipokines are those cytokines that are secreted by adipose tissue. There are a variety of 

these cytokines. Leptin and adiponectin are two important adipokines (Waki et al., 2003). The serum/ plasma leptin 

and adiponectin may be used as important clinical markers to determine the role of various levels of body mass 

index (BMI) in obese and non-obese subjects (Blüher and Mantzoros, 2015). 

Advent of recombinant leptin/ leptin analog metreleptin are used for the treatment of congenital leptin 

deficiency and lipodystrophy. One of the prestigious Prize in Saudi Arabia- ‘King Faisal International Prize’ was 

awarded on the recognition of research on leptin (KFF – KFIP – Winners, 2013) beside several other prizes (News-

Medical, 2009; The Lasker Foundation, 2010; BBVA Foundation, 2012). Other adipokines and their involvements/ 

functions suggest that adipokines have the potential to be used as biomarkers in a variety of diseases (Blüher and 

Mantzoros, 2015).  

Leptin is a 16-kDa protein and an adipocytokine produced mainly in white adipose tissues though also produced 

in the brown adipose tissues and in a variety of body organs (Margetic et al., 2002). It is 167-amino acid protein 

present in our body in free form and bound with proteins (Sinha et al., 1996). It regulates food intake and energy 

expenditure (Bełtowski, 2006) and fat stores and performs several other functions (Maffei et al., 1995). Plasma 

leptin level is proportional to the amount of adipose tissue and it is increased markedly in obese people (Bełtowski, 

2006).  Due to contradictory results on the association of leptin with dyslipidemia, a study comprising serum leptin, 

body height, weight, BMI waist circumference, and hip circumference, showed leptin positively correlating with 

BMI, and waist circumference (Mirrakhimov et al., 2014). 

Involvement of leptin in various diseases and disease conditions has been studied and reviewed previously 

(Hussain, 1991; Redon, 2001; Aneja et al., 2004; Hussain et al., 2007; Sattar et al., 2009; Sohail et al., 2013; Sohail 

and Hussain, 2013; Taylor et al., 2014; Ayeser et al., 2016; Serafi et al., 2016). The role of leptin in BMI variations 

has been revealed (Kazumi et al., 1999; Sattar et al., 2009; Kerimkulova et al., 2014). Most of the studies show 

positive relationship of leptin plasma or serum levels with BMI (Kazumi et al., 1999; Hirose et al., 2001; Adami et 

al., 2002; Al-Sultan and Al-Elq, 2006; Antunes et al. 2009), and even indicate independent significant association of 

BMI with leptin levels (Antunes et al. 2009; Nakamura et al., 2009). However, there are controversies about the 

precise relationship of leptin with BMI, as it was suggested that the change in leptin levels related to BMI might also 

be due to age, race, type of obesity and other factors (Redon, 2001). 

Adiponectin, a 244-amino-acid polypeptide was discovered first in 1995 and characterized in various cells 

(Scherer et al., 1995; Matsuzawa et al., 2004; Lara-Castro et al., 2007). It is secreted from adipose tissues and also 

from placenta in pregnancy (Chen et al., 2006) into blood and modulates glucose regulation and fatty acid 
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breakdown (Díez and Iglesias, 2003) and is involved in a number of other metabolic processes. Adiponectin is a 

collagen-like protein expressed in adipose tissue (Díez and Iglesias, 2010). 

Adiponectin’s weight reducing effect through brain is similar in action of leptin (Nedvídková et al., 2005), 

though both can have synergistic actions. Two of its receptors (adiponectin receptor 1 – ADIPOR1 and adiponectin 

receptor 2 – ADIPOR2) and another receptor of cadherin family (T-cadherin - CDH13) (Yamauchi et al., 2003; Hug 

et al., 2004) have tissue specificities. Adiponectin levels are decreased in obesity, and are regulated by post-

translational cellular mechanisms though the exact mechanism of regulation is unknown yet (Liu and Liu, 2012). 

Adiponectin is produced in inverse proportion to fat mass in contrast to the secretion of leptin and other 

adipokines that are produced in direct proportion to fat mass, or as a pro-inflammatory or have adverse actions i.e., 

circulating adiponectin highest in lean individuals as inversely correlating with fat mass (Ding et al., 2012). This 

shows that the low levels of serum adiponectin might be considered as a risk factor in a variety of diseases (Ding et 

al., 2012).  Functions of adiponectin had been unclear, though it has been clinically shown that serum adiponectin is 

inversely associated with body weight, particularly abdominal visceral fat accumulation (Nishida et al., 2007).  

In regard to Saudi population, and especially in young students, it is needed to determine the association of 

leptin, and adiponectin with BMI, and relationship existing for leptin against adiponectin levels. Hence, we proposed 

the present study in young male university students to investigate the mentioned associations. 

 

METHODS AND MATERIALS 

 

The present report comprised non-obese male university students (age: 18-20 years) for studying the effect of 

BMI of normal range on plasma leptin and adiponectin levels, as well as the association of plasma leptin and 

adiponectin in these subjects. Total number of subjects in this study were 75. The information (mainly age of the 

subjects, ethnicity/ race, education level/ skills, year of education/ certificates or degrees, body temperature, blood 

pressure, nutrition, personal habits, smoking and other information) from the subjects was recorded in a 

questionnaire.  

Plasma levels of leptin were measured in ng/mL, whereas plasma adiponectin in µg/mL. The BMI was 

represented in body weight in kgs / body height in squared meters (m
2
). Criteria for exclusion and inclusions of the 

conditions was decided. All subjects were unmarried and non-smokers, and without any complicated disorder.  The 

subjects were fully informed about the purpose of the present research and collection of required data. They filled 

specific forms as volunteers for participating in the present study with their own willingness. No any subject was 

forced to provide data for the present study. Plasma levels of leptin and adiponectin were measured employing 

ELISA (enzyme-linked immunosorbent assay) kit (Human ELISA Kit) methods. Inter-assay and intra-assay 

variations were determined to be satisfactory.  

The data entry and analysis were done using SPSS software version 24. General principles were considered 

following a previous article (Zahir et al., 2014).   Regression was used to find the cause-and-effect relation between 

two variables by applying the relevant equation. The scatterplot of points indicated the strength of correlation, and 

analysis of the coefficient of determination (R
2
) was employed to determine the correlation between two variables.  

The mean ± SEM and BMI (17-20 kg/m
2
) were determined.   For the comparison of two variables, student’s t-test 

was employed. For regression lines, the values of the slope, intercept, df (degree of freedom), coefficient of 

determination (R
2
) and p were determined. 

 

RESULTS 

 

The mean ± SD value for BMI (kg/m
2
) in the subjects was 18.83 ±0.76. Plasma levels of leptin (ng/mL) and 

adiponectin (µg/mL) were respectively as 6.66 ± 2.99 and 5.62 ± 2.03. 

 

The results for the regression and correlation are given in equation form (Table 1). Association of BMI and 

plasma leptin in male non-obese Saudi university students showed highly significant positive linear correlation (p < 

.001). This was further confirmed from the regression line for the values of slope (3.26), intercept (-54.77) and R
2
 

(0.69) (Table 1). 

 

The relationship between BMI and plasma adiponectin showed highly significant negative association ((p < 

0.001). The regression plot showed the values of slope, intercept and R
2 

respectively as -1.69, 37.40 and 0.40 (Table 

1). 

The plot of leptin against adiponectin also gave highly significant negative linear correlation (p < 0.001). It is 

evident further from the values for slope (-0.47), intercept (8.72) and R
2
 (0.47) (Table 1).   
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Table 1. Association of plasma leptin and adiponectin in non-obese male Saudi students. 

 

 

Correlations 

 

Equation 

 

Value of 

slope 

 

Intercept 
 

R
2 #

 
 

p-value* 

BMI & plasma 

leptin 

Y= 3.2616x -54.766; R
2 

= 

0.688) 

 

3.26 -54.77 0.69 <0.001 

BMI & plasma 

adiponectin 

Y = -1.6881x + 37.405; R
2 

= 

0.3992 

 

-1.69 37.40 0.40 <0.001 

Plasma leptin & 

adiponectin 

Y = -0.4671+8.7228; R
2 

= 

0.4726 

 

-0.47 8.72 0.47 <0.001 

BMI: body mass index, #: coefficient of determination, * df (degree of freedom): 73 

 

DISCUSSION 

 

Present report reveals positive linear correlation of BMI against plasma leptin, and negative linear correlation 

for BMI against adiponectin, and leptin against adiponectin, in young male university students age 18-20 years. 

Although the association of BMI with serum/ plasma leptin has been suggested as mainly due to age, type of obesity 

and other factors, and not merely due to obesity (Redon, 2001), the positive and significant relationship for BMI 

against plasma leptin in the current report is quite similar to previous reports (Antunes et al. 2009; Nakamura et al., 

2009). There are other reports that agree with our present findings (Kazumi et al., 1999; Sattar et al., 2009; 

Kerimkulova et al., 2014). The present results for the association of leptin with BMI were found resembling in the 

work of various other workers (Hirose et al., 2001; Adami et al., 2002; Al-Sultan and Al-Elq, 2006; Antunes et al. 

2009).  

There are reports wherein positive relation of adiponectin with BMI was investigated (Cesari et al., 2007; 

Ciroma et al., 2017), or no relationship between BMI and adiponectin levels was found (Pádua et al., 2021). These 

reports contradict our present results since the type of their data was quite different. However, inverse relationship of 

adiponectin with BMI was found in several previous reports (Stefan et al., 2002; Meilleur et al., 2010; Klünder-

Klünder et al., 2013; Ramzan et al., 2014; Adaja, 2018) providing evidence for our present results. Furthermore, 

adiponectin levels were found varying with age, sex and BMI (Nri-Ezedi et al., 2021) that suggests to carry out 

further studies in both sexes with different age groups and BMI levels / categories. 

The present report provides interesting and potential information about the relationship existing among BMI, 

plasma leptin and plasma adiponectin that is helpful for future studies for exploring the use of this information for 

the management of disorders with altered/ abnormal levels of leptin and adiponectin in obese and non-obese people. 
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