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Abstract: Apelin-12 is one of the most potent forms of apelin, an adipocytokine that might contribute to the 
decrease in body weight. The aim of this project was to compare the level of serum apelin-12 in obese and non-
obese middle-aged men and to assess the relationship of serum apelin-12 concentration with anthropometric 
parameters and lipid profile. In this cross-sectional study, 150 obese men (body mass index (BMI) ≥ 30kg/m2) of age 
range between 35-56 years were selected. For the purpose of comparison, 140 non-obese age-matched men (BMI ≤ 
25kg/m2) were chosen as a control group. Anthropometric parameters were measured and peripheral blood samples 
were obtained for biochemical assays. Serum apelin levels were determined by enzyme-linked immunosorbent assay 
(ELISA). The data showed that serum apelin-12 levels were not significantly (P=0.48) different between the obese 
and the non-obese men. The serum apelin-12 levels did not correlate with the anthropometric parameters and the 
lipid profile in the two groups. The finding of this research suggests that serum apelin-12 concentration is not 
involved in the pathological mechanism of obesity in middle-aged men. 
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1. Introduction 

Adipose tissue is vital for the human life. Its 
excessive accumulation determines the development 
of obesity and the obesity-related diseases, including 
type II diabetes, atherosclerosis and its complications, 
osteoarthritis, rheumatoid arthritis, and cancer 
(Schelbert, 2009). Although the causes and 
mechanisms involved in the diseases that are linked to 
obesity are not fully understood, imbalance in the 
production of adipokines contributes to the 
development of metabolic disorders (Castan-Laurell et 
al., 2005; Lago et al., 2007; Lago et al., 2009; 
Wozniak et al., 2009; Jung and Choi, 2014). 

Apelin is a biologically active peptide that has 
been identified in 1998 as a member of the adipokines 
(Tatemoto et al., 1998). The peptide was isolated from 
bovine stomach extracts and apelin mRNA is highly 
expressed in various tissues, including adipose tissue 
(Habata et al., 1999; O’Carroll et al., 2000; Kawamata 
et al., 2001; Kasai et al., 2004; Xie et al., 2006; 
Shirasuna et al., 2008). Therefore, its tissue 
distribution suggests that apelin signaling is involved 
in a broad range of physiological functions. A group 
of researchers very recently have identified plasma 
apelin as a novel biomarker for predicting type II 
diabetes in men (Ma et al., 2014). In regard to the up-
regulation of apelin, insulin is considered one of the 
main regulators of apelin production in adipocytes 
(Boucher et al., 2005). The apelin levels are reported 
to increase in association with insulin resistance and 
hyperinsulinemia (Boucher et al., 2005; Bełtowski, 
2006). Other factors positively regulate apelin 
expression in adipocytes are tumor necrosis factor 

alpha (TNF-α) and lipopolysaccharide (Daviaud et al., 
2006; Geurts et al., 2011). On the other hand, apelin 
expression was found to participate in regulation of 
blood pressure, cardiac contractility, fluid balance and 
stimulation of adrenocorticotropic hormone (ACTH) 
release by the pituitary (Szokodi et al., 2002; Taheri et 
al., 2002; Reaux-Le Goazigo et al., 2007; Zhu et al., 
2013). In humans, apelin is encoded by the apelin 
gene (APLN) that is located on chromosome Xq25–
26.1 and encodes a prepropeptide of size 77-amino 
acid that is processed into isoforms of varying lengths 
(Tatemoto et al., 1998; Lee et al., 2000; De Mota et 
al., 2004; Miettinen et al., 2007; Azizi et al., 2008). To 
date, 46 fragments of active apelin peptides have been 
identified from apelin-55 to apelin-12 (Mesmin et al., 
2011). 

The apelin pre-proprotein peptide, apelin-12, is 
one of the most potent C-terminal fragments of the 
polypeptide that possesses a high affinity to apelin 
receptor (APLNR) (Langelaan and Rainey, 2009). It 
has been shown that apelin-12 is involved in lowering 
blood pressure via a nitric oxide-dependent 
mechanism, and proposed to be involved in the 
pathogenesis of childhood atopic asthma (Tatemoto et 
al., 2001; Machura et al., 2013a). It can serves as an 
excellent indicator to distinguish children with atopic 
dermatitis from those without disease (Machura et al., 
2013b). It is also involved in the upregulation of 
cardiac antioxidant defense systems and attenuation of 
lipid peroxidation (Pisarenko et al., 2014). Tasci and 
his group have also found that plasma apelin-12 was 
lower in patients with elevated LDL-C (Tasci et al., 
2007). 
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The studies cited above indicate the importance 
of apelin-12. Nowadays there are an increasing 
number of studies assessing apelin in an attempt to 
clarify its physiological role in obesity. Despite the 
notable interest, there are still many unknowns, and, in 
some cases, opposite results have been described. In 
the literature, the knowledge about the role of apelin-
12 in the pathological mechanism of obesity is not 
sufficient enough in middle-aged men. Unfortunately, 
very few data exist on differences in plasma 
concentrations of apelin-12 between obese and non-
obese middle-aged men. In the present study, the aim 
was looking for potential differences in serum apelin-
12 concentrations between obese and non-obese 
middle-aged men. Additionally, the relationship of 
serum apelin-12 concentrations with anthropometric 
parameters and lipid profile was assessed. 
2. Material and methods 
Subjects 

In this cross-sectional study, 150 randomly 
selected middle age obese men (body mass index 
(BMI) ≥ 30kg/m2) were enrolled. For the purpose of 
comparison of the serum apelin levels, 140 non-obese 
age-matched men (BMI ≤ 25kg/m2) were selected as a 
control group. Both groups were chosen from subjects 
who visited King Abdul Aziz Hospital; Jeddah, for 
annual health examinations. All volunteers were of 
Saudi origins. All subjects underwent complete 
physical examinations and routine biochemical 
analysis of blood. None of the volunteers had been on 
any medication treatment or symptoms of a recent 
illness. All the volunteers had no history of any 
clinically significant medical condition. Subjects with 
diabetes, high blood pressure, and endocrine disorders 

were excluded. All participants gave their informed 
consent before enrollment in the study. This study 
approved by the Ethic Committee of the King Abdul-
Aziz University (KAU). 
Anthropometric measurements 

Standard methods were used to measure height, 
weight, waist circumferences (WC), and hip 
circumferences (HC). Body weight was measured 
with light clothing on, with up to 0.1kg precision. 
Height was measured up to 0.1cm precision. The BMI 
was calculated as weight (kg) divided by height in 
meters squared (m2). Waist-to-hip ratio (WHR) was 
also calculated as WC divided by HC. BMI is used to 
reflect the total body fat, while WC and WHR are 
indirect measurements of body fat centralization. 
Measurement of serum apelin-12 level 

Blood samples were collected after overnight 
fasting for more than 12 hours. Serum apelin-12 
concentrations were determined by using enzyme-
linked immunosorbent assay (ELISA) specific for 
apelin-12 (Human Apelin-12 ELISA Kit. Phoenix 
Pharmaceuticals, Belmont, CA) Intra- and inter-assay 
CVs were 5%, and 14%, respectively. Duplicate 
measurements were performed in a single experiment. 
The apelin-12 concentration was evaluated based on 
standard curve carried out for serial dilution available 
in kit standards. Absorbance was measured using 
spectrophotometer (μQuant, Microplate Reader, Bio-
Tek, USA) at 450nm wavelengths. 
Determination of lipid profile 

All lipid profile parameters were calculated 
automatically colorimetric test on Dimension Clinical 
chemistry system (Model: Dimension Xpand Plus, 
Dade Behring, serial number: 2004080721, Germany). 

 
Table I.  Physical and chemical characteristics of the obese and the non-obese middle-aged men 

Variables 
Obese group (BMI≥ 30 kg/m2) 

N=150 
Non-obese group (BMI≤ 25kg/m2) 

N=140 P 

Age (year) 48.3±9.7 46.0±7.8 0.51 
Height (cm) 168.5±6.2 166.2±5.4 0.69 
Weight (kg) 98.9±8.3 65.1±6.2 0.0001** 
BMI (kg/m2) 35.1±3.2 22.1±2.3 0.0001** 

WC (cm) 77.1±31.5 67.2±27.7 0.37 
HC (cm) 85.5±35.4 65.5±31.3 0.25 

WHR 0.90±0.9 1.03±0.9 0.29 
Cholesterol (mg/dl) 176.8±40.4 168.2±28.1 0.51 
Triglyceride (mg/dl) 203.1±98.6 118.6±62.7 0.15 

HDL (mg/dl) 43.1±8.1 43.6±5.8 0.57 
LDL (mg/dl) 95.4±31.2 104.1±22.5 0.37 

Total lipid (mg/dl) 7.19±0.5 7.18±0.4 0.56 
Apelin (ng/ml) 0.61±0.6 0.39±0.2 0.48 

 
Statistical analysis 

All values are presented as mean± SD. 
Comparisons between groups were made using Mann-
Whitney test. Correlations were analyzed by 
Spearman’s rank correlation coefficient. For all 

analysis, P-value < 0.05 was considered as statistically 
significant. All statistical analyses were carried out 
using the SPSS for Windows V16.0 (SPSS Inc., 
Chicago, IL, USA).  

Mann Whitney U test was used for the analysis. 
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Values were represented as the mean ± standard 
deviation. 

WHR: waist-to- hip ratio; BMI: body mass 
index; WC: waist circumference; HC: hip 
circumference; HDL: High-density lipoprotein; LDL: 
Low-density lipoprotein. 

**P: Highly significant. 
 
3. Results 

Characteristics of the 150 obese males and the 
140 control subjects are presented in Table 1. Both 
groups were similar in age (P=0.51), height (P= 0.69), 
waist circumference (WC) (P=0.37), hip 
circumference (HC) (P=0.25), and waist-to-hip ratio 
(WHR) (P=0.29). They were significantly different in 
weight (P= 0.0001) and BMI (P=0.0001). There was 
no significant difference (P= 0.48) in the mean value 
of apelin-12 levels between the two groups (Table 1). 
Correlation between serum apelin-12 to the 
anthropometric and lipid profile parameters of the 
obese and the non-obese middle-aged men showed no 
correlation with any of the anthropometric parameters 
and the lipid profile. 
4. Discussion 

The relationship between the serum apelin-12 
and obesity could be an important determinant of the 
pathophysiological mechanism involved in the 
metabolic syndrome. The present study analyzed the 
concentration of apelin-12 in obese and non-obese 
Saudi middle-aged men. The aim was to test the 
hypothesis that circulating apelin-12 is involved in the 
pathological mechanism of obesity in middle-aged 
men. In contrast to the hypothesis, there was no 
significant difference in the mean value of apelin-12 
levels between the obese and the non-obese men. 

Apelin has been proposed as a novel beneficial 
adipokine that is related to insulin resistance, 
cardiovascular risk factors, and obesity. Therefore, 
apelin-12 expected to be related to body adiposity. 
Although apelin has been linked to obesity in few 
studies (Boucher et al., 2005; Heinonen et al., 2005; 
Li et al., 2006; Erdem et al., 2008; Soriguer et al., 
2009), data were controversial and the different forms 
for apelin present in the circulation were not identified 
in most of the analysis. Up to date, data about the 
behavior of apelin-12 in obese middle-aged men are 
limited. Only few studies evaluating apelin-12 in 
children and obese adults with obesity related diseases 
were conducted. Heinonen and his group investigated 
basal plasma levels of apelin in morbid obese patients 
(BMI=48+/-1 kg/m2n=32) undergoing gastric banding 
surgery and observed significantly higher serum 
apelin concentrations compared with normal-weight 
subjects (Heinonen et al., 2005). Boucher and his team 
investigated the influence of obesity and 
hyperinsulinemia in plasma apelin levels in eight 

moderately obese and nine-age matched male controls. 
They reported higher plasma apelin and insulin levels 
in obese adult males and suggested that the rise in 
plasma insulin could promote an increase in blood 
concentrations of apelin (Boucher et al., 2005). 
Subsequent work recruited a small number (54) of 
mixed-gender (16 type II Diabetes, 26 obese non-
diabeteic, and 12 non-obese controls) and found no 
evidence of a relationship between apelin and obesity 
(Soriguer et al., 2009). They demonstrated that obesity 
is not the main determinant of the rise in apelin levels. 
They suggested that the association between apelin 
levels, glucose concentrations and insulin sensitivity 
presents a point that apelin might play a role in the 
pathogenesis of diabetes. The data of the present study 
is in an agreement with the above results, in regard to 
the fact that obesity is not the cause of the rise in 
apelin levels. It is possible that the obese group in the 
present study might not have developed the metabolic 
consequences of obesity and they were metabolically 
healthy obese. Therefore, there was no significant 
difference in the mean value of apelin-12 levels 
between the obese and the non-obese men. The 
present study supports the suggestion that obesity is 
not the cause of the rise in apelin levels and that the 
concentration of apelin-12 is not involved in the 
pathological mechanism of obesity in middle-aged 
men. 

Apelin levels in adults showed an association 
with all of the features of the metabolic syndrome, 
including obesity (Boucher et al., 2005; Heinonen et 
al., 2005), diabetes (Li et al., 2006; Erdem et al., 
2008), and insulin resistance (Glassford et al., 2007; 
Karbek et al., 2014). Although the current study 
revealed that the levels of apelin-12 did not correlate 
significantly with anthropometric parameters in the 
non-obese and the obese middle-aged men, the result 
of the present work confirms lack of relationship 
between serum apelin-12 levels and obesity. Other 
finding of the current study involved lipid profile. In 
the two groups, serum apelin-12 level did not correlate 
with the lipid profile, as shown in other studies. A 
group searched plasma apelin levels in patients with 
elevated low-density lipoprotein (LDL)-cholesterol 
having no additional disorder. Thirty-three patients 
with hypercholesterolemia and 50 age-, sex-, and body 
mass index-matched healthy controls were evaluated 
for their apelin plasma. It was found that apelin is 
decreased in non-obese, non-diabetic and 
normotensive patients with elevated LDL-cholesterol 
(Tasci et al., 2007). Angelova et al., work revealed 
significant correlation of apelin and LDL-C in men 
with metabolic syndrome (Angelova et al., 2014). The 
results of the above studies indicate that the change to 
apelin level was due to abnormal lipid profile. In this 
study, there was no change in the level of apelin-12 in 
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the obese group. There was no relationship of serum 
apelin-12 level to the anthropometric parameter and 
the lipid profile. The gained meaning is that there is 
no relationship between apelin-12 and obesity in 
metabolically healthy middle-aged men. The present 
study has some limitations. The number of the 
subjects studied was relatively small and the study 
was a cross-sectional and not prospective cohort 
study. 
5. Conclusion 

The finding of no significant difference in the 
mean value of apelin-12 levels between the obese and 
the non-obese men suggests that the concentration of 
apelin-12 is not involved in the pathological 
mechanism of obesity in middle-aged men. In 
addition, the study revealed that the levels of apelin-
12 did not correlate significantly with the 
anthropometric parameters and the lipid profile. These 
results confirm the lack of the relationship between 
serum apelin-12 levels and obesity in the obese 
middle-aged men. Further prospective study is needed 
to clarify the role of apelin-12 in the pathological 
mechanism of obesity. 
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