
ISSN 2320-5407                               International Journal of Advanced Research (2016), Volume 4, Issue 2, 636-644 
 

636 

 

                                                   Journal homepage: http://www.journalijar.com                 INTERNATIONAL JOURNAL 

                                                                                                                           OF ADVANCED RESEARCH 

                                                                                                                               

RESEARCH ARTICLE 

 

Leptin as a possible link between obesity, hypertension and insulin resistance in Egyptian females 

 

Tarek K Motawi
1
, Olfat G Shaker

2
, Nancy N Shahin

1
, Hebatalla M Kamalaldin

3
, Nancy M Ahmed

4
. 

1. Department of Biochemistry, Faculty of Pharmacy, Cairo University, Cairo, Egypt.  

2. Department of Medical Biochemistry and Molecular Biology, Faculty of Medicine, Cairo University, Cairo, 

Egypt. 

3. Department of Internal Medicine, Faculty of Medicine, Cairo University, Cairo, Egypt. 

4. Department of Biochemistry, Faculty of Pharmacy, Nahda University, Bani-Suef, Egypt. 

 

Manuscript Info                  Abstract  

 
Manuscript History: 
 

Received: 14 December 2015 
Final Accepted: 26 January 2016 

Published Online: February 2016                                          

 
Key words:  
Leptin, obesity, hypertension, 
insulin resistance, Egypt 

 

*Corresponding Author 

 

Nancy Mamdouh Ahmed. 

 
 

 

 

Leptin is a peptide expressed and secreted from adipocytes. It serves an 

adipostat function that regulates fat mass by decreasing food intake and 

increasing energy expenditure or thermogenesis. Leptin is found to be related 

to obesity, hypertension and insulin resistance in some studies. Our aim was 

to investigate leptin as a possible link between obesity, hypertension and 

insulin resistance in Egyptian females. Eighty adult females were recruited, 

blood pressure and body measures were recorded and a fasting blood sample 

was obtained for the quantitation of glucose, lipid profile, insulin and leptin. 

Running several statistical analyses, we found that leptin was significantly 

elevated (all at p˂0.001) in case of insulin resistance and obesity when 

classified upon body mass index, waist circumference or waist/height ratio 

but not upon waist/hip ratio nor conicity index. On the other hand, 

hypertension and metabolic syndrome did not show leptin variation in cases 

than in controls. 
                   Copy Right, IJAR, 2016. All rights reserved.

 

Introduction   

Leptin is a 16 kDa peptide consisting of 167 amino acids expressed and secreted from white adipose tissue as part of 

a feedback loop where changes in adipose tissue mass are signaled to CNS centers to regulate fat mass by decreasing 

food intake and increasing energy expenditure or thermogenesis (Haynes et al., 1997; Chakraborty and Chakraborty, 

2012), so it serves an “adipostat” function (Eikelis et al., 2003). It is named leptin after the Greek leptos for “thin” 

(Haynes et al., 1997). It is generally thought that human obesity is a state of relative leptin resistance and plasma 

leptin levels were proportionally greater in the obese than in their leaner counterparts. This may be attributed to both 

greater leptin production per unit of body fat “due to resistance” and to increased production of leptin from the 

increased size of body fat mass (Ahrén et al., 1997). Variations in total body fat content and fat distribution explain 

approximately 50% of circulating leptin level variance (Nawata et al., 2008).  

 

Leptin increases sympathetic activity causing a slow but steady rise in arterial pressure (usually minimal effect) and 

increased heart rate. However, these effects are thought to be attenuated through stimulation of endothelium-derived 

nitric oxide (Kuo et al., 2001) and through the action of leptin on the renal tubules to promote natriuresis and 

diuresis (Haynes et al., 1997). This issue is controversial, a study states that a graded statistically significant 

association between plasma leptin concentration and systolic and diastolic blood pressure exists independently of 

body mass and of abdominal adiposity (Barba et al., 2003), while another study shows no correlation at all between 

blood pressure and leptin (Franks et al., 2005). The level of circulating leptin also correlates with insulin secretion, 

explaining 2% of its variance (Saad et al., 1997) although no abnormalities in circulating leptin have been associated 

with glucose intolerance or diabetes (Ahrén et al., 1997). Long-term therapy with subcutaneous injections of 
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recombinant leptin provided sustained beneficial effects on lowering fat mass, hyperinsulinemia, and hyperlipidemia 

in human obese subjects (Cheung and Mao, 2012). 

 

Over the few recent years, several studies addressed leptin and its association with diseases like obesity (Schinzari et 

al., 2013), hypertension (Galletti et al., 2012; Moraes et al., 2013), insulin resistance (Askari et al., 2010) and 

metabolic syndrome (Esteghamati et al., 2011; Martins et al., 2012). Nevertheless, none was conducted on Egyptians 

yet. So, the main aim of the present study was to investigate the variations in leptin levels within several disorders 

such as obesity, hypertension and insulin resistance in a sample of Egyptian females. 

 

Subjects and Methods 
Eighty adult non-pregnant females were chosen from an outpatient clinic, Kasr El-Aini Hospital, affiliated to Cairo 

University. Subjects suffering hematologic, renal, hepatic or thyroid disorders were excluded. For each participant, 

full medical and family history were checked, anthropometric measurements and blood pressure were recorded, in 

addition to taking a fasting blood sample. A written informed consent was obtained from all participants before 

enrollment in the study. The research protocol was approved by the Research Ethical Committee of the Faculty of 

Medicine, Cairo University. The research also conformed to the ethical guidelines of the Declaration of Helsinki.  

 

Anthropometric measurements 

Body weight was measured using an electronic scale while wearing light clothes and no shoes. Non-stretchable tape 

was used to measure height in an upright standing position without shoes, waist circumference (WC) was measured 

at the midpoint between the bottom of the ribs and the top of the iliac crest, and finally, hip circumference was 

measured at the largest posterior extension of the buttocks.  

Blood pressure 

For systolic and diastolic blood pressure (SBP and DBP), auscultation method using a mercury sphygmomanometer 

and a stethoscope was performed in sitting position after resting for at least 10 min, following the recommendations 

of the American Heart Association (Pickering et al., 2005).  

 

Blood sampling 

A 12 hours-fasting blood sample was taken and divided into two portions for further analysis: 1 ml was fluorinated 

for determination of fasting blood glucose level, and 2 ml was prepared into serum for assay of insulin, leptin and 

lipid profile.  

 

Biochemical laboratory investigations 

Enzymatic colorimetric methods were used to determine plasma glucose level (Trinder, 1969), serum triglycerides 

(TG) level (Megraw et al., 1979) and serum total cholesterol (TC) level (Allain et al., 1974). Serum high density 

lipoproteins (HDL) level was determined using a precipitating kit (Grove, 1979). Low density lipoproteins (LDL) 

level was calculated using the equation: LDL=TC – HDL – (TG/5) (Friedewald et al., 1972). All kits were supplied 

by PIONTE SCIENTIFIC Inc. (Canton, MI, USA). 

 

Enzyme-linked immunosorbent assay (ELISA) 

The kits used for determination of leptin and insulin levels were supplied by DiaSource Europe S.A (Nivelles, 

Belgium). Serum leptin level was determined using solid phase Enzyme Amplified Sensitivity Immunoassays 

(EASIA). Its detection limit was 0.04 ng/ml, the inter-assay coefficient of variance (CV) was 10.2–12.7% and the 

intra-assay CV was 3.5–13.3%. Insulin was assayed using an ELISA kit that employed a quantitative sandwich 

enzyme immunoassay technique. Its detection limit was 0.881 pmol/L, the inter-assay CV was 6.9–7.5% and the 

intra-assay CV was 3.7–4.0%. 

 

Calculated indices 

Several indices were calculated for each subject. The two indices for blood pressure were mean arterial pressure 

(MAP) and pulse pressure (PP) (Chae et al., 1999). Insulin resistance indices were homeostasis model assessment 

(HOMA), quantitative insulin sensitivity check index (QUICKI) and fasting glucose insulin ratio (FGIR) (Keskin et 

al., 2005). Adiposity indices were body mass index (BMI), waist/hip ratio (WHR) (Abolfotouh et al., 2011), 

waist/height ratio (WHtR) (Abdullah et al., 2009), and conicity index (C-index) (Chakraborty and Chakraborty, 

2012). Finally, lipid ratios were TC/HDL and LDL/HDL (Avenue, 1992). 
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Subjects grouping  

The studied individuals were classified into three groups based on both BMI and leptin level [obese patients with 

high leptin level (n=26), obese patients with low leptin level (n=25) and lean control subjects (n=29)]. The cut-off 

used for leptin categorization was 11 ng/ml (Esteghamati et al., 2011). Subjects were also divided into 2 categories 

based on each of the following cut-offs for hypertension (SBP ≥ 140 or DBP ≥ 90 (Pickering et al., 2005)), BMI (≥ 

26 (Masuo et al., 2000)), WC (≥ 92 cm (Ibrahim et al., 2011)), WHR (≥ 0.85 (Deurenberg and Yap, 1999)), WHtR 

(≥ 0.52 (Abdullah et al., 2009)), HOMA (≥ 3.5 (Ramadan, 2013)) and metabolic syndrome (patients having at least 

3 of 5 criteria (WC ≥ 92 cm, SBP ≥ 130 mmHg and/or DBP ≥ 85 mmHg, fasting glucose ≥ 100 mg/dl, TG ≥ 150 

mg/dl and HDL < 50 mg/dl) (Sliem et al., 2012)). 

 

Statistical analyses 

All the statistical analyses were carried out using SPSS (Chicago, IL, USA) software, version 17.0 for Microsoft 

Windows. Data were presented as mean ± standard deviation for quantitative variables, and as numbers and 

percentages for categorical variables. Comparisons of the continuous parameters were made with independent 

sample t-test between two groups and ANOVA between three groups. Continuous variables were converted into 

categorical values to assess the association between leptin and some metabolic parameters using the chi-square test.  

A value of p<0.05 (two-tailed) was considered significant. 

 

Results 
We first classified our sample of Egyptian females into 2 groups based on different parameters as shown in Table 1 

in order to investigate leptin levels among the different disorders under study. Leptin was significantly elevated in 

obese subjects when classified upon BMI, WC or WHtR but not WHR nor C-index. Also, insulin resistance was 

accompanied by significantly higher leptin level. On the other hand, hypertension and metabolic syndrome did not 

show leptin variation in cases than in controls.  

 

Using ANOVA, we then analyzed our sample when stratified based on BMI and leptin level into three groups; obese 

subjects with higher leptin levels than 11 ng/ml (leptin: 17.99 ± 5.27), obese subjects with leptin levels below 11 

ng/ml (leptin: 7.06 ± 2.52) and normal control subjects (leptin: 4.10 ± 1.83). As shown in Table 2, all 

anthropometric parameters showed a highly significant association with leptin levels at p ˂ 0.001, except WHR and 

C-index that were not significantly different between the three groups. The differences in blood pressure parameters 

were non-significant although a pattern of lower blood pressure was noticed in lean subjects. Also, obese subjects 

having higher leptin levels had slightly lower blood pressure than obese subjects having lower leptin levels. By 

comparing the lipid profile between the three groups, it was found that triglycerides were significantly higher in the 

obese high leptin group than in the  lean group. Also, the obese high leptin group showed a significant difference in 

HDL and cholesterol ratios compared to subjects with lower leptin levels, whether they were obese or lean. 

Although levels of TC and LDL showed the same pattern, they did not reach statistical significance. As for the 

indices of insulin resistance: glucose, insulin and HOMA showed significant elevation in obese subjects with high 

leptin compared to lean subjects, while QUICKI was significantly higher in both obese groups than the lean group, 

while FGIR was not different between the three groups. 

 

To further investigate the association of leptin with hypertension, insulin resistance and metabolic syndrome, we 

used chi-square to check the frequencies of subjects for any significant difference between groups, but none was 

found, as shown in Table 3. 

 

We also checked the possible association between obesity and hypertension and whether leptin affected that 

relationship. No significant association was found between hypertension and obesity based on all anthropometric 

parameters used, except WHR. As shown in Table 4, high WHR was associated with a significantly higher 

prevalence of hypertension than normal WHR subjects both having high or low leptin levels, but the odds were 

higher in case of leptin ˂ 11 ng/ml (OR= 11.00 vs 3.94). 

 

Discussion 
In this study on a sample of Egyptian females, our aim was to investigate the variations in leptin levels within 

several disorders such as obesity, hypertension and insulin resistance. Our study was sex-specific and included only 

females since gender is a significant determinant of leptin level explaining 28% of its variance, where plasma leptin 

levels are higher in females than males, independent of BMI and age (Takizawa et al., 2001; Martins et al., 2012), 
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probably because of the fact that leptin levels have a higher correlation with subcutaneous fat -which is higher in 

females- than with visceral fat levels and the fact that leptin levels are inversely correlated with testosterone levels 

(Shi and Clegg, 2009).  

 

Stratification of obese subjects having high BMI according to their leptin level showed that leptin level highly 

paralleled the anthropometric indices: weight, WC, hip, BMI and WHtR, but not WHR nor C-index. The higher the 

leptin level, the higher these indices were, being significantly higher in severely obese high leptin group than in the 

obese low leptin group which was also significantly higher than the lean control group. This reflects resistance to 

leptin effects on appetite suppression that increases with higher leptin levels making obesity more severe. Previous 

studies also stated similar findings that leptin level correlates significantly with body weight, BMI and percent body 

fat but not with WHR (Saad et al., 1997; Martins et al., 2012). 

 

As for hypertension, the pattern was different, although all were non-significant. Blood pressure was noticed to be 

lower in control lean subjects. On the other hand, obese subjects having higher leptin levels had slightly lower blood 

pressure than obese subjects having lower leptin levels. Also, considering the possible association between obesity 

and hypertension and whether leptin affected that relationship, no significant association was found between 

hypertension and obesity based on all anthropometric parameters measured except WHR that showed possible 

association. The prevalence of hypertension was significantly higher in subjects having high WHR than in subjects 

having normal WHR, at both levels of leptin, but the odds were higher in case of leptin levels ˂11 ng/ml. This 

higher association between hypertension and obesity (based on WHR) at lower leptin elevation and the slightly 

higher blood pressure at lower leptin elevations, may both be attributed to slight increase of blood pressure with 

increasing leptin followed by resistance to leptin effects on blood pressure at higher leptin values. It was previously 

found that elevated leptin level causes only minimal stimulation of sympathetic activity in obese subjects which may 

be explained by obesity-associated leptin resistance on the hypothalamus, thus, resistance to the effects of leptin 

both on satiety and sympathetic activity (Kuo et al., 2001; Schinzari et al., 2013). Also, the lack of an acute pressor 

effect of leptin may be due to opposing depressor effects, such as stimulation of endothelial-derived nitric oxide, 

which offsets the effects of increased sympathetic activity (Kuo et al., 2001). Recent studies tied elevated plasma 

leptin with high blood pressure only to special conditions such as in overweight and obese subjects (Galletti et al., 

2012) or in uncontrolled resistant hypertension not in well-controlled patients (Moraes et al., 2013). 

 

In our study, lipid profile parameters were found to be related to leptin levels not to BMI classification. Subjects 

having high BMI and high leptin level showed a significant difference in lipid parameters (mainly TG and 

cholesterol ratios) than subjects with lower leptin, regardless of their BMI. On the other hand, levels of TC and LDL 

showed the same pattern, but they did not reach statistical significance. This probably suggests that leptin level 

should be taken in consideration when evaluating the relationship between obesity and lipid profile. Unlike our 

results, previous studies showed no significant correlations between plasma leptin levels and lipids (Leyva et al., 

1998; Franks et al., 2005).  

 

As for the indices of insulin resistance: glucose, insulin and HOMA showed significant elevation in the obese high 

leptin than the lean subjects, while QUICKI was significantly different in both obese groups than the lean group. In 

addition, leptin differed significantly between the insulin resistant and the insulin sensitive subjects, suggesting a 

relationship between leptin and insulin resistance. It seemed that Quicki was the insulin resistance parameter to 

differ significantly in response to obesity at the slightest increase of leptin than normal, while glucose, insulin and 

HOMA were significantly elevated only in the obese high leptin than the controls. On the other hand, FGIR was not 

a sensitive indicator of insulin resistance in our sample of Egyptian females. It was previously mentioned that serum 

insulin levels are directly related to leptin levels regardless of gender and age (Thomas et al., 2000; Askari et al., 

2010; Martins et al., 2012) or in females only (Takizawa et al., 2001; Cnop et al., 2002), while another study stated 

that leptin may not be directly related to glucose intolerance (Saad et al., 1997). 

 

Conclusions 
In the currently studied sample of Egyptian females, anthropometric indices showed highly significant variations 

matching leptin levels except WHR and C-index. Blood pressure did not vary significantly between subjects with 

high or low leptin levels. Insulin, HOMA and QUICKI were the best insulin resistance parameters that significantly 

mirrored leptin levels, unlike FGIR. TG, HDL and cholesterol ratios were the best to match leptin-based differences, 

unlike TC or LDL. 
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Tables 
Table 1: Comparison of leptin level (ng/ml) based on different groupings 

Group (n) Leptin Group (n) Leptin t Sig. 

Obese BMI (51)  12.05 ± 7.07 Normal BMI (29)  4.60 ± 4.17 5.54 ˂ 0.001 

Large WC (53) 11.26 ± 7.30 Normal WC (27)  3.97 ± 2.07 6.48 ˂ 0.001 

Large WHtR (69)  10.29 ± 7.20 Normal WHtR (11)  3.23 ± 0.83 7.34 ˂ 0.001 

Large WHR (55)  9.21 ± 6.35 Normal WHR (25)  9.77 ± 8.74 -0.27 0.79 

Large C-index (44)  8.73 ± 6.46 Normal C-index (36)  10.22 ± 7.92 -0.87 0.39 

Hypertensive (40)  9.13 ± 7.44 Normotensive (40)  9.64 ± 6.90 -0.30 0.77 

Insulin Resistant (62)  10.31 ± 7.53 Insulin Sensitive (18)  5.70 ± 3.42 3.39 0.001 

MetS (45)  9.89 ± 7.58 No MetS (35)  8.83 ± 6.65 0.62 0.54 

Data are presented as mean ± standard deviation. 

BMI: body mass index, C-index:  conicity index, MetS: metabolic syndrome, Sig.: significance, t: t-test statistic, WC: waist 

circumference, WHR: waist/hip ratio, WHtR: waist/height ratio. 

 

 

Table 2: Comparison of different indices between studied groups via ANOVA 

 Obese subjects with 

leptin ˃ 11 (26) 

Obese subjects with 

leptin ˂ 11 (25) 

Lean subjects  

(29) 

F Sig. 

Leptin * 17.99 ± 5.27 
1 

7.06 ± 2.52 
2 

4.10 ± 1.83 
3 

117.33 ˂ 0.001 

Age 48.81 ± 6.74 49.24 ± 5.42 47.52 ± 11.42 0.31 0.74 

Weight * 98.37 ± 16.25 
1 

80.50 ± 15.42 
2 

53.91 ± 9.03 
3 

72.84 ˂ 0.001 

Height 156.27 ± 5.10 155.92 ± 6.75 153.66 ± 7.40 1.31 0.28 

Waist * 113.31 ± 11.27 
1 

104.24 ± 10.32 
2 

85.48 ± 10.63 
3 

48.28 ˂ 0.001 

Hip *  125.12 ± 13.14 
1 

113.48 ± 9.61
2 

96.21 ± 8.23 
3 

53.35 ˂ 0.001 

BMI * 40.30 ± 6.48 
1 

33.00 ± 5.44 
2 

22.70 ± 2.58 
3 

85.33 ˂ 0.001 

WHR 0.91 ± 0.09 0.92 ± 0.08 0.89 ± 0.09 0.99 0.38 

WHtR * 0.73 ± 0.08 
1 

0.67 ± 0.07 
2 

0.56 ± 0.07 
3 

41.12 ˂ 0.001 

C-index 1.315 ± 0.087 1.34 ± 0.099 1.328 ± 0.124 0.35 0.71 

SBP 130.77 ± 15.67 134.60 ± 17.26 128.97 ± 22.26 0.62 0.54 
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DBP 84.23 ± 9.87 86.00 ± 10.99 81.21 ± 11.78 1.34 0.27 

MAP 99.74 ± 11.26 102.20 ± 12.53 97.13 ± 14.90 1.02 0.37 

PP 46.54 ± 9.46 48.60 ± 10.16 47.67 ± 12.65 0.23 0.80 

TC 168.62 ± 35.09 166.20 ± 34.66  156.31± 20.80 1.27 0.29 

TG * 96.69 ± 37.83 
1 

86.40 ± 35.17
 

69.83 ± 13.92 
2 

5.51 0.006 

LDL 115.31 ± 30.64 110.44 ± 30.39 103.24 ± 24.94 1.24 0.29 

HDL * 33.58 ± 8.02 
1 

38.88 ± 8.25 
2 

39.59 ± 9.03 
2 

3.99 0.022 

TC/HDL * 5.18 ± 1.17 
1 

4.39 ± 1.04 
2 

4.17 ± 1.20 
2 

5.77 0.005 

LDL/HDL * 3.56 ± 1.08 
1 

2.93 ± 0.93 
2 

2.81 ± 1.12 
2 

3.97 0.023 

Glu * 110.69 ± 17.26 
1 

105.64 ± 17.89
 

96.79 ± 21.91
 2 

3.69 0.03 

Insulin * 20.15 ± 6.36 
1
  18.56 ± 4.05

 
16.58 ± 2.96 

2 
4.11 0.02 

HOMA * 5.61 ± 2.38 
1 

4.80 ± 1.19
 

3.95 ± 1.09 
2 

7.00 0.002 

QUICKI *  0.302 ± 0.015 
1 

0.305 ± 0.01
1 

0.314 ± 0.012 
2 

7.64 0.001 

FGIR 5.93 ± 1.75 5.99 ± 1.86 6.06 ± 1.89 0.03 0.97 

Data are presented as mean ± standard deviation. 

BMI: body mass index, C-index: conicity index, DBP: diastolic blood pressure, F: ANOVA statistic, FGIR: fasting glucose 

insulin ratio, Glu: glucose level, HDL: high density lipoproteins, HOMA: homeostasis model of assessment of insulin 

resistance, LDL: low density lipoproteins, MAP: mean arterial pressure, PP: pulse pressure, QUICKI: quantitative insulin 

sensitivity check index, Sig: significance, SBP: systolic blood pressure, TC: total cholesterol, TG: triglycerides, WC: waist 

circumference, WHR: waist/hip ratio, WHtR: waist/height ratio, *: significant difference, superscripted letters: summary of 

Duncan post-hoc tests. 

 

 

Table 3: Association of leptin with different disorders using chi-square test 

 Hypertension Insulin Resistance Metabolic Syndrome 

Hypertensive 

(40) 

Normotensive 

(40) 

Resistant 

(62) 

Sensitive 

(18) 

Yes  

(45) 

No  

(35) 

Leptin ˃ 11 (26) 12 (46.2%) 14 (53.8%) 23 (88.5%) 3 (11.5%) 16 (61.5%) 10 (38.5%) 

Leptin ˂ 11 (54) 28 (51.9%) 26 (48.1%) 39 (72.2%) 15 (27.8%) 29 (53.7%) 25 (46.3%) 

 χ
2
=0.23, p=0.81 χ

2
=2.65, p=0.15 χ

2
=0.44, p=0.63 

The frequency of subjects in each group was presented as n (%). 

χ
2
: chi-square statistic, p: significance level. 
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Table 4: Effect of leptin on the association of hypertension and obesity as classified by waist/hip ratio (WHR) 

 Leptin ˃ 11 Leptin ˂ 11 

Large WHR (18) Normal WHR (8) Large WHR (37) Normal WHR 

(17) 

Hypertensive (40) 11 (91.7%) 1 (8.3%) 23 (82.1%) 5 (17.9%) 

Normotensive (40) 7 (50.0%) 7 (50.0%) 14 (53.8%) 12 (46.2%) 

 χ
2
=5.00, p=0.04* 

OR=3.94, CI=1.145-13.58 

χ2=5.27, p=0.036* 

OR=11.00, CI=1.103-109.67 

The frequency of subjects in each group was presented as n (%). 

CI: 95% confidence interval, OR: odds ratio, p: significance level, χ
2
: chi-square statistic, 

*: significant difference. 
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