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Abstract

Background: Obesity has become a worldwide concern. Elevated serum leptin has been implicated in obesity
in some populations. There is paucity of information on leptin and obesity in Nigeria. This study was designed to
evaluate serum leptin, lipids and lipoproteins levels in relationship to anthropometric indices in obese Nigerians.

Methods: Two hundred and seventeen subjects consisting of 154 obese age 44.55 + 8.81 years and 63 ideal
body weight and age matched controls were recruited. The obese group consisted of 120 females and 34 males
while the controls were 32 females and 31 males. Anthropometric indices, serum leptin, lipids and lipoproteins were
determined using standard procedures.

Results: Results showed significant increases in serum leptin (p<0.001), plasma triglyceride (TG) (p<0.01) and
LDLC: HDLC ratio (p<0.05) when compared with the control values. A significant decreased was obtained in plasma
HDLC (p<0.01) in the obese siubjects. The obese females had a higher serum leptin than obese males. There were
significant increases in the body weight, waist circumference (WC) and hip circumference (HC), BMI and %body
fat (%BF) (p<0.001) as well as waist: hip ratio (WHR) (p<0.05) when compared with the control values. Leptin was
significantly correlated with WC, HC, BMI, WHR and %BF.

Conclusion: Elevated serum leptin in obese Nigerians with increased plasma TG and decreased HDLC was
significantly correlated with anthropometric indices, indications for metabolic syndrome and other chronic diseases.
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Introduction

Obesity has become a worldwide concern because of its association
with higher rates of chronic medical conditions such as metabolic
syndrome, CVD and type 2 diabetes and worse physical health-related
quality of life [1]. The rising epidemic reflects the profound changes in
society and in behavioural patterns of communities over recent decades
[1]. At an individual level, obesity results from energy imbalance-too
many calories in, too few calories burned. But the food and physical
activity choices that individuals make are shaped by the world in which
they live. Due to globalization, the world is getting wealthier, and wealth
and weight are linked [2,3]. Poor city-dwellers may now have enough
money to pick up “modern habits associated with obesity” [4]-watching
television, buying processed foods at supermarkets and eating more
food away from home.

As countries start to move up the income scale, obesity rates climb
too. World Health Organization gave an estimated 300 million people
as clinically obese worldwide [5] and this has become an increasing
challenge throughout the world including the developing country. In
Nigeria modern habits associated with obesity are on the rise, the few
available studies on obesity have put the prevalence rate at 4-5% [6,7].

Report from the Framingham study showed an increased incidence
of cardiovascular events with increasing weight in both men and women
[8]. Body weight and mortality were directly related in the Harvard
Alumni Health Study [9] and weight gain was reported as a significant
risk factor for the development of diabetes mellitus in women.

Leptin, a product of Ob gene, made up of highly conserved
167-amino-acid sequences and secreted by adipose tissue, is thought to
act as lipostat, and is considered to play an important role in appetite
control, fat metabolism, and regulation of body weight. As the amount
of fat stored in adipocytes rises, leptin is released into the blood and
signals to the brain that the body has had enough to eat. The amount of
stored energy (fat mass) results from a complex interplay of biological
factors responding to variations in energy intake and expenditure that
depend on behaviour and environmental conditions. Leptin plays a key

role in this homeostasis. It plays a crucial role in the regulation of body
weight by inhibiting food intake and stimulating energy expenditure
[10]. Studies from different populations have demonstrated changes in
serum leptin concentrations in human obesity in proportion to the
degree of adiposity [1,12]. Report from a study on mice showed that
serum triglycerides play a key role in the transport of leptin [13]. Because
serum triglycerides are elevated in obses subjects, postulates have been
formed that link triglycerides with inhibited leptin transport [13].

An earlier study [14] has indicated that obesity was mainly
associated with the industrialized nations. Little or no available study in
Nigeria has indicated any relationship between serum leptin and obese
individuals. Report has also shown that serum leptin varies between
populations [15]. The exact mechanisms that underlie population
variation independent of adiposity remain unclear, however genetic
differences between populations, chronic environmental influences
such as maternal/fetal or childhood nutritional status, and acute lifestyle
differences such as diet and physical activity may be contributory [15].
The relationship between obesity and income in men varies by race and
ethnicity, and the prevalence is thought to decrease as income reduces
[16].

This study was designed to evaluate serum leptin, lipids, and
lipoproteins in relation to body compositions in obese subjects at
different socioeconomic status.
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Materials and Methods

Two hundred and seventeen (217) free living adults 18-60 years
were selected for this study. It comprised of 154 obese subjects (120
females and 34 males). Seventy nine females and thirty one males
(50.7%) were in obese class I, thirty females and two males (44.2%)
were in obese class II while obese class III has ten females and one
male (5.1%). Sixty three (63) ideal body weight subjects with BMI 17.5
- 25kg/m?* were included as controls. All participants were apparently
healthy urban city dwellers.

Data from the completed questionnaire administered by one of us,
indicating the educational level, occupation, income (earning) and living
conditions such as ownership of material goods were used as a measure
of socio-economic status to classify the subjects into low income (petty
traders, farmers, artisans, cleaners and junior staff in public offices with
primary/secondary education), middle income (workers in the senior
level cadre with university or polytechnics/higher education) and high
income (executive business class, captains of industries and directors of
institutions) groups respectively as adopted in earlier study [17] in this
community. A written/oral informed consent was obtained from each
participant.

Pregnant women, subjects on lithium and corticosteroid drugs and
lipid lowering drugs were excluded from the study. Ethical approval was
obtained from thelnstitutional Ethical Committee.

Anthropometric measurement

The weight in kilograms, percentage body fat (%BF) and BMI in kg/
m? of all subjects were determined using the body fat monitor machine
(bioelectric impedance) (BF-400) manufactured by Omron Healthcare,
United Kingdom.

Height was taken with the subjects in a standing position, without
footwear with a graduated measuring rod. This height was measured to
an accuracy of 0.1 centimetres. The height in centimetres, age in years
and sex of each subject were fed into the BF-400 scale. The subjects
were then asked to stand on the scale after calibration. The body weight,
BMI and percentage body fat were displayed on the scale and these were
recorded. All readings were taken in the morning after wake (between
8-10am) before breakfast as recommended by the manufacturer
(Omron Healthcare, United Kingdom).

Waist circumference was taken with non-stretchable tape rule
at the minimum circumference between the coastal margins and the
iliac crest, measured in the horizontal plane with subject standing.
Hip circumference was taken with non-stretchable tape rule at the
maximum circumference in the horizontal plane measured over the
buttocks.

Blood sample collection

Blood samples were collected after overnight fast (8-12hours).
The blood was dispensed into fluoride oxalate for glucose estimation,
Potassium-Ethylene-Diamine Tetracetic Acid (KEDTA) for lipids and
lipoproteins and plain bottles for leptin analysis. The blood collected
into plain bottles was allowed to clot and retract. All samples were
centrifuged at 2,500 rpm for 5 minutes and the plasma or serum was
collected into screw capped bottles and kept frozen at -20°C until
assayed.

Methods
Leptin analysis

The Diagnostic Automation Incorporation (DAI), leptin enzyme
immunoassay kit was used.

The DAI leptin kit is a solid phase enzyme - linked immunosorbent
assay (ELISA) based on the sandwich principle. The micro-titer wells
were coated with a monoclonal antibody directed towards a unique
antigenic site on a leptin molecule. An aliquot of subject’s sample
containing endogenous leptin was incubated in the coated well with a
specific rabbit anti-leptin antibody. A sandwich complex was formed.
After incubation the unbound material was washed off and an anti-
rabbit peroxidase conjugate was added for detection of the bound
leptin. The intensity of colour developed was proportional to the
concentration of leptin in the sample.

Reagents for determination of plasma total cholesterol (TC) were
obtained from Quimica Clinica Aplicada S.A. (QCA) in Spain. It was
based on the method of Allain et al. [18].

Plasma triglyceride was estimated using glycerol-phosphate
oxidase method McGowan et al. [19] obtained from QCA in Spain.

Dextran-sulphate-Mg II precipitant reagent obtained from QCA
in Spain was used to precipitate low density lipoprotein cholesterol
(LDLC) and very low density lipoprotein cholesterol (VLDLC) from
the plasma by the action of a polysaccharide in the presence of divalent
cations (magnesium ions). HDLC present in the supernatant was
determined using the cholesterol oxidase — peroxidase method (18).
LDLC was calculated using Friedwald et al. formula [20].

Plasma glucose was determined using glucose oxidase (GOD),
Peroxidase (POD reagent [21] manufactured by Randox Laboratories
in the United Kingdom. Accuracy and precision of biochemical tests
were monitored by including commercial quality control samples
within each batch of test assay.

Statistical analysis

All results were subjected to statistical analysis using the SPSS
software package (2001) version. The difference between means was
assessed using Sstudent’s t-test. Analysis of variance (ANOVA) was
used to determine differences within groups. Pearson correlation
coeflicient was used to determine association between parameters. The
results were expressed as mean + SEM and the difference was regarded
as significant at p<0.05.

Results

Table 1 shows the biophysical parameters of all subjects. There
were significant increases in body weight, waist circumference, hip
circumference, BMI, %BF (p<0.001) as well as WHR (p<0.05) in obese
subjects when compared with the corresponding control values. The
obese subjects were shorter than the control group (p<0.05).

Table 2 shows the biochemical characteristics of obese and control
group. Significant increases were observed in serum leptin (p<0.001),

Variables Obese (n = 154) Non obese (n =63) t-value p-value
Weight (kg) 91.66 + 11.10 66.31+1.10 13.540 p<0.001
Height (cm) 163.75 £ 0.80 166.65 + 1.57 -2.110 p<0.05
WC (cm) 98.65 + .70 79.02 £ 1.15 14.850 p<0.001
HC (cm) 114.51 + .80 94.43 +1.14 14.090 p<0.001
WHR 0.86 + 0.008 0.84 +0.007 2.497 p<0.05
BMI (kg/m?) 34.12+3.54 2423 +7.33 13.853 p<0.001
% Body Fat 42.47 + .63 28.63 + 1.03 11.625 p<0.001

SEM: Standard Error; BMI: Body Mass Index; WHR: Waist to Hip Ratio; WC: Waist
Circumference

HC: Hip Circumference
Table 1: The Biophysical Parameters in all subjects (Means + SEM).
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plasma TG and LDLC: HDLC (p<0.01) in the obese subjects when
compared with the corresponding control values. A significant decrease
was obtained in plasma HDLC level (p<0.01) when compared with
the control value. No significant changes were obtained in the other
parameters.

Table 3 shows serum leptin levels in the different obese groups.
The mean serum leptin levels were higher in all female subjects with
obese class IIT showing the highest mean values. Within group analysis
showed a significant increase in serum leptin levels in the obese female
subjects (p<0.001). Post hoc analysis showed increases in serum leptin
in all obese classes.

Table 4 shows the biochemical parameters in the obese females
and males. The mean plasma triglyceride (p<0.01) was significantly
increased in obese male when compared with the corresponding values
in the obese females while the serum leptin was significantly higher in
the obese females when compared with the corresponding obese male
value (p<0.001).

No significant differences were obtained in the other parameters.

Table 5 shows Pearson correlation coefficient of biophysical
parameters and serum leptin in the obese subjects. Serum leptin was
significant correlated with body weight (r=0.164, p<0.05), height

Variables Obese (n = 154) Controls (n =63) t-value p- value
FPG (mg/dl) 87.71+2.24 82.98 +2.37 1.54 NS
TC (mg/dl) 215.68 £4.35 208 + 6.27 0.795 NS
TG (mg/dl) 102.51 £ 3.35 87.84 +4.35 5.12 p<0.01
HDLC (mg/dl) 41.47 £ 0.99 4753 +1.11 -2.874 p<0.01
LDLC (mg/dl) 152.68 + 4.31 144.81 £ 5.80 1.023 NS
Leptin (ng/ml) 47.07 +£3.18 19.62 +2.94 8.916 p<0.001
HDLC:TC 0.205 + 0.01 0.240 + 0.01 -1.841 NS
LDLC:HDLC 411017 3.18+0.16 2.324 p<0.01

SEM: Standard Error of Mean; NS: Not Significant; FPG: Fasting Plasma Glucose;
HDLC: High Density Lipoprotein Cholesterol; LDLC: Low Density Lipoprotein
Cholesterol; TC: Total Cholesterol; TG: Triglyceride

Table 2: Biochemical Characteristics of the Obese and Controls (Mean + SEM).

Females leptin (ng/ml) Males leptin (ng/ml)

Controls 31.12£4.75 (n = 32) 7.74£1.73 (n = 31)
Obese | 71.36 £3.91 (n = 79) 24.08 +3.89 (n = 31)
Obese I 88.89 % 6.11 (n = 31) 43.60 +27.60 (n = 2)
Obese Il 103.98 £ 5.37 (n = 10) 45.46 (n=1)

SEM: Standard Error of Mean; BMI: Body Mass Index; F-value: 39.186; p<0.001

Table 3: Serum Leptin Levels in the different Obese and Control groups based on
gender (Mean + SE).

Variables Obese Females Obese Males t. value p- value
(n=120) (n=34)

FPG (mg/dl) 88.26 + 2.72 85.79 + 3.32 -0.344 NS
TC (mg/dl) 217.07 +4.88 210.76 £ 9.67 -0.754 NS
TG (mg/dl) 96.93 + 3.44 122.18 + 8.36 2.830 p<0.01
HDLC (mg/dl) 41.86 +1.16 40.09+1.85 -0.738 NS
LDLC (mg/dl) 155.23 + 4.86 143.68 £ 9.31 -1.040 NS
HDLC/TC 0.205 + .01 0.206 + .01 0.105 NS
LDLC/HDLC 415+ .19 3.98 +.36 -0.420 NS
Leptin (ng/ml) 78.61 + 3.191 26.15+4.26 7.79 p <0.001

NS: Not Significant; SEM: Standard Error of Mean; FPG: Fasting Plasma Glucose;
HDLC: High Density Lipoprotein Cholesterol; LDLC: Low Density Lipoprotein
Cholesterol; TC: Total Cholesterol; TG: Triglyceride

Table 4: Biochemical Parameters in Obese Females and Males (Mean % S. E).

Page 3 of 5
Variables r value p-value
Weight vs BMI 0.794** 0.01
weight vs leptin 0.184* 0.05
%BF vs leptin 0.276** 0.01
BMI vs leptin 0.383** 0.01
HC vs leptin 0.483** 0.01
WHR vs leptin -0.347* 0.01

Significant at* p<0.05; **p<0.01
VS= versus

Table 5: Pearson Correlation coefficient of leptin with biophysical parameters.

(r=0.275 p<0.01), %BF (r=0.570, p<0.01), BMI (r=0.383, p<0.05), hip
circumference (r = 0.462, p<0.01) and inversely correlated with WHR
(r=-0.347, p<0.01).

Mean serum leptin level showed graded increases within
the different socioeconomic classes. The WC was significantly higher
in the high income group (p<0.01) whencompared with the low and
middle income groups. (table not shown).

Discussions

Physical activity and a healthy diet play a pivotal role in the
prevention of major chronic diseases vis a vis metabolic syndrome/
CVD. The distribution of obese subjects in the present study showed
a preponderance of females in all the obese classes. The ratio of female
to male obese was 4:1. The hip and waist circumferences as well as
percentage body fat showed progressive increases with increasing
obesity, feeding habits and sedentary lifestyle may have accounted in
part for these changes in our obese subjects. The hip circumference of
the female obese was significantly higher than their male counterparts.
This change could be attributed to gynoid obesity, a condition in
which fats are deposited mainly in the periphery around the hip and
thighs. On the other hand the waist circumference was higher in the
male obese. Available evidence has shown that abdominal or android
obesity is commoner in males than females [21]. Previous studies [22-
24] showed that metabolic complications are increased in males when
waist circumference rises above 102cm as against 94 cm. The %BF of
the obese subjects also increased with increasing BMI.

Serum leptin were significantly raised in all obese subjects, similar
to this present findings are reports from different populations that
demonstrated that serum leptin concentrations are elevated in human
obesity in proportion to the degree of adiposity [25,26]. This increase
in serum leptin was significantly correlated with all the anthropometric
indices (%BF, HC, WC, BMI and WHR) in all obese subjects. These
changes are associated with risk of metabolic syndrome and other
chronic diseases. There was a gender variation in serum leptin level,
with female subjects exhibiting remarkable higher value. Furthermore,
when cofounding factors such as gender and BMI were applied, this
increase in serum leptin persisted in the subjects. These variations
in leptin concentration between male and female subjects could be
related to the distribution of adipose tissue in the two genders as well
as hormonal differences [25]. Again Leptin was remarkably increased
within the obesity classes. This could be related to the fact that leptin
acts as lipostat, as the amount of fat stored in adipocytes rises, leptin is
released into the blood. The finding that serum leptin concentrations
are elevated in obese subjects has led to the assertions that obesity
may in part, be due to resistance action of leptin [27]. The amount of
body fat is the main determinant of this hormone as it directly affects
the metabolism and function of peripheral tissue such as adipocytes.
Leptin expression and secretion have been correlated with body fat and
adipocyte [28]. It could be speculated that the increase in serum leptin
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associated with increases in anthropometric indices are indications
that increased body compositions invariably gives rise to serum leptin
in individuals. This is examplified in obese class IIT where the highest
mean value of serum leptin was obtained.

There were gender variations in the plasma triglyceride and
serum leptin levels. The obese males tended to possess higher plasma
triglyceride while the obese females exhibited higher serum leptin.
Various studies from different populations have reported increased
plasma TG in males [29,30]. Earlier study [30] has shown that
hypertriglyceridemia could impaired transport of leptin across the
blood brain barrier in obesity. Thus suggesting that as the serum TG
increases, leptin transport may decrease across the blood brain barrier
[29].

The Artherogenic indices measured in this study were increased
with increasing obesity, thus indicating that even though the obese
appear to be apparently healthy, the likelihood of metabolic syndrome
chronic diseases/CVD is apparently. The decreased plasma HDLC,
increased TG, raised LDLC/ HDLC in the obese subjects are also
indicators of metabolic syndrome and relative risks of premature CVD
[29]. Previous study by Goldbount et al. [31] showed that for every
1mg/dl decrease in plasma HDLC, the risk of developing CVD is
increased by 2.5%.

The waist circumference increases as the socioeconomic class rises,
with the high income group exhibiting the highest mean value. Previous
report suggested that in low-income countries, wealthier, well-educated
people are more likely to be overweight than people who have lower
incomes or less schooling [32].

It can be infered from this result that wealthier and more educated
who have enough money to pick up “morden food” could be more at risk
of chronic diseases associated with obesity.

Serum leptin levels in a large group of obese subjects were correlated
with increases in anthropometric indices, thus suggesting that obesity
could be a cause of raised serum leptin.

Conclusion

This study has shown that elevated serum leptin was correlated
with anthropometric indicesin a large group of obese Nigerians. These
increases are possible risks for metabolic syndrome and other chronic
diseases.
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