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Abstract
Background: Leptin is an important adipokine hormone
released from adipose tissue which is associated with
obesity and diabetes in different populations.

Objective: To investigate the serum leptin concentrations
for its correlation with diabetes, obesity and gender in a
small population from Faisalabad, Pakistan.

Methods: From our sample collection of more than 500
subjects for metabolic disorders research, we have carefully
selected 80 subjects for the present case-control
comparison study. These subjects were grouped on the
basis of diabetes, obesity and gender status. Equal number
of subjects was taken for each comparison group to
minimize the effects of confounding factors. For diabetes,
these eighty subjects were divided into two groups (n=40
non-diabetic and n=40 type 2 diabetics). While considering
obesity, these eighty subject were divided on the basis of
their Body Mass Index (n=40 non-obese and n=40 obese).
For gender based analysis, the groups based on diabetes
and obesity were made (n=20 in each sub-group) and
further analyzed while keeping n=10 males and n=10
females in each sub-group. Serum leptin and biochemical
analytes were measured for all subjects and data were
analyzed by SPSS 18.0 software.

Results: Leptin levels were found significantly low in non-
obese as compared to obese subjects (Mean ± SD: 5.2 ± 2.0
vs. 7.1 ± 2.1 ng/ml, p<0.001). No significant difference was
found for non-diabetics and diabetics (6.4 ± 2.4 vs. 5.9 ± 2.2
ng/ml, p=0.35). Gender dimorphism showed significant
differences for leptin (p<0.0001). Spearman’s analysis
showed strong correlation between leptin and obesity
(r=0.43, p=0.0001), gender (r=0.24, p=0.02) irrespective of
obesity or diabetes.

Conclusion: The leptin levels were high in obese and female
subjects.

Keywords: Leptin; Type 2 diabetes; Obesity; Gender;
Faisalabad; Pakistan 

Introduction
Leptin is a protein hormone derived from adipose tissue and

encoded by LEP gene with a chromosomal location at 7q32.1
having 167 amino acids [1,2]. The expression of leptin in
adipocytes and its plasma concentration are both positively
correlated with adiposity [3]. It is the main regulator of the
balance between food intake and energy expenditure through
communication with central nervous system [4,5]. Leptin levels
drop in fasting or starvation state while increase following re-
feeding. Leptin levels are directly correlated with fat mass and
are elevated in obese patients, who are leptin resistant [6]. Due
to defect in either secretion of leptin or abnormal leptin there is
leptin deficiency which is a hallmark of certain rare cases of
obesity. Leptin deficiency or resistance can result in profound
obesity and diabetes. Leptin-deficient mice and humans are
severely obese and have several metabolic and endocrine
alterations, such as hyperglycemia, insulin resistance,
hypertriglyceridemia, and central hypothyroidism [7]. If the
defect is on leptin receptors in the brain or in the downstream
signaling pathways, which are the target sites for leptin action; it
would not exert its effects and will be unable to regulate food
intake and energy homeostasis. In this situation, brain is
irresponsive for the intake of food and energy, thus elicits a
response to the body for more food intake, which can cause
weight gain and obesity. Since obesity is a major risk factor for
type 2 diabetes mellitus (T2D), the increase in adipose tissue
may lead to diabetes. Obesity or increase in fat mass also alters
the level of adipokines like leptin, adiponectin etc. which are
released by the adipose tissue, thus it is suggested that such
altered level of adipokines are involved in the pathogenesis of
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obesity associated diabetes. Leptin level increases in obesity and
its correlation with body mass index (BMI) and glucose levels
has already been reported in different populations [8-11]. As we
already had reported blood levels of adiponectin in a small
population from Faisalabad, Pakistan [12] there is no such data
for leptin levels for this population. So, our aim for this study
was to correlate the levels of leptin with obesity, diabetes and
gender status in this population and it will be the first report
from Faisalabad, Pakistan.

Materials and Methods

Study subjects
Study design is already reported for another hormone

adiponectin in our previous study [12]. Brief description is given
here. A set of 80 subjects was selected from more than 500
subjects depending who fulfilled the study criteria. The objective
of this small case-control study was to investigate the serum
concentrations of leptin and its correlation with certain
biochemical parameters. These subjects were subdivided in four
groups on the basis of diabetes status and obesity. Study design
and subject groups are illustrated in Figure 1. The age of
participants was ≥ 40 yrs and the samples were collected from
both non-diabetic (n=40) and confirmed type 2 diabetics (n=40)
according to World Health Organization [13] criteria from April
to December 2012. All the subjects were in fasting state at the
time of sampling.

Anthropometric measurements (body weight, height) were
taken for the calculation of body mass index (BMI in kg/m2).
Weight and height were measured while participants were
wearing light clothes and no shoes. Study subjects were divided
in two categories i.e. obese and non-obese on the basis of BMI
values. BMI value for non-obese were less than 24.9 kg/m2 while
for the obese, it was more than 30 kg/m2 as per American
Diabetes Association criteria.

Data collection
Sampling camps were arranged for collection of blood

samples from study subjects. A consent letter was signed by
each subject prior to take sample. Basic and clinical information
was filled in our study questionnaire forms for each subject.
Body weight and height was taken at the time of sampling.
Blood sample was drawn from each subject in the fasting state
of at least 10 h. Blood was taken in gel-coated vacutainers, then

centrifuged to separate serum and was stored at -20°C till
further analysis.

Leptin level measurement
Leptin was measured by sandwich based ELISA kit (BioVendor,

Germany). The ELISA plates were read on ELISA plate reader
from Diamate.

Serum biochemical analysis
Serum biochemical parameters like fasting glucose level,

cholesterol, and triglycerides were estimated with a semi-
automated clinical chemistry analyzer Microlab 300.

Statistical analysis
SPSS 18.0 software was used to analyze data. All data was

represented as mean ± SD or median (interquartile ranges). For
comparison of means, t-test was used to find any statistical
significance. Spearman’s correlation analysis was used to see the
association of leptin levels with certain anthropometric and
biochemical parameters. Statistical significance was taken if p
value was less than 0.05.

Results

Subjects characteristics
A total of 80 subjects were included in this study and grouped

on the basis of obesity, diabetes and gender status (Figure 1).
The baseline characteristics for these groups are shown in Table
1.

Figure 1 Schematic presentation of study subjects.

Table 1 Baseline characteristics of study subjects on the basis of diabetes, obesity and gender.

Biochemical/Clinical
Parameters

Type 2 Diabetes status Obesity status Gender status

Non-
diabetics
(n=40)

Diabetics
(n=40)

P-value Non-
obese
(n=40)

Obese
(n=40)

P-value Males
(n=40)

Females
(n=40)

P-value

BMI (kg/m2) 27.5 ± 5.0 27.9 ± 5.1 0.71 23.9 ±
3.7

31.5 ±
4.0

<0.0001 26.5 ±
4.1

28.8 ± 5.6 0.04
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FG (mmol/l) 4.9 (4.6-5.6) 10.5
(8.0-13.8)

<0.0001 5.9
(4.8-11.2
)

6.4
(4.9-8.3)

0.59 8.9
(6.4-12.1
)

6.3
(12.4-4.9)

0.25

TC (mmol/l) 4.4 (4.0-5.6) 4.8 (4.2-5.5) 0.44 4.6
(3.9-5.3)

4.8
(4.2-5.9)

0.31 4.3
(3.9-5.7)

4.7
(4.2-5.6)

0.69

TG (mmol/l) 1.2 (0.9-2.0) 1.7 (1.3-2.5) 0.005 1.6
(0.9-2.2)

1.4
(1.1-2.4)

0.97 1.6
(1.1-2.4)

1.4
(1.9-1.0)

0.52

Leptin (ng/ml) 6.3 (4.1-8.5) 5.4 (7.7-4.3) 0.35 4.7
(3.5-6.4)

7.7
(5.2-9.2)

<0.001 4.4
(3.3-5.5)

8.3
(6.1-9.2)

<0.0001

Data are given as the mean ± SD for BMI or as the median (interquartile range) for FG, TC, TG and leptin. The P-values were calculated using student’s t-test for
continuous variables. BMI: body mass index; FG: fasting glucose; TC: total cholesterol; TG: triglycerides.

Comparison of study groups on the basis of
diabetes, obesity and gender

Initial comparison was made on the basis of diabetes, obesity
and gender (Table 1). Firstly, study subjects (n=80) were divided
on the basis of diabetes irrespective of obesity and gender
status (n=40 non-diabetic and n=40 type 2 diabetics) and
analyzed for anthropometric, biochemical parameters and leptin
levels. Secondly, the same parameters were analyzed after
dividing the subjects on the basis of obesity without diabetes
and gender status (n=40 non-obese and n=40 obese). Finally, the

comparison was done on basis of gender (n=40 males and n=40
females).

Non-diabetic vs. Diabetics: The average age of non-diabetic
and diabetics (mean years ± SD) was 48 ± 7 and 53 ± 6
respectively. Glucose levels and triglycerides levels showed
significant differences when non-diabetic were compared with
type 2 diabetics (Table 1): Glucose=55.4%↑,
Triglycerides=33%↑ in the diabetics. However, leptin did not
show any significant difference.

Table 2 Spearman's correlation of leptin with anthropometric, biochemical parameters, diabetes, obesity and gender.

 Age Gender BMI Glucos
e

Cholestero
l

Triglyceride
s Leptin Diabete

s

Obesity
and
diabete
s

Obesit
y

Gender
(Obesity
and
diabetes
)

Age 1 -0.012 -0.141 0.223* 0.051 0.107 -0.131 0.330** 0.21 -0.191 0.202

Gender  1 0.159 0.08 0.097 -0.143 0.657** 0 0 0 0.218

BMI   1 0.078 0.156 0.04 0.633** 0.054 0.435** 0.866** 0.460**

Glucose    1 0.18 0.366** -0.078 0.824** 0.741** 0.01 0.741**

Cholesterol     1 0.349** 0.088 0.106 0.151 0.126 0.169

Triglycerides      1 -0.164 0.333** 0.317** 0.043 0.278*

Leptin       1 -0.095 0.108 0.431** 0.248*

Diabetes        1 0.894** 0 0.873**

Obesity and diabetes         1 0.447** 0.976**

Obesity          1 0.436**

Gender (Obesity and
diabetes)           1

Non-obese vs. Obese subjects: The average age of non-obese
and obese (mean years ± SD) was 52 ± 6 and 48 ± 7 respectively.
Obese and non-obese subjects were significantly different in
terms of BMI and leptin levels (Table 1): BMI=31.6%↑,
Leptin=37%↑ in the obese. Correlation analysis (Table 2)
showed a strong association between BMI and leptin levels
(r=0.42, p=0.0001).

Males vs. Females: The average age of males and females
(mean years ± SD) was 51 ± 6 and 51 ± 7 respectively. This

comparison showed significant difference in terms of BMI and
leptin levels when males were compared to females (Table 1):
BMI=8.6%↑, Leptin=64.4%↑. Correlation analysis (Table 2)
showed a strong association between BMI and gender (r=0.24,
p=0.02).

Comparison on the basis of diabetes and obesity
Effect of diabetes on obesity: Non-diabetics (non-obese vs.

obese subjects) were compared and significant differences were
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observed for BMI, cholesterol and leptin levels. Total
cholesterol=18%↑, BMI=24%↑ and Leptin=26%↑ in non-
diabetic obese group. When diabetics (non-obese vs. obese
subjects) were compared, the significant difference was
observed for BMI and leptin levels. BMI=24%↑, Leptin=52%↑ in
diabetic obese group (Table 1).

Effect of obesity on diabetes: Non-obese (non-diabetics vs.
diabetics) showed significant difference in glucose levels,
cholesterol levels and triglycerides. No significant difference for
leptin levels was observed. When obese (non-diabetics vs.
diabetics) were compared only glucose levels showed significant
difference (Table 1).

Gender based comparison on the basis of diabetes
and obesity

Leptin and gender dimorphism: non-diabetics (non-obese
and obese): Comparison between non-obese, non-diabetic
(males vs. females) showed significant gender dimorphism for
leptin levels as leptin levels were high up to 97% in female
subjects. This shows leptin levels are higher in healthy females
relative to healthy males. However, when obese but non-
diabetic (males vs. females) were compared, the leptin levels
were 63% high in females as compared to males (Table 1). This
reflects that the obese females without diabetes leptin levels
were lower as compare to non-obese females but still showed
gender dimorphism.

Leptin and gender dimorphism: diabetics (non-obese and
obese): In comparison of non-obese diabetic (males vs. females)
leptin levels showed 42% higher levels in females while in
comparison of obese diabetic (males vs. female) comparison,
the leptin levels in females were 58% higher (Table 1).  

Discussion
This is the first report of leptin and its correlation with

diabetes and obesity from Faisalabad, Punjab, Pakistan. Leptin is
a hormone secreted by adipose tissue and has an established
role in maintaining balance between food intake and energy
expenditure through its communication with central nervous
system. In case of deficiency of leptin or leptin resistance in the
body, the normal physiological functions of body get disturbed.
Main outcome of leptin deficiency or resistance is obesity which
further leads to many complications involving insulin resistance
and type 2 diabetes mellitus. The present study was conducted
with an aim to identify serum leptin levels in a representative
population from Faisalabad, Punjab, Pakistan and to correlate
these levels with certain anthropometric and biochemical
parameters i.e. body mass index (BMI), serum glucose level, and
serum lipid profile (cholesterol and triglyceride).

Leptin and BMI correlation is studied extensively in several
populations with a major result of positive correlation between
these two parameters [10,14,15]. Although there are few
reports on leptin levels published from Pakistan but not for the
Faisalabad region and present report is the first to show the
leptin levels from subjects of this particular region. One of these
reports indicated lower levels of serum leptin in obese subjects

with type 2 diabetes [16] which is contradictory to our results in
which leptin levels are high in obese subjects irrespective of the
diabetes status. The reason for low levels of leptin may be a
result of insulin deficiency (insulin is a major stimulator of leptin
hence lower leptin lower insulin can be inferred) or altered fat
distribution (diabetics have low subcutaneous fat and more
visceral fat due to which the secretion of leptin changes as leptin
is secreted more by subcutaneous fat thus affecting the overall
serum leptin level). Gender based analysis in this report showed
higher levels of leptin in female [16].

Another report from Pakistan showed strong association
between leptin levels and body mass index. Increased levels of
serum leptin in obese subjects without type 2 diabetes mellitus
were reported. A progressive increase in serum leptin
concentration was observed with an increase in BMI. These
results are in agreement with our results. Hence leptin
concentration is directly proportional to total adiposity so this
result can be considered as an expected result. Females showed
higher levels of leptin in this study as well [17].

A case-control study reported significantly higher serum leptin
levels in obese diabetic and non-diabetic subjects as compared
with non-obese diabetic patients and non-diabetic subjects.
Leptin levels were positively correlated with serum insulin and
C-peptide levels. Serum leptin increased with increase in body
mass index. Leptin levels are increased in obesity and may play a
role in development of insulin resistance and type 2 diabetes
mellitus [18].

Leptin levels in different ethnic groups and neighboring
populations are also studied in various reports. Serum leptin
levels were evaluated in a group of non-obese type 2 diabetic
patients from Mumbai, Western India. Results showed serum
leptin levels were positively correlated to body mass index [10].

A report from Turkey showed positive correlation between
leptin and BMI, lower leptin levels in obese women with
diabetes than without diabetes and additionally it is even lower
in the poorly controlled diabetes subgroup [11].

In a gender specific meta-analysis study from China higher
leptin levels were found to be associated with elevated risk of
type 2 diabetes in men but not in women 9 but in our
population no association between leptin and diabetes was
observed. As obesity, insulin resistance, and aging are closely
associated and adipokines seem to have a crucial role in their
pathophysiology. A study from Portugal reported close link
between leptin levels with obesity and length of diabetes [19].

Association among obesity, leptin and insulin resistance in
type 2 diabetes mellitus was studied in an Indian population in
which leptin and insulin resistance showed no correlation. Study
concluded that, obesity mainly of central or abdominal type
might be responsible for the insulin resistance in type 2 diabetes
mellitus whereas leptin, a potential marker for obesity was
probably not involved. This perhaps points towards the
multifactorial causation of insulin resistance in type 2 diabetes
mellitus [8].

A study in China showed no independent association between
leptin and either diabetes or impaired fasting glucose (IFG)
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hence, leptin does not independently predict the risk of diabetes
and IFG in older Chinese adults [15].

Yet, another study aimed to determinate both the oxidative
stress and the concentration of leptin in obese, overweight and
normal weight type 2 diabetes mellitus patients to seek possible
association between oxidative stress and leptin levels. Positive
correlation between oxidative stress status parameters and
leptin in obese patients was observed which suggests that
increased oxidative stress and increased leptin levels, both
consequences of obesity, may play a role in type 2 diabetes
mellitus development [20].

The present study has few limitations. Firstly, it is a onetime
sampling study which does not show any effect of any
medication or any effect with the time changes in individuals.
Secondly, the sample size is small to predict any valid conclusion
for a large set of population. Thirdly, we did not measure the fat
distribution of our study subjects which can be correlated with
the levels of leptin. Finally, we do not have data for diabetes
duration which can be used to see the association between
leptin, obesity and diabetes duration if any.

Conclusion
Our results from a representative group from Punjabi

population of Faisalabad, Pakistan are consistent with the results
in other neighboring populations. The level of serum leptin
increased up to 37% with obesity. No association between
glucose and leptin levels were observed. Significant gender
dimorphism for leptin levels was found in our study population
as 64.4% increase in female subjects was observed. These
results need to be replicated in large set of Pakistani population
both in diabetics and subjects with impaired glucose tolerance.
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