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Abstract
Type 2 diabetes mellitus ( T2DM ) is a metabolic disease that is

associated with an increased risk for atherosclerosis. Leptin is a hormone — like
cytokine that is derived mainly from adipose tissue and has multiple functions.
Recently, many vascular and atherogenic effects for leptin have been
demonstrated. The aim was to study serum leptin level and its relationship with
some cardiovascular risk factors in T2DM patients.
Forty diabetic males with ischemic heart disease (IHD group), aged > 40 years
old, were compared with 40 diabetic males of similar ages who had no clinical
history of IHD (DM group). Each main study group was divided into two
subgroups according to the presence or absence of metabolic syndrome. The IHD
group was also subdivided according to their clinical endpoints into stable angina
pectoris (angina group), significant coronary artery disease on angiography
(angiography group ) and myocardial infarction (MI group ).
In addition to anthropometric measurements; serum lipid profile, thiobarbituric
acid -reactive substances (TBARS) and leptin levels as well as plasma fibrinogen
level were quantified .

A highly significant increase of mean serum leptin level was observed in IHD
group in comparison with that of DM group (11.56 + 10.27 vs. 7.39 + 3.54 ng /
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ml, p<0.01). IHD patients showed a highly significant increase in serum level of
TBARS in comparison with that of DM group (9.00 + 3.61vs. 6.65 + 2.41 umol
(MDA)/L, P<0.001). The mean plasma level of fibrinogen is significantly higher
in IHD group than in DM group (3.30 + 0.65 vs. 2.99 + 0.63 g/dl, p < 0.05).

Serum leptin level was significantly higher in (angiography group) but not in
(angina group) while the level was even lower in (Ml group) when compared with
that of DM group. A significant increase of mean serum leptin level was observed
in IHD subgroup with non-metabolic syndrome in comparison with the D.M
subgroup with non-metabolic syndrome (13.06 + 11.01 vs. 7.06 + 3.08 ng/ml,
P<0.05). In IHD group, serum leptin level showed a positive correlation with BMI
\W/h ratio, serum TBARS, and plasma fibrinogen. In DM group, serum leptin
level showed a positive correlation with BMI, W/h ratio, and plasma fibrinogen,
while insignificantly correlated with TBARS.

In conclusion, T2DM patients with IHD have an elevated serum leptin level that is
associated with oxidative stress, inflammation and active or worsening ischemic
heart disease independent of metabolic syndrome. Thus, serum leptin level could
be an additional factor to assess cardiovascular risk

'Key words :Diabetes, Leptin, Cardiovascular Risk, Oxidative stress, inflammation

Introduction

Type 2 diabetes mellitus (T2DM) is by far the most prevalent endocrine or
metabolic disease in the world”. Adults with diabetes have a two- to fourfold
higher risk of cardiovascular disease (CVD) compared with those without
diabetes'®. Ischemic heart disease (IHD) is the most common among CVD and is
usually due to atherosclerosis of the coronary arteries. Its risk increases with age,
smoking, hypercholesterolemia, hypertension, and diabetes, and is more common
in men and those who have close relatives with IHD®.
Inflammation is thought to play an important role in the pathogenesis of
atherosclerosis®.
A chronic low-grade inflammatory state is associated with the presence of obesity
and insulin resistance syndrome®. This is reflected by enhanced production of
proinflammatory cytokines by the greater adipose tissue mass associated with
obesity and insulin resistance syndrome®. The so called oxidation hypothesis
states that the oxidative modification of low density lipoprotein is important in the
pathogenesis of the atherosclerotic lesion‘”.
Metabolic syndrome (MetS) is a constellation of interrelated risk factors of
metabolic origin that appear to be directly associated with an elevated risk of type 2
diabetes and cardiovascular disease $CVD)(8). A prominent feature of the MetS and
then of T2DM is central obesity®®.The risk for major cardiovascular events
resulting from the presence of the MetS is approximately twice as high as for those
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without the syndrome®®, and risk for T2DM is approximately five fold greater in
those who have it™. T2DM, although accompanied by increased risk for CVD, has
been reported to carry much more risk for CVD when the MetS is concomitantly
present 9.

Adipose tissue is a source of a range of adipocyte-secreted factors involved in
diverse biological functions and are collectively referred to as adipokines or
adipocytokines, some important members of which are leptin and adiponectin®?.
Leptin is a non-glycosylated peptide or a hormone — like cytokine and is a
member of the interleukin-6 (IL-6) cytokine family™®. Although the main role of
leptin is as an adipostat ( promotes weight loss or thinning), many studies have
shown that leptin has a broad range of effects in different tissues™ . A potential
role for leptin in vascular physiology /pathophysiology is suggested by studies that
have demonstrated that leptin leads to sympathoactivation™ and promotes both
thrombosis and atherosclerosis in vitro"”. Moreover, leptin receptor has been
expressed in atherosclerotic lesions™® and it has been reported that leptin promotes
angiogenesis™® which is a feature of atherosclerotic plague progression and
destabilization®?,

Our aim is to study the relationship between serum leptin level and some
cardiovascular risk factors in type 2 diabetic patients having ischemic heart disease.

Materials and methods

Settings: This study was conducted at department of medical biochemistry,
college of medicine and the National diabetes center -University of Al-
Mustnasiriya and lIbn-Albeetar hospital for heart diseases-Baghdad-Irag, from
November 2007 to July 2008. Eighty subjects who have type 2 diabetes were
enrolled in the study : 40 diabetic males (DM group) and 40 diabetic males with
ischemic heart disease ( IHD group).

The age of a patient in the study groups should be > 40 years. Subjects with a
concurrent acute illness or with a major liver, thyroid or other endocrine diseases
were excluded. The following clinical characteristics were reported:

1- Weight and height in order to calculate body mass index (BMI)
2- Waist: hip ratio

3- Blood pressure measurement or a history of hypertension.
4- Smoking status.



5-The presence of ischemic heart disease in a first degree relative under the age of
60 years was taken as an evidence of having family history of CHD.

6- Duration of diabetes.
The presence of ischemic heart disease was defined as:

1. Having classical angina pectoris by clinical diagnosis as well as typical
electrocardiogram (ECG).Such patients were assigned as (angina group).

2. The presence of a significant coronary artery disease in diagnostic angiography
or in case of doing of coronary intervention such as percutaneous transluminal
coronary angioplasty (PTCA), or coronary artery bypass graft surgery (CABG)
since more than three months. Such patients were assigned as (angiography
group). Patients in this group were complaining of worsening angina pectoris
or coronary insufficiency.

3. Past history of myocardial infarction. More than three months have elapsed
since the onset of the disease. Such patients were assigned as myocardial
infarction group(MI group).

Each main study group was divided into two subgroups according to the presence
or absence of metabolic syndrome.

Characteristics of metabolic syndrome:

1- Hypertension: Blood pressure measurement higher than 140/90 or the
presence of hypertension on treatment was reported as hypertensive ¢V

2- Obesity: BMI > 30 was considered as obese ?V

3- Serum triglycerides level (TG): TG level >150 mg/dl was considered

abnormal %

4- Serum high density lipoprotein-cholesterol (HDL-C): HDL-C level <40 mg/dI
in males was considered abnormal 2

Biochemical analyses:

Serum samples were used for fasting blood glucose and lipid profile. Whole
blood specimens that were collected in EDTA tubes were used for fibrinogen
measurement . These biochemical analyses were performed on the same day of the
visit of a patient. For measurement of leptin and TBARS, serum was divided into
aliquots and stored at —20 C° until analysis.

Methodology:

Lipid profile: Serum total cholesterol (TC) and serum triglycerides (TG) were
determined by totally enzymatic methods®*#*. Estimation of serum high-density
lipoprotein cholesterol (HDL-C) was done by precipitation with phosphotungstate-
MgCI, solution followed by enzymatic determination of cholesterol in the
supernatant .
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Serum leptin: This was measured using DRG Leptin ELISA Kit (DRG
Instruments GmbH, Germany) which is a solid phase enzyme-linked
immunosorbent assay (ELISA) based on the sandwich principle. According to this
method: Normal mean value for male =3.84+1.79 ng/ml. Normal value for
female = 7.36 £ 3.73 ng/ml.

Plasma thiobarbituric acid-reactive substances (TBARS): were measured
spectrophotometrically ©°.

Plasma fibrinogen: was determined by the heat precipitation method ©" %%,

Statistical analysis:

Data were presented in simple statistical measures of number, percentage,
mean and standard deviation. Statistical analysis was done by using Student's t-
test for the significance of difference of quantitative data between two means.
Simple linear correlation was used for determination of correlation between two
quantitative parameters for the different groups. A probability value (p<0.05)
was considered to be statistically significant.

Results
There were no significant differences between DM group and IHD group in

the mean values of age, body mass index, w/h ratio, and duration of DM (table 1).
More patients in IHD group had hypertension, were smokers, and had family
history of IHD than in DM group. However, the differences were statistically not
significant.

The mean serum levels of TC, TG, and HDL-C were compared between DM
group and IHD group (table 2), the differences were statistically non significant.

A highly significant increase of mean serum leptin level was observed in IHD
group in comparison with DM group (11.56 + 10.27 vs. 7.39 + 3.54 ng/ml, p <
0.01), (table 3) . IHD patients showed a highly significant increase in mean serum
level of TBARS in comparison with that of DM group (9.00 + 3.61 vs. 6.65 + 2.41
umol (MDA)/L, P < 0.001). Also the mean plasma level of fibrinogen was
significantly higher in IHD group than in DM group (3.30 + 0.65 vs. 2.99 + 0.63
g/dl, p < 0.05).

When IHD patients were classified according to their clinical endpoints, the mean
serum leptin level in (angiography patients) showed a highly significant increase
while (angina patients) showed no significant difference from that of DM group
(table 4). In myocardial infarction patients, there was a significant decrease of the
mean serum leptin level in comparison with DM group (5.61 + 1.09 vs. 7.39 +
3.54, p<0.05). The mean serum level of TBARS in (angina patients) as well as in
angiography patients showed a highly significant increase compared to that of
DM group .On the other hand, there was a highly significant increase of plasma
fibrinogen only in myocardial infarction patients compared with DM group (table
4).



Each main study group was then divided into two subgroups according to the

presence or absence of metabolic syndrome. On intergroup comparison , a
significant increase of mean serum leptin level was observed in IHD group with
non-metabolic syndrome in comparison with the mean serum leptin level of DM
group with non-metabolic syndrome ( 13.06 + 11.01 vs. 7.06 + 3.08, P< 0.05)
(table 5). The mean serum leptin level in IHD group with metabolic syndrome
showed no significant difference from that of DM group with metabolic syndrome
(7.59 + 2.71 vs. 7.95 + 4.26, P>0.05) (table 6). A significant increase of mean
serum TBARS level is observed in IHD group with non-metabolic syndrome as
well as in IHD group with metabolic syndrome in comparison with the mean
serum of TBARS level in DM subgroups with and without metabolic syndrome
(8.96 + 3.95 and 9.25 + 3.24 vs. 6.67 + 2.43 and 6.62 + 2.46 respectively, P<0.05)
(table 5 and table 6). No significant difference of mean serum fibrinogen level is
observed in IHD group with non-metabolic syndrome in comparison with the
mean serum fibrinogen level in DM group with non-metabolic syndrome
(3.2840.89 vs. 3.01+0.64 , P>0.05) (table 5), while the mean serum fibrinogen
level in the respective metabolic syndrome subgroups showed a significant
difference ( 3.55+ 0.56 vs. 2.94 + 0.63, P<0.05) (table 6).
In our data the mean serum leptin level showed a highly significant positive
correlation with BMI in DM group (r = 0.19, p<0.001) and in IHD group (r = 0.11,
p<0.001) (table 7). It is noticed that the value of correlation coefficient was lower
in IHD group. When the correlation between mean serum leptin level and w/h
ratio was studied, there was a highly significant positive correlation in both DM
group and IHD group (r = 0.17 and r = 0.11, p<0.001) . Again the value of
correlation coefficient was lower in IHD group. While serum leptin level was
insignificantly correlated with serum TBARS level in DM group (r = 0.37, p
>0.05), there was a significant positive correlation of leptin level with TBARS in
IHD group (r = 0.69, p<0.05) (table 7).

Discussion

The risk factor hypothesis implies that if a person has a certain risk factor, he is
more likely to develop clinical manifestations of atherosclerosis and is likely to do
so earlier than in a person with no such risk factor®. It was believed from the
start that the discovery of such risk factors or predictive variables might pave the
way to preventive efforts.
The finding of a higher number of hypertensive and smoker patients in our IHD
group than in DM group is in line with the known strong relation between
hypertension, smoking and IHD®*®. Also family history of IHD revealed that
there were more subjects with such history in IHD group. It has already been
reported that family history of CHD is an independent risk factor for CHD in
many studies® *? and this might be in favor of a genetic predisposition to such
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condition. However, the differences in these risk factors between our main study
groups were statistically not significant suggesting the presence of differences in
other risk factors.

The mean serum levels of TC, TG, and HDL-C were compared between DM
group and IHD group. Hypercholesterolemia, if present, is known to have an
impact on CVD in diabetic subjects which is substantially greater than in the
general population. Also TG and HDL-C have a significantly greater predictive
power for CVD in diabetic subjects than does the T.Ch value®. However, the
differences between the two groups were statistically non significant. These
findings, in addition to the presence of no differences in other classical risk factors
which are age and obesity, necessitates a search for a more predictive risk factors
in such patients in particular.

In our study, a highly significant increase of mean serum leptin level was observed
in IHD group when it was compared with DM group. Recently, many evidences
are in support of a role for hyperleptinemia in vascular disease® 3¥. Many studies
have reported an association between serum leptin level and clinical
manifestations of CHD whether as first myocardial infarction © or a first
coronary event ©®® or a further coronary event in patients with angiographically
confirmed coronary atherosclerosis @7, However, in one of studies, such an
association was not detected 2.

On comparison of serum leptin levels in IHD subgroups with that of DM group,
the significant elevation was restricted to angiography group while the higher
mean level in angina group was not statistically significant. On the other hand, the
mean leptin level was even lower in MI group .These findings may be suggestive
of an association between higher serum leptin levels and vulnerable (inflamed)
atherosclerotic plaques which histopathologically characterize the worsening
clinical states of angiography group®®4%4%,

Our study found a very high significant increase in mean serum level of TBARS in
IHD group in comparison with that of DM group. Also the correlation between
serum leptin level and serum TBARS level was significantly positive in IHD
group but insignificant in DM group. These finding are consistent with the reports
that high leptin level is an inducer of oxidative stress 2%,

On comparison of serum TBARS levels between (DM group) and IHD subgroups,
the increase was found statistically significant in angiography group and in angina
group but not in MI group. This may be related to the activity of atherosclerotic
disease and is consistent with the differences detected on comparison of serum
leptin level in study groups and further suggests that hyperleptinemia has an
association with oxidative stress.

In regard to the presence of metabolic syndrome in our study patients, a significant
increase in the mean serum leptin level was confined to IHD subgroup with non-
metabolic syndrome. Such finding favors a role of leptin which seems to be
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independent of metabolic syndrome .This was also suggested by many previous
studies ®**¥ However, this needs more studies because many reports have also
proposed hyperleptinemia as a component of metabolic syndrome of
cardiovascular risk 5 4647,

Comparison of study groups according to the presence of metabolic syndrome
revealed that high TBARS level is a characteristic of IHD in presence or absence
of metabolic syndrome. This supports the idea that oxidative stress can be a
common pathway for both metabolic syndrome and hyperleptinemia and assists
the belief in an association between hyperleptinemia and oxidative stress.
Moreover, the finding that the correlation between leptin and TBARS in (DM
group) is insignificant but significant in (IHD group) is in line with the belief of a
special independent role of leptin in IHD.

Our study revealed that the mean plasma fibrinogen level is significantly higher in
(IHD group) than in (DM group). On further analysis in IHD subgroups, the
increase in plasma fibrinogen was statistically significant only in myocardial
infarction subgroup although it was higher in other subgroups compared to (DM
group). These results are consistent with most previous studies that incriminated
high plasma fibrinogen as a risk factor for IHD“® and that high level is associated
more with thrombo-atherosclerotic conditions like MI than with other
manifestations of IHD “®. Since serum fibrinogen is an important positive acute
protein and an increased level is a marker of inflammation‘>® then the results go
with the belief that hyperleptinemia may be atherogenic through the induction of
an inflammatory response®?.

In conclusion, T2DM patients with IHD have an elevated serum leptin level that is
associated with oxidative stress, inflammation and active or worsening ischemic
heart disease independent of metabolic syndrome. Thus, serum leptin level could
be an additional factor to assess cardiovascular risk.



Table 1: Clinical characteristics of study groups

Variables

Age (YTr)
(Mean £ SD)

56.4+9.7

IHD group
(n=40)

58+ 7.6

Comparison
(p-value)

Level of
significance

BMI (kg /m?)
(Mean = SD)

294 +53

28.1+4.7

w/h (cm/cm)
(Mean = SD)

0.94 £0.03

0.94 £ 0.04

Hypertension:
Yes

No

11
29

13
27

Smoking status:
Smoker

Non-smoker

Family history of
IHD:

Yes

No

Duration of
diabetes(Yr)
1-5
6-10
11-15
16-20

10




*

**

Table 2: Lipid

Analyte
(mg/dl)

Lipid profile:

TC

TG

profile of DM

DM group
(n =40)

215.4 + 38.6
160.4 + 84.47

39.87 £ 14.68

TC = Total cholesterol

TG = Triglyceride

group

and IHD group

IHD group
(n =40)

209.4 +40.2
154.05 + 86.34

41.73+12.05

HDL-C = High Density Lipoprotein-Cholesterol
Values are (Mean £ SD)

Comparison
(p-value)

Level of
significance

Table 3: Mean serum concentrations of leptin, TBARS and fibrinogen of DM

group

Analyte

Leptin
(ng/ml)

and IHD

group

DM group
(n =40)

7.39+3.54

IHD group
(n=40)

11.56 +10.27

Comparison
(p-value)

Level of
significance

TBARS
(umol/L)

6.65+2.41

9.00 £ 3.61

< 0.001***

Fibrinogen
(9/L)

Values are (Mean + SD)

:Significant

2.99 £ 0.63

(p<0.05)

:Highly Significant ( p < 0.01)

*** :Highly significant (p <0.001)

3.3+ 0.65

11

<0.05*




Table 4: Mean serum concentrations of leptin, TBARS and fibrinogen of DM group

IHD subgroups
(n =40)
Analyte Angina angiography Ml
(n=12) (n=14) (n=14)
L entin 19.67 +
P 7.39+£3.54 [9.03£4.39 (NS) | 13.57*** 5.61 +1.09*
(ng/ml)
TBARS 6.65 +2.41 [ 9.46 +£3.00*** | 10.53 +£4.53*** |1 7.09 + 2.06(NS)
(umol/L)
(Fg'/bl_r)'”oge” 2.99+0.63 |[3.23+0.86 (NS) [3.15+ 052 (NS) | 3.51 + 0.56**
Values are (Mean x SD)
* :Significant (p<0.05)

**  :Highly Significant (p < 0.01)
*** Highly significant (p <0.001)
N.S :Non-significant (p >0.05)

Table 5: Mean serum concentrations of leptin, TBARS and fibrinogen of DM
group with non- metabolic syndrome and IHD group with non- metabolic
syndrome

DM group IHD group
with non- with non-
Analyte metabolic metabolic
syndrome syndrome
(n =25) (n=22)

Comparison Level of
(p-value) | significance

Leptin
(ng/ml)
Fibrinogen
(9/L)
TBARS

7.06 +3.08 13.06 £ 11.01

3.01+0.64 3.28+0.89

(umol/L) 6.67 £2.43 8.96 £ 3.95

Values are (Mean + SD)
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Table 6: Mean serum concentrations of leptin, TBARS and fibrinogen for DM
roup with metabolic syndrome and IHD group with metabolic syndrome

D.M group IHD group
with with Comparison Level of
Analyte metabolic metabolic P L
(p-value) | significance
syndrome syndrome
(n =15) (n =18)

Leptin 7.95+426 | 7.59+2.71 >0.05 NS
(ng/ml)
Fibrinogen |5 944063 | 3.55+056 <0.01 S
(/L)
TBARS
(umol/L) 6.62 + 2.46 9.25+3.24 <0.01 S

Values are (Mean + SD)

Table 7: Correlation coefficients between serum leptin and BMI, W/h ratio,
TBARS, and fibrinogen values for DM group and IHD group

Analyte

DM group IHD group
(N = 40) (N = 40)
r p-value r p-value

Leptin and BMI

0.19 p <0.001

0.11 P <0.001

Leptin and W/h ratio

0.17 p < 0.001

0.11
P <0.001

Leptin and TBARS

0.37 P>0.05

0.69 P <0.05

Leptin and Fibrinogen

0.18 P <0.001

0.22 P <0.001
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