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Introduction

Obesity and diabetes are the major public health problems in developed as well as developing countries are associated with
significant, potentially life-threatening co-morbidities [1,2]. The relation of obesity with Type-2 Diabetes Mellitus (DM) has
been understood for decade and the major basis for this relation is the ability of obesity is linked with insulin resistance [3].
Nationwide, the prevalence of type 2 DM is more than 9% in India [3]. More than 60 million of Indians are suffering from
Pre-Diabetes and >75 million from type2 DM in 2011 and the figure is ever growing with an approximate estimate of 100
million in 2030 [4]. Diabetes mellitus (DM) and obesity have a complex relationship [5] and in recent scenario worldwide
significant numbers of obese individuals are suffering from diabetes [6]. Obesity is not only an established risk factor for type
2 DM but also root of several chronic diseases like progressing to hypertension, development of proteinuria, nephritis,
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cataract, poor wound healing, increased susceptibility to infection, early ageing, peripheral neuritis, chronic heart diseases

and osteoarthritis [6,7].

Obesity is associated with alterations of adipose tissue metabolism. Adipose tissue is recognized nowadays as an active
endocrine organ that synthesizes and secretes various inflammatory cytokines, commonly known as adipokines [8]. This
adipokines play a key role in regulating various metabolic processes like interfere with insulin sensitivity, glucose
homeostasis and lipid metabolism. Among the various adipokines leptin, is the most studied adipocyte derived hormone with
molecular weight of 16 kDa, a product of ob gene mainly produced by white adipose tissue [9,10]. Leptin represents as a
novel marker of energy storage as the release of leptin is in proportion to the mass of adipose tissue [11]. It enhances the
secretion of several cytokines by inflammatory cells and a reduction in its activity leads to insulin resistance [12]. Further,
leptin stimulates lipolysis and inhibits lipogenesis and genetic defect in leptin or its receptor will lead to extreme overeating
and massive obesity [13]. So leptin plays an important pathophysiological link between obesity and type 2DM which is not
properly understood. Various studies suggest that obesity is associated with alteration of leptin levels [14,15]. A recent study
suggest that serum leptin levels in T2DM patients are more associated with obesity and less with diabetes.16 Moreover few
studies have examined the apparent association between serum leptin and type 2 diabetes and those findings are not
consonant. Significant positive associations have been reported by few studies [17-19] whereas no relation have been
established by other contemporary studies [20-22]. At the same context inverse relation was also reported by few studies [23,
24]. This type of variation observed due to the difference of extent of obesity, age, gender and ethnic group which is not fully
understood. Majority of the leptin studies focused to find out the association of leptin in either obese subjects or diabetic
patients. It is already proven fact that serum leptin is altered in obesity [14,15] but to our best knowledge no study conducted
to reveal the relationship whether there is any further alteration of leptin levels occur when obesity is associated with type 2
diabetes. These unproven facts drag our interest to compare serum leptin levels and lipid profile both in obese subjects along

with diabetic patients due to obesity.
Materials and Methods

Present case control study was conducted in the Department of Biochemistry & Medicine, Shri Ram Murti Smarak Institute
of Medical Science, Bareilly, U.P. We analyzed total 90 samples out of which were divided into three groups. The first group
had 25 adult non-obese persons as control, second group had 25 adult obese persons without DM type 2 and third group had
40 adult obese persons with DM Type 2.This study was intended to evaluate serum leptin levels in obese subject and obese
type 2 diabetic subjects, so non obese healthy controls were selected to find out whether this parameter varies significantly in
non-diabetic obese and obese diabetic group from healthy control. Type 2 diabetic patients were selected on the basis of
clinical history and also according to the classification of American Diabetes Association classification [25] in which fasting
plasma glucose concentration is more than 126 mg/dl. Prior approval was taken from the institutional ethical committee.
Informed consent was obtained from all the subjects after explaining them about the aim and objective of the study. BM 1 was
measured for each subject and proposed biochemical parameters were estimated in their blood samples. Obese subjects had a
BMI equal or greater than 25 and normal subjects had a BMI less than 25 which was in accordance with the revised
consensus Body Mass indices for Asian Indians [26]. The subjects chosen were not on any drug treatment during days of
blood collection. Ages of the subjects were between 25-65 years. Patients with kidney failure, liver, cardiovascular disease,

cancer and acute and chronic inflammatory and autoimmune diseases were excluded for the study.
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Before collecting venous blood sample using standard venipuncture subjects were asked to have a fasting period of 12 hrs.
The procedure was standardized and followed as per the guidelines of The National Committee for clinical laboratory
standards (NCCLS) [27]. For the standardization blood was drawn in sitting position from antecubital vein. These samples
were collected in two different vials, one plain vial for measuring the serum leptin and lipid profile, one sodium fluoride vial
for measuring fasting plasma glucose. Blood was allowed to clot and was immediately centrifuged at 5000 rpm for 10
minutes. Serum was collected and stored immediately at -200 C in the lab until assay performed. The quantitative estimation
of leptin in human serum was done by competitive ELISA method using Elisa kit from Diagnostics Biochem Canada Inc.
Plasma fasting glucose level was done by glucose oxidase/peroxidase method (ACCUREX, India). Total cholesterol was
estimated by enzymatic end point cholesterol esterase-peroxidase method (ACCUREX, India). Triglycerides were measured
by glycerol phosphate oxidase-peroxidase method (ACCUREX, India). HDL-C was estimated by direct enzymatic end point
assay based on precipitation method (ERBA, Germany). LDL-C and VLDL were calculated using Friedewald's formula [28].

Statistical analysis

Data was processed using license excel software. Analysis was performed using SPSS version 20 for windows. Descriptive
data were expressed as mean, standard deviation. Results were expressed as mean * S.D and also using box plot.
Independent t-test was used to compare the mean of various groups to find out any statistical significance. Differences were
considered statistically significant at p<0.05. ANOVA analysis was done to compare the mean of each parameter. Correlation
between serum leptin with other assed parameters was sought using the Pearson’s correlation. ROC analysis was done to find

out the cut off value of leptin between normal and obese group and between normal and obese with type 1l diabetes group.
Results

The demographic distribution of our study population is shown in FIG 1. In the obese type 2 diabetic group numbers of male
patients were 21 and female patients were 19, whereas in obese without diabetic group the number of male subjects were 13
and female subjects were 12. Mean £ SD of age, BMI, FPG and lipid profile parameters with ANOVA analysis is shown in
TABLE 1. The mean age of obese subjects were 49.8 years and for obese diabetic group was 47.4 years. The mean + SD
BMI of obese group was 31.9 + 4.07 kg/m2 and for diabetic group were 29.98 + 3.82 kg/m?. Significant variation of mean
BMI was observed in both obese and obese with diabetes group when compared with healthy control. ANOVA analysis of
total cholesterol showed no significant variation in all groups with 'p' value 0.267. Serum triglyceride and VLDL-C showed
statistically significant variation between non diabetic obese with diabetic obese group. Mean HDL-C level showed
statistically significant difference between control group and non-diabetic obese group when analyzed by Student’s’t’ test.

Upon ANOVA analysis of LDL-C no significant association was observed.

Values of leptin in obese, obese with DM type 2 and control group are shown in TABLE 2. Mean + SD of serum leptin
level in obese group was 37.73 + 24.83 ng/ml and in diabetic obese group was 37.73 + 24.83 ng/ml. In control group serum
leptin level was 16.60 + 13.51 ng/ml. There was significant difference was observed in mean leptin level between obese
group and control group (p<0.0001) and also between obese with type 2 diabetic group and control group (p<0.0001) when
compared by Student’s’t’ test. There was no statistical significance observed in respect to serum leptin level between obese

and diabetic obese group when compared by Student’s’t’ test (p=0.44). One way ANOVA analysis between control group,
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obese group and obese diabetic group showed a significant variation of serum leptin between each group with ‘p' value 0.00
and F value 8.427501 (TABLE 2).

Box plot analysis of serum leptin level in control, obese without diabetic and obese with diabetic is shown in FIG 2.
Pearson's correlation analysis of serum leptin levels with other assayed parameters in obese group and obese with diabetic
type 2 is shown in TABLE 3. We found that serum leptin is significantly positively associated with BMI both in obese group
(p=0.516) and also in obese with diabetes type 2 group (r=0.431). No significant correlation was observed with other assayed
parameters (FPG, TC, TG, LDL-C, HDL-C and VLDL-C) with serum leptin in both the groups. ROC analysis of serum
leptin in control vs. obese group is shown in FIG. 3. and we found best cut off value for serum leptin was 21.5 ng/ml with
68% sensitivity and 64 % specificity. FIG. 4 shows ROC analysis of serum leptin in control vs. obese with diabetes type 2
group and we found best cut off value for leptin was 20.5 ng/ml wit 64% sensitivity and 64% specificity.

Control
Obese

Obese with DM2
® Male mFemale

FIG 1. Distribution of study population.

TABLE 1. Anthropometric and biochemical parameters in all groups

Parameters Group-1 Group-2 Group-3
(Control) (Obese without DM) | (Obese with type 2 DM) | ANOVA p
n=25 n =25 n=40
Age (years) } 44.27 +8.10 49.8 + 6.34 47.4+770 <0.0001
BMI (kg/m2) $ 22.61+1.65 31.9+4.07 29.98 + 3.82 <0.0001
FPG(mg/dl) + 94.36 + 10.29 101.32 +£13.7 206.03 £ 72.92 <0.0001
TC (mg/dl) L7oaz 169.20 + 32.54 188.95 + 64.58 0.267
33.67
TG (mg/dl) * 157.56 + 37.35 140.32 + 41.33 232.21 £128.97 <0.0001
HDL-C (mg/dl) 1 35.42 +10.19 28.98 £ 6.75 29.85 +11.76 0.0496
LDL-C (mg/dl) 108.42 + 32.28 112.15 + 30.52 111.59 + 55.46 0.053
VLDL-C (mg/dl) * 31.52+7.48 28.07 £ 22.64 46.44 + 25.80 <0.0001
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Note: Values are represented as: mean * SD. Abbreviations: DM, Diabetes mellitus; HDL-C, high density lipoprotein
cholesterol; LDLC, low density lipoprotein cholesterol; n, number of subjects; SD, standard deviation; TC, total cholesterol;
TG, triglycerides; VLDL-C, very low density lipoprotein cholesterol. Statistically significant difference was observed
between Fall groups, fgroup one and two, $ group one and two and group one and three, *group one and three and group two
and three.

TABLE 2. Values of leptin (ng/ml) in Obese, Obese with DM type 2 and Control Groups.

Obese without DM group Obese with DM group Control group
Serum Serum Serum
33.26 £ 18.54 ng/ml 37.73 £ 24.83 ng/ml 16.60 + 13.51 ng/ml
*vs. Obese with type 2 DM *vs. Obese without type 2 DM
'n' =0.44 (NS) 'p' =0.44 (NS)
*vs. control *vs. control’
'p' <0.0001 'p' <0.0001

ANOVA analysis of leptin in Obese, Obese with DM type 2 and Control Groups
'p' Value = 0.00, F value=8.427501, Fcrit= 3.101296
Between groups; SS= 7107.49, df=2, MS= 3553.745
Within groups; SS=36686.54, df=87, MS=421.6843
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FIG 2. Box plot representing mean + SD of serum leptin levels in all groups.

TABLE 3. Gender wise distribution of serum leptin in Obese, Obese with DM type 2 and Control Groups.

Serum leptin concentration (ng/ml)
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TABLE 4. Correlation analysis of leptin concentration with various assayed parameters, in Obese without type 2 DM group

Groups Male Female ‘p’ value
(Mean £ SD) (Mean = SD)
Control subjects 12.89 £ 14.9 21.15 £ 10.66 <0.0001
Obese subjects 23.26 £ 18.83 44.08 +10.83 <0.0001
Obese with type 2 DM 33.38 £ 29.55 42,55 +17.38 0.12
" AUC=0.767
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FIG 3. ROC curve of serum leptin in control Vs Obese group.

and in Obese with type 2 DM group.

Obese without DM2 Obese with DM2
Parameters (n=25) (n=40)

'r"value | 'p'value | 'r'value | 'p'value
BMI (kg/m2) 0.516 0.000 0.431 0.000
FPG(mg/dl) 0.142 0.706 -0.128 0.431
TC (mg/dl) 0.341 0.095 -0.217 0.179
TG (mg/dI) 0.581 0.000 0.142 0.381
HDL-C (mg/dl) 0.217 0.298 0.182 0.262
LDL-C (mg/dl) 0.300 0.145 0.197 0.224
VLDL-C (mg/dl) 0.341 0.095 0.142 0.381
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FIG. 4. ROC curve of serum leptin in control Vs Obese with type 2 DM.

Discussion

Leptin is released from adipocytes in response to increased fat content is involved in the maintenance of fat content of the
body. It does so by increasing the fat mobilization from the adipose tissue, fatty acid oxidation by the liver and by decreasing
the appetite [29, 30]. In our study, as expected, we found significantly higher leptin level in obese subjects (33.26 + 18.54
ng/ml), in comparison with healthy subjects (16.60 £ 13.51 ng/ml). Leptin level also significantly positively correlated with
BMI. Our finding was in accordance with the study conducted by Masoud Y Al Maskari et al. who also reported significantly
high leptin level in obese subjects. (Obese subjects; 34.78+13.96 ng/ml and the control non-obese subjects; 10.6 + 4.2 ng/ml)
[31]. Considine RV et al. observed four time higher serum leptin level in obese subjects in comparison with non-obese
subjects and they also found significant association of serum leptin with BMI [32]. Our results contradict the findings of
Gilberto Jorge da Paz-Filho et al. who reported significant decrease leptin production by the adipose tissue in obese subjects
when obesity is associated with advanced stages of metabolic syndrome [33]. A most likely explanation for this increase will
be as follows. As the fat content is increased due to low level of hormone sensitive lipase in our obese group, leptin level will
increase. Increased leptin level will however not be able to increase the fat mobilization, due to limited amount of hormone
sensitive lipase, which is already fully activated. Thus the fat content will continue to increase with parallel increase in serum
leptin level [34]. We also observed elevated levels of serum leptin in obese with diabetes group (Mean + SD; 37.73 + 24.83
ng/ml) which was statistically significant (p<0.0001) when compared with healthy control. Our findings were in accordance
with the result obtained by Arleta et al. who found that concentration of leptin in DM2 patients was significantly higher than
in healthy control (p<0.01) [35]. They concluded that leptin may participate in the complex pathogenesis of DM2 and be a
predictor of the development of this disease. Our findings contradict the study conducted by Rajeev L et al. who reported
significant decrease level of serum leptin in diabetic patients (Mean = SD; 29.3 + 19.3 ng/m) when compared with non-
diabetic subjects (34.8 + 21.4 ng/ml) [36].

Serum leptin level was not significantly different ('p'=0.44) in obese group with type 2 DM (37.73 + 24.83 ng/ml) in

comparison to obese group without DM type 2 (33.26 + 18.54 ng/ml). These results show that the serum leptin level is
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associated with obesity only and not with diabetes. Such observation was in agreement with the study conducted by Tatti et
al. and Morteza et al [37, 38].

In this study in respect with gender we found that females had higher leptin levels than males (TABLE 3) in all groups,
which was statistically significant (p<0.0001) in controls as well as in obese subjects. But this significance was not observed
in obese diabetic group (p=0.12). This finding was also in accordance with study conducted by Rajeev L et al and Panarotto
D et al [36, 39] who also observed significant increased levels of serum leptin in female patients as compared to males.

The levels of serum TGs and VLDL-C were observed to be significantly higher in obese with type 2 DM patients than
normal healthy controls which was in accordance to the study findings of Zavaroni et.al [40]. In our study, no significant
difference in serum TG level between normal and obese group was observed which contradict most of the studies [41, 42]. In
respect to total cholesterol and LDL-C no significant change was observed in all these groups. HDL-C levels were
significantly decreased in obese non-diabetic group in comparison with control group. Significant positive correlation was
observed between serum leptin with BMI both in obese group (p=0.516) and obese with DM2 group (p=0.431) [TABLE 4].
Different results obtained in our study in respect to lipid profile might be due to differences in patient's characteristics,
duration and extent of obesity and insulin resistance, metabolic alteration of other hormones, and possible effects of
intermediate metabolism. ROC curve of serum leptin in control Vs Obese with type 2 DM is shown in FIG 4. Differences in
the duration of the studies, sample size, geographical variation included in the studies may be other possible factors which are
responsible of this inconsistency.

Conclusion

In this study we reported that obese subjects and obese with type 2 diabetes mellitus patients have similar serum leptin levels.
This study finding led to the conclusion that the increase in serum leptin level is associated with obesity but no further
alteration is seen in obese subjects who developed type 2 diabetes mellitus due to obesity. To establish this unproven fact,
prospective, multicentric study with larger sample size could obtain wider insight.
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