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Abstract---Background: Leptin is considered to have a role in
regulation of body weight and energy metabolism. Increased level of
serum Leptin is considered as a component of metabolic syndrome.
Also resistance to Leptin in B-cells results in hyperinsulinemia due to
the absence of inhibitory effect of Leptin on insulin secretion. This
may lead to the exhaustion of B-cells in the pancreas leading to the
progression of Type 2 DM. Our study was put forward to identify the
Leptin levels among diabetic and non-diabetic individuals and its
correlation with body mass index. Materials & Methods: In each group
40 subjects were recruited. Their samples were collected and Leptin
was assayed using ELISA kit. Other parameters like Fasting and Post
Prandial Glucose, HbAlc, Cholesterol, Triglycerides, High Density
Lipoprotein and Low Density Lipoprotein were also analyzed as a
supportive measure. Result & Conclusion: There was no significant
difference in Leptin levels in both obese diabetic and obese control
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groups. Leptin level was confined to the lower side in thin groups.
There is a significant positive correlation between Leptin and body
mass index. Female subjects have got increased Leptin value than
male subjects. This confers that Leptin is a marker of obesity rather
than Diabetes Mellitus.

Keywords---diabetes mellitus, patients, leptin, body mass index.

Introduction

Diabetes mellitus (DM) is characterized by chronic hyperglycemia associated with
alterations in the metabolism of carbohydrate, fat and protein. The major
prevalent type of diabetes is type 2. It affects more than 90% of the population

suffering from diabetes globallyl. There is a rapid increase in the number of
diabetic patients and this fiery growth is noted in both rural and urban areas.
Type 2 diabetes is characterized by insulin resistance, as a result of which the

cells do not use insulin appropriatelyz'

Insulin resistance was found to result from a blend of genetic as well as
environmental factors. It is defined as the deprivation of insulin to exert its

biological functions at effective circulating levels in normal subjectss. It is found
in non-diabetic individuals who are obese and inpatients with Type-2 DM. It is a
distinctive sign of defective action of insulin. The impairment ofbeta cell function
is allied with the insulin resistance mediated increased beta-cell demand which is
required for developing increased glucose values in fasting status. The foremost
flaw is loss of secretion of insulin that is induced by glucose labeled as selective

glucose insensitivity4. Excess increase in blood glucose levels renders the beta
cells insensitive to glucose. Genetic factors also pave way to the progression of
diabetes. Genes that affect beta cell apoptosis, beta cell regeneration, sensing
glucose levels, ion channels, energy transduction, microtubules or
microfilaments, metabolism of glucose and other islet proteins mandatory for the

synthesis, binding, progress and discharge of secretory granuless.

Environmental factors ranging fromdietary habits to level of physical activity are

chief determinants in the development of Type-2 DMO.

Obesity is associated with insulin insensitivity and is the most significant
predictive risk factor for development of Type-2 DM. The deposition of fat in
varying anatomic locations also has its own effect on morbidity. Among the
distribution, intra-abdominal and abdominal subcutaneous fat is given a distinct
importance. If an abnormal waist to hip ratio exists, then a person is more prone

to develop many complications7. The most important complications are as insulin
resistance, diabetes, hypertension, hyperlipidemia, and hyperandrogenism in

women®. Intra-abdominal and/or upper body fat is more strongly correlated to
these complications than to overall adiposity. The function of adipocytes as
endocrine cell is to release various molecules. This includes Leptin which helps in
maintaining equilibrium of energy, cytokines such as tumor necrosis factor (TNF)
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and interleukin (IL)-6, complement factors such as factor D also known as
adipsin, plasminogen activator inhibitor I which is a prothrombotic activator, and

a constituent ofthe blood pressure regulating system, angiotensinogeng.

Leptin is a 16 kilo Dalton protein hormone made up of 167 amino acids. It is
derived from the Greek word ‘leptos’ which means lean. It is encoded by ob gene
located on chromosome 7 in humans. It plays a vital part in regulation of food
ingestion, balancing energy and functions as a metabolic and neuroendocrine

hormone. The foremost function of leptin is in regulating body Weightlo. Leptin
receptors were located in the choroid plexus and hypothalamus, a region
regulating food intake, appetite and body weight. Leptin by binding to its receptor

acts mainly to inhibit hunger by various mechanisms !l 12 which make a person
to consume less food and to metabolize more amounts of fuels. Leptin also exerts
its effects on organs other than hypothalamus. These effects on peripheral targets

are due to the distribution of Leptin receptors on various cell typesls.

Materials & Methods
Study population

Ethical clearance was obtained from the Institutional Human Ethics Committee.
Aninformed consent was taken from the patients before sample collection. The
study design is a case control study in which obese type 2 diabetic (n =40) and
thin type 2 diabetics (n =40) are selected as cases. The diagnosis of Type 2
diabetes is based on case record description which is based on insulin level
and other factors at the time of diagnosis. Cases were selected from diabetic
patients attending Endocrinology and Medicine OPD. Patients satisfying the
diagnosis, inclusion criteria and BMI (measured by the investigator), and not
coming under exclusion criteria, were given explanation about this study. If they
were willing to participate, the consent forms were filled and the samples were
collected. The samples were processed and stored for analysis. Control individuals
were mainly selected from the master health check up. Person fulfilling the
control group criteria was requested to participate in the study. If they were
willing, the consent forms were filled and then the blood samples were
collected. Their samples werealso processed and stored for analysis. Patient data
were retrieved from their case sheet.

Collection of blood samples

As cases are diabetics and controls are patient attending master health check up,
fasting sample - fluoride vacutainer for fasting plasma glucose, EDTA vacutainer
for HbA1C and clot activator vacutainer for lipid profile were collected routinely.

The 219 hour post prandial plasma glucose sample was also collected routinely.
The left over serum in the clot activator vacutainer tube used for lipid profile
was transferred to secondary labeled plain tube. This sample wasstored at -20

degree Celsius for Leptin assays’ 13.
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Statistical analysis

The data obtained after the estimation of Leptin, Body Mass Index, Fasting
Glucose, Post Prandial Glucose, Cholesterol, Triglycerides, HDL, LDL and HbAlc
were statistically analyzed using IBM SPSS software version 19.The data
distribution was displayed by histogram, dot plot and scatter plot. The data
summary was represented by bar diagram. The dependence of categorical variable
was tested with Chi Square test. For comparing two groups t test was used. For
comparing multiple group means one way ANOVA (Analysis Of Variance) was
done. For post hoc testing, Tukey and Games Howel were used according to the
group n and equivalence of variance. Significance was assessed at 5% level. The
correlation between quantitative parameters were done using Pearson and further
checked with scatter plot. For correction of right side skewed data, natural
logarithm transformation was used.

Results
Figure 1: Leptin levels among study groups
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Table 1: Leptin levels among study groups
Sum of
Squares df Mean Square |F Sig.
Between 68598.467 3 22866.156  [23.591 |.000
IGroups
Within Groups |[151205.469 |156 969.266
Total 219803.936 |159

Table 2: Comparison (multiple) of leptin levels among study groups (Post hoc test
by Tukey)

Mean 05% Confidence Interval

Difference(I-J) [Std. Error Lower Upper
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|(I) Study groups (J) Study groups Sig. Bound Bound
Thin Diabetic Obese Diabetic 43.97500" 6.96156 |.000 -62.0537 -25.8963
Thin NondiabeticObese Nondiabetic 28750 6.96156 |1.000 -17.7912 18.3662
% 6.96156 |.000 -56.2287 -20.0713
-38.15000
[Obese Diabetic Thin Diabetic 43.97500" 6.96156 |.000 25.8963 62.0537
Thin Nondiabetic % 6.96156 |.000 26.1838 62.3412
44.26250
Obese 5.82500 6.96156 |.837 -12.2537 23.9037
Nondiabetic
Thin Nondiabetic Thin Diabetic -.28750 6.96156 |1.000 -18.3662 17.7912
Obese Diabetic —44.26250* 6.96156 |.000 -62.3412 -26.1838
Obese Nondiabetic % 6.96156 |.000 -56.5162 -20.3588
-38.43750
Obese Thin Diabetic 38.15000" 6.96156 |.000 20.0713 56.2287
Nondiabetic . . i 6.96156 |.837 -23.9037 12.2537
.  Obese Diabetic  [2-82500 -0 0 [0, 0.3588 56.5162
hin Nondiabetic 38.43750

*. The mean difference is significant at the 0.05 level.

Figure 2: Comparison (multiple) of leptin levels among study groups
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Table 3: Leptin levels among study groups

Sum of

Squares df Mean Square |F Sig.
Between Groups 98556.354 7 14079.479 17.651 .000
Within Groups 121247.582 152 797.681
Total 219803.936 159

Table 4: Comparison (multiple) of leptin levels among study groups (Post hoc
test by Games-Howell)

95% Confidence
Mean Interval
Difference(I-|Std. Error Lower Upper
|() EightGps (J) EightGps J) Sig. Bound Bound
Thin Diabetic ThinDiabeticMale 9.19780 3.17764 |.117 -1.3043 19.6999
Female ObeseDiabeticFemale _63.12406" |15-15967 |.010 -114.4808 |-11.7674
Ob.eseDiab.eticMale _15.26190 [7-14256 |2419 -38.7673 |8.2435
ThinNonDiabeticFemale _ 4.13210 -14.8541 |11.9744
. ) ) 1.43985 1.000
ThinNonDiabeticMale + 13.06527 2.9945 23.4817
ObeseNonDiabeticFemale 13.23810° 4 96636 000 58.0128 |-25.7967
ObeseNonDiabeticMale 141.90476" 16.34706 ‘822 142.3715 |.4556
21.41353" '
Thin Diabetic Male ThinDiabeticFemale -9.19780 3.17764 |.117 -19.6999 [1.3043
[ObeseDiabeticFemale ObeseDiabeticMale 70.32186" 15.03079 |.003 -123.4321 |-21.2116
ThinNonDiabeticFemale ThinNonDiabeticMale ' % 16.86478 1030 -47.2990 [-1.6204
ObeseNonDiabeticFemale -24.45971 13 63090 |703" | 22.4858 [1.2105
ObeseNonDiabeticMale -10.63765 |5 34628 [gza  |3.4155 [11.4961
4.04029 55784 [j99  [66.0508 |-36.1544
-51.10256 [6.03277 :001 -50.8098 |-10.4128
30.61134"
|Obese  Diabetic ThinDiabeticFemale le3. 12406 |15-15967 010 11.7674 |114.4808
Female ThinDiabeticMale ObeseDiabeticMale + [15.03079 |.003 21.2116 123.4321
ThinNonDiabeticFemale 72.32186  |16.33534 [1109 16.0588 [101.7831
ThinNonDiabeticMale 47.86216 11506112019  [10.1314 [113.2370
ObeseNonDiabeticFemale |61.68421 [15.00744 | 001 25.2948 |127.4295
ObeseNonDiabeticMale 76.36216* 15.50781 861 -30.8341 [73.2727
1.21930 16.00352 203 -11.4412 [94.8623
41.71053
[Obese Diabetic ThinDiabeticFemale 15.26190 |7.14256 |.419 -8.2435 38.7673
Male ThinDia_betic_Male b4.45971% 0686478 1030 1.6204 47.2990
ObeseDiabeticFemale 47 86216 [16-33534 109 -101.7831 |6.0588
Th%nNonD%abet?cFemale 13.82206 7.35542 | 575 -10.1969 |[37.8410
ThlnNonDlgbetchale + [6.81350 008 5.7691 51.2309
ObeseNonDiabeticFemale 28.50000 . 7.85447 034 -51.9945 }-1.2912
ObeseNonDiabeticMale -26.64286 [8.79278 | -34.3483 |22.0451
16.15163 997
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Thin NonDiabetic ThinDiabeticFemale 1.43985 4.13210 [1.000 -11.9744 [14.8541
Female ThinDiabeticMale 10.63765 |3.63090 |[.103 -1.2105 22.4858
ObeseDiabeticFemale _61.68421" |15-26112 | 012 -113.2370 |10.1314
ObeseDiabeticMale _13.82206 |7-35542 |s575 -37.8410 ]10.1969
ThinNonDiabeticMale x [3.53298 |06 3.0659 26.2900
ObeseNonDiabeticFemale |14-6779% ‘506790 [/ "1.57.3973 |-23.5325
-40.46491 ’
ObeseNonDiabeticMale -19.97368 [6.58568 |.084 -41.5112 [1.5638
Thin NonDiabetic ThinDiabeticFemale 13.23810" 3.06527 |.006 -23.4817 }|-2.9945
Male
ThinDiabeticMale -4.04029 |2.34628 |.673 -11.4961 [3.4155
|ObeseDiabeticFema1e _76.36216" |15-00744 1001 -127.4295 |-25.2948
ObeseDiabeticMale _.28.50000" [6-81350 |.008 -51.2309 |}-5.7691
ThinNonDiabeticFemale _14.67794" |3-53298 [.006 -26.2900 [-3.0659
ObeseNonDiabeticFemale _55.14286" [4-48022 1000 -69.9116 [-40.3741
|ObeseNonDiabeticMale 3465163 |9-97434 |[.000 -54.7305 |-14.5728
|obese NonDiabetic ThinDiabeticFemale 41.90476° [#-96636 [.000 25.7967 |58.0128
Female
ThinDiabeticMale 51.10256° 495784 |[.000 36.1544 166.0508
IObeseDiabeticFemale -21.21930 |15.50781 [.861 -73.2727 130.8341
ObeseDiabeticMale 06.64286" 7.85447 |.034 1.2912 51.9945
ThinNonDiabeticFemale 40.46491" 5.26790 |.000 23.5325 |57.3973
ThinNonDiabeticMale 55.14286° 448022 [.000 40.3741 69.9116
[ObeseNonDiabeticMale 20.49123 |7.13874 [.111 -2.5581 43.5406
|Obese NonDiabetic ThinDiabeticFemale 01.41353" 6.34706 |.043 4556 42.3715
Male
ThinDiabeticMale 3061134 [6-03277 |001 10.4128 |50.8098
ObeseDiabeticFemale -41.71053 |16.00352 |.203 -94.8623 11.4412
ObeseDiabeticMale l6.15163 8.79278 |.997 -22.0451 |34.3483
ThinNonDiabeticFemale 19.97368 16.58568 |.084 -1.5638 41.5112
ThinNonDiabeticMale 34 65163° [°-97434 |000 14.5728 |54.7305
[ObeseNonDiabeticFemale -20.49123 [7.13874 |.111 -43.5406 |2.5581
BM |Glufa |Glup [Cho Lepti |[LeptinL
Age I s 1 Tgl |Hdl |Ldl J|Alc |n n
1.0 - -0.0 -0.0 0.0 (0.2
Age 0 0.01 |0.06 |0.08 ]0.03 |3 2 3 2 0.06 [0.00
0.0 0.0 0.0 [0.1 (0.0
BMI 1 1.00 [-0.08 }-0.03 [0.13 |9 te] 5 2 0.60 [0.70
0.0 | 0.3 0.0 [0.0 (0.7
Glufas 6 0.08 |1.00 1|0.84 [0.14 |9 te] 9 2 -0.08 [-0.11
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0.0 | 0.3 0.0 0.0 0.7

Glupp 8 0.03 |0.84 |1.00 [0.06 |0 6 2 2 -0.08 [-0.04
-0.0 0.5 0.0 (0.9 0.0

Chol 3 0.13 |0.14 [0.06 [1.00 |1 7 2 1 0.13 10.16
-0.0 1.0 (0.2 0.4 (0.2

Tgl 3 0.09 10.39 |0.30 |0.51 |0 ) 4 o) 0.05 10.03
-0.0 | -0.2 (1.0 0.2 [-0.1

Hdl 2 0.08 |-0.08 |-0.06 [0.07 |6 0 1 0 0.00 10.06
-0.0 0.4 [-0.2 (1.0 [-0.0

Ldl 3 0.15 |0.09 [0.02 [0.92 4 1 0 3 0.12 |0.12
0.2 0.2 |-0.1 0.0 |1.0

Alc 2 0.02 |0.72 |0.72 |0.01 |6 0 3 0 0.00 |-0.01
0.0 0.0 0.0 0.1 |0.0

Leptin 0 0.60 |-0.08 |-0.08 [0.13 |5 0 2 0 1.00 [0.79
0.0 0.0 0.0 0.1 }-0.0

LeptinLn |0 0.70 |-0.11 |-0.04 [0.16 |3 6 2 1 0.79 [1.00

Figure3: Comparison (multiple) of leptin levels among males and females

2300
a
200 v
a
g ] O @
]
=
=
g L]
7
= s g
A
L] ]
H
rr]
[ 1
Fomoks Sax LS

Figure 4: scatter plots of significant correlations
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Discussion

Leptin distribution is confined to lower side both in thin diabetic and thin non
diabetic groups while there is some dispersion to higher side in obese groups. The
Leptin distribution in obese diabetic group shows a right skewing. So the natural
logarithm and loglO transformations are applied to the distribution. After the
transformation the distribution is showing slight right skewing in all groups
except the obese diabetic group. Anyhow the natural logarithm of leptin is used
for examining the correlation between quantitative variables. The Leptin
distribution was also clearly divided between obese and thin, irrespective of
diabetic status and this result was consistent with the studies conducted by

Piyali Das et al in 201314, We examined the influence of sex. The female group
mean was significantly different from male group mean. This mandates sex wise
sub grouping and comparison. The sub group wise Leptin level distribution was
givenin the table 4. The comparison of the sub group was done by ANOVA and
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Games Howel post hoc test as the numbers of data in each group were not equal
and the equivalence of the variance cannot be assumed.

The eight sub groups were compared with each other and 56 combinations were
possible. Significant difference in Leptin level was observed between obese and
thin in 26 combinations (coloured yellow). Obesity was associated with higher
level of Leptin. In 19 combinations (green) there was no difference and here the
uniting factor among the comparisons was obese versus obese or thin versus
thin. Hence, in 45 out of 56 combinations the deciding factor was obese/thin.
Among the remaining groups, 6 combinations (orange) have no significant
difference between the groups. Here the obesity/thin and male/female effects
were acting in opposite direction, resulting in no significant difference. There
was a significant difference in 5 combinations (blue) and here the deciding factor
was sex. Females have higher Leptin level. Our result was consistent with the
finding of Couillard et al and many other studies which showed that Leptin

level increases in females1®. This was due to the fact that women have
higher percentage of fat in the body. Females have increased ratio of
subcutaneous to visceral fat. This was consistent with the finding that Leptin
strongly correlates with the body fat mass. Few studies illustrate that there was

an unconstrained production of Leptin by adipocytes in women than men10.
Casabiel et al have demonstrated a higher ratio of subcutaneous to omental

Leptin mRNA expression in females17. Estrogens stimulate Leptin secretion in

women and androgens have an inhibitory effect 1.

The correlation between the quantitative parameters was assessed by correlation
coefficient and scatter plots. BMI-Leptin correlation had an r value of 0.6 and the
scatter plot also showed a linear positive correlation. Log transformed Leptin
levels showed even better correlation with r value 0.7. Ahsan et al have showed

similar findings in their study18. Positive correlation was also observed between
following parameters: Fasting glucose and post prandial glucose, Fasting
glucose and HbAlc, Post prandial glucose and HbAlc &Total cholesterol and
LDL cholesterol. These correlations were well established relations. There were
negative correlations in Triglyceride-HDL cholesterol and HDL cholesterol-LDL
cholesterol pairs, which were not supported in their respective scatter plot.
These negativecorrelations were also expected ones only.

The age distribution of the 4 study groups were between 30 and 60 years. But in
the diabetic groups and thin non-diabetic group the distribution was more
towards 60 years. In the obese non diabetic group the distribution was uniform
throughout the age range. Though this difference was slightly reflected in ANOVA
with a significance of 0.019, the post hoc Tukey test didn’t show difference
between these groups. The sex distribution was even and there was no significant
difference in Chi Square test. The distribution of BMI was according to the
inclusion criteria used to separate the groups. The fasting and corresponding post
prandial plasma glucose levels were also measured in our study. As expected the
non diabetic groups were having lower values while the diabetic groups were
having higher values. Interestingly, the thin diabetic group was having higher
plasma glucose level than the obese diabetic. The distribution of fasting plasma
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glucose values, shown as dotplot of different groups, also illustrates the same. In
ANOVA between groups, the thin diabetic group have a significant higher mean
than the obese diabetic. But this was not observed in post prandial plasma
glucose levels. Otherwise, the expected significant differences between diabetic
and non diabetic groups were observed in dot plots and ANOVA.

HbAlc data was clearly divided between diabetic and non diabetic groups. There
was no difference between obese and thin. This was in accordance with a study

performed by Ghorban Mohammad zadeh et all®. Among the lipid profile
parameters, total cholesterol and HDL cholesterol showed no significant
differences between the four groups. LDL cholesterol of obese non diabetic was
significantly higher than the thin diabetic. Triglyceride levels were significantly
lower in thin non diabetic group than other groups.

Conclusion

® Leptin is not elevated in thin diabetic when compared with thin non-
diabetic. The development of type 2 diabetes mellitus in thin individuals
may not be related to Leptin level.

® Obesity and female sex are associated with increased Leptin level and not
with type 2 diabetes mellitus.

e Hence BMI and Leptin have a linear positive correlation. This confers
that Leptin is amarker of obesity rather than Diabetes Mellitus.

References

1. World Health Organization (WHO). Report of a WHO Consultation.
Definition, diagnosis and classification of diabetes mellitus and its
complications. Diagnosis and classification of diabetes mellitus.
WHO/NCD/NCS/99.2. Geneva: WHO, 1999.

2. Olefsky JM. Prospects for Research in diabetes mellitus. The Journal of
American Medical Association 2001; 285(5): 628-632.

3. Horikawa, Oda, Cox, Li, Orho-Melander, Hara et al. Genetic variation in the
gene encoding calpain-10 is associated with type 2 diabetes mellitus. Nat
Genet 2000; 26:163-175.

4. Kumar S, Mukherjee S, Mukhopadhyay P, et al. Prevalence of diabetes and
impaired fasting glucose in a selected population with special reference to
influence of family history and anthropometric measurements — The Kolkata
policeman study. JAPI 2008; 56: 841-844.

5. Busch, Hegele. Genetic determinants of type 2 diabetes
mellitus. Clin Genet 2001; 60:243-254.

6. Whiting DR, Guariguata L, Weil C, Shaw J. IDF diabetes atlas: global
estimates of the prevalence of diabetes for 2011 and 2030. Diabetes Res Clin
Pract. 2011; 94(3):311-21.

7. Shilpi Sharma ,Shashi Jain. Prevalence of Obesity among Type-2
Diabetics.J Hum Ecol2009; 25(1): 31-35.

8. Moran O, Phillip M. Leptin: obesity, diabetes and other peripheral effects--a
review. Pediatr Diabetes 2003; 4(2):101-9.

9. Haffner SM, Stern MP, Miettinen H, Wei M, Gingerich RL. Leptin



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

11335

concentrations in diabetic and nondiabetic Mexican-Americans. Diabetes.
1996; 45(6):822-4.

Kiess W, Anil M, Blum W F, Englaro P, Juul A, Attanasio A et al. Serum
leptin levels in children and adolescents with insulin dependent diabetes
mellitus in relation to metabolic control and body mass index. Eur J
Endocrinol. 1998 May; 138(5):501-9.

Elias CF, Aschkenasi C, Lee C, Kelly J, Ahima RS, Bjorbaek C et al. Leptin
differentially regulates NPY and POMC neurons projecting to the lateral
hypothalamic area. Neuron 1998; 23 (4): 775-86.

Fekete C, Légradi G, Mihaly E, Huang QH, Tatro JB, Rand WM et al. Alpha-
Melanocyte- stimulating hormone is contained in nerve terminals
innervating thyrotropin-releasing hormone-synthesizing neurons in the
hypothalamic paraventricular nucleus and prevents fasting-induced
suppression of prothyrotropin-releasing hormone gene expression".The
Journal of Neuroscience 2000;20 (4): 1550-1558.

Baicy K, London ED, Monterosso J, Wong ML, Delibasi T, Sharma A et al.
Leptin replacement alters brain response to food cues in genetically leptin-
deficient adults".Proc. Natl. Acad. Sci 1997; 104 (46): 18276-9.

Piyali das, Debojyoti bhattacharjee. Association of obesity and leptin with
insulin resistance in type 2 diabetes mellitus in Indian population. Indian J
Physiol Pharmacol 2013; 57(1): 45-50.

Couillard C, Mauriege P, Prud'homme D, Nadeau A, Tremblay A, Bouchard C
et al. Plasma leptin concentrations: gender differences and associations with
metabolic risk factors for cardiovasculardisease. Diabetologia 1997 40
1178+1184.

Machteld Wauters et al Human leptin: from an adipocyte hormone to an
endocrine mediator. European Journal of Endocrinology (2000) 143 293+311.
Casabiell X, Pineir V, Peino R, Lage M, Camina J, Gallego R et al. Gender
differences in both spontaneous and stimulated leptin secretion by human
omental adipose tissue in vitro: dexamethasone and estradiol stimulate leptin
release in women, but not in men. Journal of Clinical Endocrinology and
Metabolism 1998 83 2149+2155.

Ahsan Kazmi et al. serum Leptin Values in the Healthy Obese and non-obese
subjects of Rawalpindi.J Pak Med Assoc.vol 63:2 february 2013;245-248.
Mohammad zadeh G, Zarghami N. Serum Leptin Level Is Reduced In Non-
Obese Subjects with Type 2 Diabetes. Int J endocrinol Metab.2013;11(1):3-
10.



