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Abstract: Serum leptin level is associated with insulin resistance while insulin resistance overlaps with -cell
dysfunctionality partially in type 2 diabetes mellitus. To investigate the influence of anthropometric,
biochemical and nutritional variables on leptinemic status of type 2 diabetic and nondiabetic subjects of
Bangladesh. Fifty seven type 2 diabetes mellitus case (T2DM) and sex-BMI matched sixty one nondiabetic
controls were selected between ages 32-40 for this case-control cross-sectional study. Each subject was
evaluated with respect to the anthropometric indices, energy and macronutrients intake, fasting lipid profiles,
basal leptin and insulin levels as well as -cell dysfunctionality and insulin sensitivity. Diabetic subjects
showed highly significant -cell  dysfunctionality  (HOMA % B) in association with insulin resistance
(HOMA% S). Effect of -cell dysfunctionality on leptin levels difference was found to be stronger than that
of insulin resistance. Multivariate regression analysis diminished the association between leptin and total
energy as well as macronutrients intake while bivariate correlation analysis exhibited a significant positive
association of leptin with total energy intake and carbohydrate. Sex and degree of adiposity was the strongest
determinant of serum leptin concentration both in diabetic and nondiabetic subjects that might be independent
of dietary energy intake. Furthermore, hyperglycemia and hypoleptinemia in Bangladeshi T2DM subjects might
be associated with insulin secretary dysfunction rather than insulin resistance.
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INTRODUCTION Leptin, an adipose derived hormone, is a 16 kDa

Diabetes is considered to be a major health problem role in long-term regulation of body weight (Body fat) and
worldwide. More than 170 million people are affected energy homeostasis [4, 5]. This function of leptin is
worldwide by diabetes with ~90% case being type 2 attributed to its control upon  appetite  and  metabolism
diabetes mellitus (T2DM) [1]. From the [6, 7]. Thus, leptin appears to be a modulator of energy
pathophysiological point of view, T2DM is characterized expenditure while interacts with other hormonal mediators
by relative insulin deficiency due to initial deficit in of energy expenditure and metabolism like insulin,
insulin secretion from pancreatic -cells and insulin glucagon, insulin-like growth factors, growth hormone
resistance of the peripheral target tissues, especially and glucocortiocoids [8]. However, an independent
muscle and liver [2]. Diabetic death covers 2% of all positive correlation between leptin concentration and
deaths in Bangladesh while 95% of diabetic subjects insulin resistance has been established while T2DM
belong to T2DM [3]. exhibits   an   extreme   presentation  of  insulin  resistance

protein product of obese (OB) gene. Leptin plays a key
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[9, 10]. Thus, leptin is a multifunctional hormone which Calorie intake was assessed by 24 hours recall method
may be involved in the pathogenesis of T2DM by using Relational Database Management System (RDMS)
influencing insulin production or sensitivity in humans. Oracale Form 6. Energy expenditure was calculated by

Race-ethnicity was found to be an important factor standard method [15].
associated with serum leptin concentrations although fat
mass is directly related to leptin expression [11]. Only a Laboratory Methods: Laboratory analysis was done with
few studies have documented the role of anthropometric, fasting venous blood. The fasting plasma glucose and
biochemical and nutritional variables on circulating lipid profile (Total cholesterol, HDL-C, TG and NEFA)
leptinemic status in T2DM subjects. Hence, the present were analyzed by enzymatic-colorimetric methods (Randox
study was designed to investigate the influence of Laboratories Ltd., UK). Plasma LDL-C level was estimated
anthropometric, biochemical and nutritional variables on by the Friedewald’s formula. All these analyses were
leptinemic status of type 2 diabetic and nondiabetic carried out by Automatic Analyzer (Hitachi 704, Hitachi
subjects of Bangladesh. Ltd., Tokyo,  Japan).  Plasma  insulin  and leptin levels

Subjects and Methods: (Lincon Research Inc., USA). Insulin secretory capacity
Subjects: This study was carried out in Research (HOMA-B %) and insulin sensitivity (HOMA-S %) were
Division, Bangladesh Institute of Research and calculated by Homeostasis Model Assessment using
Rehabilitation in Diabetes, Endocrine and Metabolic HOMA-CIGMA software [16].
Disorders (BIRDEM), Dhaka, Bangladesh. Fifty seven (57)
T2DM subjects and 61 sex-Body mass index (BMI) Statistical Analysis: Data were analysed using SPSS
matched non diabetic controls were selected between software for Windows version 10.0 (SPSS, Inc, Chicago
ages 32-40 for  this  case-control cross sectional study. IL, USA).  The  data  were   expressed   as   the  mean
The BMI of all the subjects were less than 30kg/m ; female (±SD) or  median  (Range). Biochemical parameters that2

subjects were in premenopausal stage. Study subjects not normally distributed (Nonparametric; insulin,
(Bangladeshi) had the characteristic phenotypic traits HOMA% B, HOMA% S, leptin, leptin/fat mass) were
such as squared tip ape mandible, orthogonal jaw set and analyzed  after  being  logarithmically  transformed  and
an  elevated  bone  ridge  at  upper forehead of the male. the results were back-transformed to produce geometric
In case of diabetic subjects, WHO criteria were followed means.  Differences  between  group means were
to confirm diabetes mellitus [12]. Before study the compared by student’s unpaired ‘t’ test for parametric
subjects were informed about the study purpose and they data. ‘Mann-Whitney U’ test was performed to compare
signed a written consent form. differences between group means in case of

Anthropometric and Nutritional Parameters: parameters were examined using Pearson’s correlation
Anthropometric parameters of the study subjects were coefficients. Multiple regressions were performed to
assessed by standard method. Weight, standing height, determine the association between the dependent and
waist circumference and  hip circumference of each independent variables of interest after adjusting for other
subject were measured according to WHO guideline [13]. potentially confounding independent variables. A two-
Weight was recorded to nearest 0.5 kg while height was tailed P value <0.05 was considered statistically
recorded to nearest 5 millimeter. BMI was calculated using significant.
standard formula (body mass divided by the square of
height in meter). Waist-to-hip ratio was calculated as the RESULTS
ratio of waist circumference divided by the hip
circumference.  Mid  Upper  Arm Circumference (MUAC) Baseline anthropometric, biochemical and
of  handing  relaxed  right   arm   was  measured at  the macronutrient characteristics of the study subjects are
mid-point between the tip of the shoulder and the tip of shown in Table 1. There was no significant difference in
the elbow (olecranon process and the acromium) using a age, BMI, MUAC, SSFT and fat between the nondiabetic
standard tape. Skin fold thickness was measured using control and diabetic group subjects. Only wrist-hip ratio
Harpenden Skinfold Calipers at subscapular skinfold site of diabetic (Male =0.94±0.05 and female=0.95±0.06)
according to NHANES guideline [14]. Body fat mass and subjects were significantly higher than those of non
% of body fat was assessed by “Bioelectrical Impedance diabetic control (Male=0.91±0.04 and female=0.88±0.05)
Analysis” (OMRON HBF-302, Matsusaka co, Japan). subjects.

were  estimated  by  Enzyme Immunoassay method

nonparametric data. Bivariate correlations among



World Appl. Sci. J., 28 (10): 1341-1347, 2013

1343

Table 1: Baseline anthropometric, biochemical and macronutrient characteristics of the study subjects.
Male (n=60) Female (n=58)
--------------------------------------------------------------------- ------------------------------------------------------------

Parameters Diabetic (n=29) Control (n=31) P value Diabetic (n=28) Control (n=30) P value
Anthropometric Parameters
Age (years) 36±4 37±4 0.481 35±4 36±4 0.604
BMI (kg/m ) 23.2±2.66 23.5±1.76 0.590 24.4±2.8 23.9±2.2 0.3812

WHR 0.94±0.05* 0.91±0.04 0.027 0.95±0.06* 0.88±0.5 0.001
MUAC (mm) 285±26.4 293±18.5 0.196 281±23 288±21 0.178
SSFT (mm) 23±5.1* 26.4±6.2 0.023 29±5.9 30±5.5 0.335
Fat (kg) 14.7±4.14 16.3±3.14 0.108 18.5±5.2 18.7±3.9 0.879
Glycemic and Lipid Profile
F G (mmol/l) 12.39±3.64* 4.95±0.39 0.001 11.3±3.3* 5.08±0.48 0.001
NEFA (mmol/l) 0.57±0.17* 0.41±0.14 0.001 0.69±0.20* 0.43±0.17 0.001
TC (mg/ml) 203±37 197±40 0.506 255±149* 195±29 0.008
TG (mg/dl) 222±134* 138±70 0.004 212±149* 97±42 0.001
HDL-C (mg/dl) 31±5.7 34±5.6 0.077 35±7.3* 44±7.4 0.001
LDL-C (mg/dl) 128±32 135±36 0.402 147±48 132±24 0.125
Insulinemic and Leptinemic Status
Insulin (pmol/l) 30 (14.7-87)† 26.1 (15-169)# 0.873 51(21-99) 44.17 (12.4-160) 0.581
HOMA %B 13.9 (4.2-75)* 66 (43-366) 0.001 23 (4.4-90)* 88 (36-254) 0.001
HOMA %S 100 (49-226) 159 (22-294) 0.149 75 (39-174)* 104 (31-308) 0.012
Leptin (ng/ml) 3.07 (0.65-7.5)*† 4.55 (1.36-21)# 0.007 11.3 (3.2-35)* 23.2 (4.7-55) 0.002
Leptin/Fat mass (kg) 0.20 (0.07-0.51)*† 0.32 (0.11-0.97)# 0.020 0.61 (0.25-1.57)* 1.25 (0.33-0.51) 0.001
Energy Intake And Expenditure Status
Carbohydrate (kcal/d) 852±285* 1273±297 0.001 1014±250* 887±218 0.044
Protein (kcal/d) 293±137 271±95 0.470 187±70 199±65 0.501
Fat (kcal/d) 468±124 473±161 0.901 440±165 379±81 0.083
Energy intake (kcal/d) 1170±551 2008±578 0.108 1305±379 1441±421 0.203
Energy Expenditure (kcal/d) 2140±344 2245±271 0.193 2034±316 1884±285 0.084
BMI= Body mass index; WHR= Wrist-hip ratio; MUAC= Mid Upper Arm Circumference; SSFT= subscapular skinfold thickness; FG=fasting glucose;
NEFA= non-esterified fatty acid; TC= total cholesterol; TG= triacyl glyceride; HDL-C= high density lipoprotein cholesterol; LDL-C= low density lipoprotein
cholesterol; HOMA % B= -cell functional deficiency; HOMA %S = -cell secratory function. “*” indicates statistical significance (P<0.05) difference with
respect to control subjects. “†”indicates statistical significance (P<0.05) difference with respect to diabetic female. “#”indicates statistical significance (P<0.05)
difference with respect to nondiabetic control female.

Fasting glucose, non-esterified fatty acid (NEFA) and leptin level was also observed [control male=4.55 vs.
triglyceride (TG)  of  diabetic subjects were significantly control female= 23.2.17; diabetic male=3.07 vs. diabetic
higher  than  those  of    nondiabetic  control  subjects. female =11.3]. Female diabetic subjects showed significant
But, total cholesterol (TC) was  significantly higher only decrease in insulin sensitivity (Indicated by HOMA% S)
in the diabetic female compared with their nondiabetic compared with their non diabetic counterparts (75 vs. 104;
counterparts (255±149 vs. 195±29; p=0.008). A p=0.012) in addition to significant -cell functional
concomitant significantly decreased level of HDL-C was deficiency (Indicated by HOMA% B). Male diabetic
observed in diabetic female compared to nondiabetic subjects also showed significant -cell functional
control female (35±7.3 vs. 44±7.4; p=0.001) but not in male deficiency (Indicated by HOMA% B) relative to non
subjects. diabetic control male (13.9 vs.66; p=0.001) but not

In case of plasma insulin levels significant gender significant insulin sensitivity (Indicated by HOMA% S).
variation was observed [Control male=26.1 vs. control Dietary protein and fat intake was nearly similar in
female= 44.17; diabetic male=30 vs. diabetic female =51]. diabetic and control group subjects. Carbohydrate intake
There was no significant variation between the control was significantly (P=0.001) lower in diabetic male but
males and diabetic males as well as control females and significantly (P=0.044) higher in diabetic female compared
diabetic females. It was found that all nondiabetic control with their nondiabetic counterparts. Although energy
subjects possessed a significantly high level of fasting expenditure in diabetic and nondiabetic subjects was
serum leptin and leptin/fat mass ratio than those of similar, energy intake was slightly higher in non diabetic
diabetic subjects. A significant gender variation of plasma control group subjects.
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Table 2: Bivariate correlation between fasting plasma leptin level and other baseline variables.
Male (n=60) Female (n=58)
-------------------------------------------------------------- ---------------------------------------------------------

Parameters Diabetic (n=29) Control (n=31) Diabetic (n=28) Control (n=30)
Variables r r r r
Age (years) 0.325 -0.20 0.274 0.093
BMI (kg/m ) 0.507* 0.524* 0.665* 0.3232

WHR 0.322 0.06 0.065 0.275
SSFT (mm) 0.515* 0.468* 0.405* 0.419*
MUAC(mm) 0.477* 0.482* 0.738* 0.454*
% of Body Fat 0.274 0.567* 0.481* 0.597*
Fat mass (kg) 0.421* 0.649* 0.668* 0.452*
NEFA(mmol/l) -0.06 -0.171 -0.067 -0.077
FG (mmol/l) -0.491* 0.051 -0.191 0.166
Insulin (pmol/l) 0.422* 0.530* 0.264 0.620*
HOMA %B 0.630* 0.406* 0.273 0.381*
HOMA %S -0.392* -0.492* -0.279 -0.483*
Carbohydrate (kcal/d) -0.265 -0.125 -0.163 0.481*
Protein (kcal/d) -0.234 -0.08 -0.119 0.225
Fat (kcal/d) -0.366* -0.129 0.083 -0.068
Total Intake (kcal/d) -0.415* -0.150 -0.138 0.448*
Energy (kcal/d) -0.425* -0.84 -0.236 0.370*
Energy Expenditure (kcal/d) 0.420 0.342* 0.336 0.248
, BMI= Body mass index; WHR= Wrist-hip ratio; MUAC= Mid Upper Arm Circumference; SSFT= subscapular skinfold thickness; FG=fasting glucose;
NEFA= non-esterified fatty acid; TC= total cholesterol; TG= triacyl glyceride; HDL-C= high density lipoprotein cholesterol; LDL-C= low density lipoprotein
cholesterol; HOMA % B= -cell functional deficiency; HOMA %S = -cell secratory function; r=Pearson’s correlation coefficient. “*” indicates statistical
significance (P<0.05) correlation with leptin levels.

The results of the bivariate correlation study have The findings from the bivariate correlation analyses
been summarized in Table 2. Bivariate correlation study were further explored using multivariate analyses to
showed a significant  positive correlation of fasting control for successively introduced potential
plasma leptin levels with subcscapular skin fold thickness confounders. Multivariate regression analysis showing
(SSFT), medium upper arm circumference (MUAC), % of the association between serum leptin levels and
body fat and fat mass among all subjects. Except non anthropometric, biochemical and macro-nutritional and
diabetic female subjects, fasting plasma leptin showed a parameters is presented in Table 3 and Table 4.
significant positive association with BMI in all subjects. In multiple regressions model leptin was taken as
A  significant  negative correlation between  the  leptin dependant variable and gender, diabetes, WHR,
and fasting glucose levels was found in diabetic male subcscapular skin fold thickness (SSRF), fasting insulin
only. In all study subjects but diabetic female, insulin as independent variables (Table-3). Multivariate adjusted
levels and -cell functional deficiency (HOMA %B) serum leptin levels were significantly related to sex
exhibited a significant positive association with leptin (Negative relation;  = -0.488; P < 0.001), diabetes
levels. Except diabetic female, a significant negative (Negative relation;  = -0.235; P < 0.001), fat mass
association of leptin with insulin sensitivity (HOMA %S) (Positive relation;  = -0.301; P < 0.001), SSRF (Positive
was found in all study subjects. Although total dietary relation;  = 0.122; P < 0.040) and insulin (Positive
intake and energy intake showed a significant negative relation;  = 0.188; P < 0.001). These variables together
correlation with leptin levels in diabetic male, they showed explained 78.4% of variation of leptin. There was no
significant positive association with leptin levels in significant association between adjusted serum leptin
diabetic female. Furthermore, leptin levels showed a concentrations  and  WHR  (P  = 0.188) and energy intake
significant positive association with carbohydrate intake (P = 0.173). These variables together explained 78.4% of
only in female controls and with energy expenditure only variation of leptin.
in diabetic male. A significant negative correlation was In another  multiple  regressions model fat
found between dietary fat and leptin levels in diabetic normalized leptin was taken as dependant variable and
male. gender,  diabetes, WHR, subcscapular skin fold thickness
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Table 3: Multiple regression analysis of the association of serum leptin with
variables of interest in the total subjects.

Variables  coefficient P value
Sex -0.488 < 0.001
Diabetes -0.235 < 0.001
Fat mass 0.301 < 0.001
WHR 0.068 0.181
SSFT 0.122 0.040
Insulin (pmol/l) 0.188 < 0.001
Energy intake -0.069 0.173
Adjusted R 0.7842

WHR= Wrist-hip ratio; SSFT= subscapular skinfold thickness;
=Standerdized regression coefficients; Adjusted R Multiple coefficient of2=

determination.

Table 4: Multiple regression analysis of the association of fat normalized
leptin with variables of interest in the total subjects.

Variables  coefficient P value
Sex -0.618 < 0.001
Diabetes -0.086 0.406
WHR 0.075 0.209
SSFT 0.144 0.025
HOMA % B 0.269 0.013
HOMA% S -0.122 0.062
Adjusted R 0.7062

WHR= Wrist-hip ratio; SSFT= subscapular skinfold thickness; HOMA %
B= -cell functional deficiency; HOMA %S = -cell secratory function;

=Standardized regression coefficients; Adjusted R Multiple coefficient of2=

determination.

(SSRF), HOMA% B and HOMA% S as independent
variable (Table 4). Multivariate adjusted serum leptin
concentrations  were  significantly related  to  sex
(negative relation;   =  -0.618;  P  <  0.001), SSRF
(positive relation;  = 0.144; P < 0.025), HOMA% B
(Positive relation;  = 0.269; P < 0.013) and HOMA% S
(Negative relation;  = -0.122; P < 0.013). There was no
significant   association    between   adjusted  serum
leptin concentrations and WHR (P = 0.209) and diabetes
(P = 0.406). These variables together explained 70.6% of
variation of leptin.

DISCUSSION

The regulation   of  leptin  in different populations
has still not been fully understood and the role of
different modulators of leptin levels seems to have ethnic
vitiation [11]. Bengalis form a major racial group with
around  207  million  people worldwide,  constituting
about 3.4% of the world population [17]. Thus, the
present case-control study was designed to measure
serum leptin concentration in  age,  sex and weight
matched Bangladeshi T2DM and nondiabetic and to

evaluate whether serum leptin levels are associated with
anthropometric and metabolic covariates as well as calorie
intake in these subjects.

The basal serum leptin levels of Bangladeshi diabetic
population were lower than those of normal population.
Leptin levels were also lower in diabetic male as compared
to diabetic female counterpart. But fat mass and SSRT
were significantly different. A similar scenario regarding
leptin status was found between nondiabetic male and
female.

Serum leptin level was found to be significantly
associated with BMI, fat mass, % of body fat, SSFT and
MUAC in both T2DM and controls. But, except for the fat
mass and SSFR, other parameters were potential
confounders regarding leptinemic status (Table-2, 3, 4).
However, fat mass and SSFT difference might be
representation of gender variation, while fat mass
represents the degree of adiposity [18]. Thus, gender as
well as degree of adiposity has major influence on
leptinemic status in both diabetic and nondiabetic
population of Bangladesh. Anthropometric parameter
analysis indicated to emphasize the clinical finding to
explain the leptinemic status related observation. Among
the biochemical  parameters studied, fasting glucose,
non-esterified fatty acid (NEFA) and triglyceride (TG)
were significantly higher in diabetic subjects compared to
nondiabetic subjects. A non significant association of
NAFA with leptin level diminishes the probable impact of
serum free fatty acid as well as triglyceride on leptin
status. Therefore, the present observation can be
explained by failure of insulin to suppress the release of
non-esterified fatty acids from intra-abdominal fat cells,
which lead to increased hepatic synthesis of VLDL
triglycerides [19]. On the other hand, serum LDL-C and
total cholesterol had  no significant association with
leptin  in  bivariate  as  well  as   multivariate  analysis
(Data not shown). Thus, fasting glucose level remains as
the clinical parameter that might have influence on
leptinemic status though high blood glucose level is a
presentation of diabetes [2].

Thus, our most important observation during the
study was that -cell dysfunction (HOMA% B) was
associated with diabetic male and female population
though insulin sensitivity (HOMA% S) status was
significantly different in diabetic females. Leptinemic
status was positively associated with HOMA% B (P<0.05)
but  negatively  associated  with HOMA% S (P<0.05).
This observation covers ~ 77% of study population
(Without female diabetic subjects). But consideration of
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sex, glycemic group, wrist-hip ratio, body fat and energy rather than central obesity which plays the dominant role
intake diminish the impact of HOMA% S on insulin in determining serum leptin levels. Type 2 diabetes
sensitivity (Table-4). Interestingly, effect of HOMA% B mellitus induces hyperglycemia and hypoleptinemia,
on leptin concentration variation was found to be which  are  associated   with -cell  dysfunction
stronger than that of HOMA% S. Because covariate (Indicated by HOMA% B) rather than insulin resistance
adjustment for sex, diabetes, WHR, SSFT and HOMA% (Indicated by HOMA% S). Serum leptin and its covariates
S, fat normalized leptin remained a significant correlation may not have  group  independent association with
with HOMA% B. From all these clinical findings, we dietary energy intake.
speculated that -cell function (HOMA% B) might be a
striking biochemical feature that is under potential REFERENCES
influence of serum leptin concentration in at least
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