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ABSTRACT

Background: Hyperleptinemia, associated with obesity which is a major risk factor for metabolic syndrome. Kerala
has the highest prevalence of most of the cardio metabolic disorders and risk factors. So we analysed the ability of
serum leptin level to predict the risk of developing metabolic syndrome among the adult population in Kerala, India.
Methods: The study included 149 men and 155 women in the age group of 20-60years. Anthropometric
measurements and Blood pressure were recorded. BMI and WHR were calculated. Fasting blood sample was used to
measure serum leptin, insulin, lipid profile and glucose. HOMA-IR and HOMA-B were calculated. Baseline
characterestics (means + SEM) of men and women were examined by quartiles of serum leptin levels using ANOVA.
The strength of association between leptin and components of metabolic syndrome was expressed as Odds Ratio (OR)
using logistic regression analysis. p values <0.05 were considered significant.

Results: In men and women, participants in the upper leptin quartiles were more likely to have factors associated with
metabolic syndrome including waist circumference, systolic BP, decreased HDL cholesterol etc. Furthermore, those
with metabolic syndrome were more likely to be in the upper leptin quartiles. On multivariate binary logistic
regression analysis of leptin, the OR was: BMI (OR=3.51), waist circumference (OR=3.14), insulin (OR=4.43), and
HOMA-IR (OR=2.4) in men, while in women the association of leptin was strong with abdominal obesity (OR=7.6),
insulin (OR=2.8) and Insulin resistance (OR=4.1).

Conclusions: Serum leptin levels had a strong association with components of metabolic syndrome, especially
abdominal obesity and insulin resistance. Elevated leptin level should be taken as a warning sign of metabolic
syndrome.
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INTRODUCTION

Leptin, a 16kDa cytokine hormone secreted by
adipocytes in proportion to body fat acts as sensor of the
energy balance by influencing appetite." Leptin was first
identified as the product of a gene designated ob (obese)
in laboratory mice.? Obese humans present with
hyperleptinemia as an indicator of leptin resistance which

plays a major role in the pathogenesis of obesity.®
Obesity has a central role in the incidence of metabolic
syndrome, characterized by a clustering of metabolic
abnormalities which leads to increased cardiovascular
diseases all-causes morbidity and mortality. The
prevalence of metabolic syndrome is greater in obese
individuals, but not all obese subjects suffer from
metabolic syndrome and non-obese subjects may also be
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affected.” South Indians have a high tendancy to develop
metabolic syndrome, which may be due to an increase in
the body fat, in particular abdominal fat.>° Considine et al
reported elevated leptin levels in obese humans which
was most closely correlated with body fat percentage.’
Obesity is known to be associated with insulin resistance,
hypertension and dyslipidemia.”® Recent studies have
reported a positive correlation of insulin resistance with
leptin.*°

The five generally accepted features of metabolic
syndrome are obesity, insulin resistance, dyslipidemia,
impaired  glucose tolerance and  hypertension.
Specifically, a three- fold increase in the prevalence of
metabolic syndrome is associated with a two- fold
increased risk of cardiovascular disease fatality, 150%
increase in total mortality, and a five-fold increased risk
of diabetes mellitus."* Because metabolic syndrome is
associated with increased risk for CVD and diabetes
mellitus, early diagnosis of metabolic syndrome and
resultant intervention strategies may help to reduce the
incidence of these associated diseases.™

Many studies reported the association of leptin with
obesity, insulin resistance, hypertension etc. All of these
elements influence the atherogenic process and need to be
prevented or treated, in order to reduce the already high
prevalence of cardio vascular diseases and type 2 diabetes
in Kerala. So we analysed the ability of serum leptin to
predict the risk of developing metabolic syndrome in the
adult population in Kerala, India.

METHODS

The study conducted was a cross-sectional analytical
study. The study population consisted of 149 men and
155 women aged 20-60 years, selected from Obesity
clinic, Government Medical College, Trivandrum and
Sree Gokulam Medical College and Research Foundation
(SGMC&RF), Venjaramoodu, Trivandrum, India. Mean
age was 39years with no significant difference between
genders. Those subjects with a history of medication for
diabetes, hypertension, dyslipidemia etc. and those with
liver diseases, renal diseases or thyroid dysfunction were
excluded from the study.

Anthropometric measurements and blood pressure were
recorded. BMI and WHR were calculated. Fasting blood
sample was used to measure serum leptin, insulin, lipid
profile and glucose. An informed consent and a detailed
proforma including socio economic details, life style
habits, family history of diseases etc. was obtained from
each participant.

Analytical methods

Fasting blood samples were obtained and the biochemical
parameters such as glucose, total cholesterol,
triglycerides, HDL cholesterol were estimated by
colorimetric enzymatic methods in ‘Siemens Dimension’

fully auto-analyzer using Flex reagent cartridges. LDL
cholesterol was calculated by Friedewal’s formular.®®
Sandwich ELISA Kits were used to measure serum leptin
(BioVendor, Czech Republic, EU) and insulin (DRG,
USA).2%

The inter-assay and intra —assay coefficients of variation
(CV) for leptin were 8.6% and 6.9% respectively with a
sensitivity of 1ng/ml and that for insulin were 6% and
1.8% respectively with a sensitivity of 1.76plU/ml.
Homeostatic Model Assessment of Insulin Resistance
(HOMA -IR) score and HOMA-B cell function were
callc;ulated using the formula proposed by Matthews et
al.

HOMA-IR=[(fasting serum insulin concentration in
micro U/l X fasting blood glucose in mg/dl) /405]

HOMA-B=[360X insulin (mU/ml)/ (glucose(mg/dl)-63)].
Definitions and reference values

Metabolic syndrome was defined according to the
National Cholesterol Education Program, adult treatment
panel 11l (NCEP ATP III), with modifications for Asian
Indians as the presence of 3 or more of the 5 risk
components as follows: 1) waist circumference >90cm
for men and >80cm for women; 2) Triglycerides>
150mg/dl; 3) HDL-Cholesterol <40mg/dl for men and
<50mg/dl for women; Blood Pressure >130/85mmHg; 5)
Fasting Plasma Glucose >100mg/d1.***’

Statistical analysis

Statistical analysis was performed using SPSS windows
version 17. Baseline characteristics (means + SEM) of
men and women were examined by quartiles of serum
leptin levels using ANOVA to study the predictive power
of leptin in the incidence of metabolic syndrome. The
strength of association between leptin and components of
metabolic syndrome was expressed as Odds Ratio (OR)
using logistic regression analysis. Variables showing a
statistically significant association with elevated leptin
levels on univariate binary logistic regression were
analysed by multivariate logistic regression. p value
<0.05 was considered statistically significant for all
analyses.

RESULTS

The characterestics (meanstSEM) of male and female
participants stratified by leptin quartiles are shown in
Table 1 and 2 respectively. In men and women,
participants in the upper leptin quartiles were more likely
to have factors associated with metabolic syndrome. No
significant difference in fasting plasma glucose, HOMA —
B and lipoproteins were observed in males. Among
females, no difference was observed in HOMA- B only.
On multivariate binary logistic regression analysis, the
variables associated with high leptin levels were BMI
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(OR=3.51), hyperinsulinemia (OR=4.43) in men (Table fat percentage (OR=5.92), Insulin resistance (OR=4.1),
3), while in women, abdominal obesity (OR=7.6), body cholesterol (OR=3.24) (Table 4).

Table 1: Characteristics of study population according to leptin levels for males.

Study variables P value
BMI (kg/m?) 22.0+0.5 235104 25.9 £0.4 29.1 £0.6 0.000
Waist circumference (cm) 84.8+1.4 88.8+1.2 94.9+1.2 101.9+1.6 0.000
Hip circumference (cm) 92.1+1.2 959+1 99.8+1.4 105.1+1.6 0.000
WHR 0.9+0.0 0900 1.0£0.0 1.0+0.0 0.000
Systolic BP (mmHg) 116.8+1.8 121.2 +2.4 1245 +2.6 125.7+ 2.1 0.026
Diastolic BP (mmHg) 77.3+1.4 79.8 +1.5 82.3 1.7 82.9+1.8 0.062
Insulin (IU/ml) 16.8+2.7 17.8 2.1 27.8 +4.1 43.2 +4.6 0.000
HOMA-IR 4.1+0.7 4.5+0.6 7.7+1.4 11.6+1.6 0.000
HOMA (%) 276.5+71.5 259.3+34 355.2+75 439449 0.130
FBS (mg/dl) 97.2+4.1 102.9+6.4 102.745.2 104.1+3.6 0.765
Total cholesterol (mg/dl) 200.9£7.6 212+7.1 223.1+7 205.946.3 0.143
Triglycerides (mg/dl) 113.1+10.2 149.4+15.9 143.6+8.7 145.4+16 0.190
HDL cholesterol (mg/dl) 47.5+1.8 48.1+1.7 47.642.2 44.9+2.1 0.668
LDL cholesterol (mg/dI) 131.7+7 134.7+44.5 146.2+41.7 128.6+6.3 0.291
HDL/LDL ratio 0.4 +0.0 0.4 +0.0 0.4 +0.0 0.4 +0.0 0.744

Data expressed as mean+SEM. Study subjects were grouped in to quartiles (Q1-Q4), according to leptin levels(Q1 <3.59, Q2 is 3.59 -
7.98, Q3 is 7.98 -19.02 and Q4 >19.02) for males. Analysis was done by ANOVA.

Table 2: Characteristics of study population according to leptin levels for females.

Study variables

BMI (kg/m?) 20.8+0.7 23.9+0.5 26.9+0.6 29.5+0.6 0.000
Waist circumference (cm) 77.6£1.7 85.8+1.6 91.9+1.8 100.8+£1.3 0.000
Hip circumference (cm) 87.5+1.5 94.8+1.6 100.3+1.6 107.4+1.1 0.000
WHR 09+0.0 09+0.0 0.9+0.0 0900 0.016
Systolic BP (mmHg) 113+2.4 117+1.7 120.3+1.8 123.7+2.9 0.010
Diastolic BP (mmHg) 72.6x1.4 76.8+1.2 79.4+1.4 79.1+2.0 0.006
Insulin (uIU/ml) 11.9+1.4 18.7£1.9 32.4+4 37.9%3.2 0.000
HOMA-IR 2.6+0.3 4.3+0.5 9.5+1.6 10.3+£1.0 0.000
HOMA-B (%) 331.4%97.9 239.4%34.5 377.5+£71.8 384.9+44 0.396
FPG (mg/dl) 85+1.8 90.4+2.1 108.9+6.1 110.245.9 0.000
Total cholesterol (mg/dl) 190.4+5.7 207.5%6.6 108.9+6.1 110.2+5.9 0.028
Triglycerides (mg/dl) 75.345.7 80.6+6 108.4+8.3 100.9+6.8 0.001
HDL cholesterol (mg/dl) 60.6+2.2 57.3+£2.2 50.7+2 52.1+2 0.003
LDL cholesterol (mg/dl) 114.3+5.5.0 133.9+6.0 134.6+4.8 143.9+6.5 0.004
HDL/LDL ratio 0.6 +0.0 0.5 +0.0 0.4 +0.0 0.4 +0.0 0.000

Data expressed as mean+SEM. Study subjects were categorized in to quartiles (Q1-Q4), according to leptin levels(Q1 <11.31, Q2 is
11.31-28.01, Q3 is 28.01 -84.49 and Q4 > 84.49) for females. Analysis was done by ANOVA.

Table 3: Binary logistic regression analysis of leptin levels with study variables in males.

Study variables ~ OR univariate analysis ~ OR multivariate analysis |
BMI 13.1 3.51

Waist circumference (cm) 8.9 1.21

Insulin (uIU/ml) 5.2 4.4

HOMA-IR 3.4 2.4

Systolic BP(mmHg) 3.3 1.32
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Table 4: Binary logistic regression analysis of leptin levels with study variables in females.

Study variables

BMI 10.95
Waist circumference (cm) 20.6
Insulin (uIU/ml) 18.9
HOMA-IR 13.6
DISCUSSION

Recent Studies in Kerala reported that the prevalence of
metabolic syndrome is higher among obese patients than
non-obese subjects.’® Studies reported that hyper-
leptinemia is usually associated with human obesity and
should be considered to be a biomarker of obesity.***°

The present study also supports this finding as evidenced
by the significant increase in BMI with serum leptin.
Leptin is secreted in response to body fat, thus acts as a
regulator of body weight.®® High levels of serum leptin
leads to reduced appetite with increased energy
expenditure, while low levels of leptin reflecting weight
loss increase appetite and reduce energy expenditure. But
in obese subjects, this mechanism is impaired due to
leptin resistance.?

The present study is different in that it studied the
association of serum leptin with components of metabolic
syndrome in the adult population at different levels of
leptin. In contrast, many studies have investigated these
relationships in obese and normal individuals.?

In the present study the increase in BMI from the first to
forth quartile of leptin levels was statistically significant
(p<0.000), indicating the role of leptin as a biomarker of
obesity. With the exception of HDL-cholesterol, the
study variables showed a statistically significant increase
from the first to the forth quartile of leptin levels. In
women the lipoproteins show a statistically significant
difference among the different quartiles of leptin levels
but such a difference was not seen in men.

Hyperinsulinemia and insulin resistance showed a
statistically significant increase with increase in serum
leptin levels in both men and women. But there was no
statistically significant difference in the rate of secretion
of insulin, expressed as HOMA-B with different leptin
levels in men and women. This is in agreement with
recent studies reporting the strong association of leptin
with insulin resistance.”® In adipocytes, leptin inhibits
glucose uptake, impairs lipogenesis, and inhibits
lipolysis.?* But in hepatocytes, leptin triggers insulin-like
effects through regulating insulin signalling pathways;
thus making the hepatocytes more sensitive to insulin.?
On logistic regression analysis of the data,
hyperinsulinemia and insulin resistance are found to be
the components of metabolic syndrome having strong

OR univariate analysis

OR multivariate analysis
0.463

7.6

2.83

4.1

association with leptin. Present results demonstrate that
as the concentration of serum leptin increases the number
of determinants of metabolic syndrome increases. So it is
clear that serum leptin can be considered an additional
component of metabolic syndrome.

CONCLUSION

Human obesity is associated with hyperleptinemia.Leptin
levels were significantly associated with metabolic
syndrome especially, abdominal obesity and insulin
resistance. Serum leptin levels could predict metabolic
syndrome; therefore, analysis of leptin as part of routine
physical examination could be beneficial in the early
diagnosis of metabolic syndrome. Moreover, the
reduction of serum leptin levels may confer
cardiovascular and metabolic protective effects.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Monica Mars, De Graaf C, CPGM De Groot, CTM
Van Rossum, Kok FJ. Fasting leptin and appetite
responses induced by a 4-day 65%-energy-restricted
diet. International Journal of  Obesity.
2006;30(1):122-8.

2. ZhangY, Proenca R, Maffei M, Barone M, Leoplod
L, Friedman JM. Positional cloning of the mouse
obese gene and its human homologue. Nature.
1994;372(6505):425-32.

3. Considine RV, Sinha MK, Heiman ML, Kriauciunas
A, Stephens TW, Nyce MR, et al. Serum
immunoreactive leptin concentrations in normal-
weight and obese humans. New England Journal of
Medicine. 1996;334:292-95.

4. Reilly MP, Rader DJ. The metabolic syndrome:
More than the sum of its parts? Circulation.
2003;108:1546-51.

5. Deurenberg Yap M, Chew SK, Deurenberg P.
Elevated body fat percentage and cardiovascular
risks at low body mass index levels among
Singaporean, Chinese, Malays and Indians. Obes
Rev. 2002;3:209-15.

6. Rush E, Plank L, Chandu V, Laulu M, Simmons D,
Swinburn B, Yajnik C. Body size, body
composition and fat distribution : a comparison of

International Journal of Research in Medical Sciences | September 2016 | Vol 4 | Issue 9  Page 3991



10.

11.

12.

13.

14.

15.

16.

Sudharmadevi MK et al. Int J Res Med Sci. 2016 Sep;4(9):3988-3992

young New Zealand men of European, Pacific
Island and Asian Indian ethnicities. N Z Med J
2004;117(1207):U1203.

Kim B, Feldman EL. Insulin resistance as a key link
for the increased risk of cognitive impairment in the
metabolic syndrome. Exp Mol Med. 2015;47:e167.
Ajay KT, Vatsala AR, Suresh Y Bondade, Sonam
D, Sangam. Effect of obesity in cardiovascular
Functions in Adolescent Male. J Pharm Sci & Res.
2014;6(3):164-66.

Klop B, Elte J W, Cabezas M C. Dyslipidemia in
obesity: mechanisms and potential targets.
Nutrients. 2013;5(4):1218-40.

Yadav A, Jyoti P, Jain SK, Bhattacharjee J.
Correlation of adiponectin and leotin with insulin
resistance: A pilot study in healthy North Indian
population. Indian J Clin Biochem. 2011;26(2):193-
6

Eckle RH, Grundy SM, Zimmet PZ. The metabolic
syndrome. Lancet. 2005;365(9468):1415-28.
Galassi A, Reynolds K, He J. Metabolic syndrome
and risk of cardiovascular disease : a meta-analysis.
Am J Med. 2006;119(10):812-19.

Friedwald WT, Levy RJ, Fredrickson DS.
Estimation of the concentration of LDL-cholesterol
in plasma without use of preparative ultracentrifuge.
Clin Chem. 1972;18:499-502.

Flier JS, Kahn CR, Roth J. Receptors, antireceptor
antibodies and mechanisms of insulin resistance . N
Eng J Med. 1979;300(8):413-9.

Matthews DR, Hosker JP, Rudensky AS, Naylor
BA, Treacher DF, Turner RC. Homeostasis model
assessment: insulin resistance and beta cell function
from fasting plasma glucose and insulin
concentrations in man. Diabetologia. 1985;28:412-
9.

National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation and
Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel I11). Third report of the
National Cholesterol Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel 11)
final report. Circulation. 2002;106:3143-421.

International Journal of Research in Medical Sciences | September 2016 | Vol 4 | Issue 9  Page 3992

17.

18.

19.

20.

21.

22.

23.

24,

25.

Misra A, Misra R, Wijesuriya M, Banerjee D. The
metabolic syndrome in South Asians: Continuing
escalation and possible solution.Ind J Med Res
2007;125:345-54.

Sreekumar B, Sam Jacob, Allena Elza Varghese,
Sharlet George. A study of Metabolic Syndrome in
obese patients in a teaching hospital in Kerala. J
Evolution of Med and Dental Sci. 2014;3(20):5534-
40.

Ramachandran A, Snehalatha C, Vijay V, Satyavani
K, Latha E, Haffner SM. Plasma leptin in non-
diabetic Asian Indians: Association with abdominal
adiposity. Diabet Med. 1997;14:937-41.

Ahima RS, Prabakaran D, Flier JS. Leptin. Annu
Res Physiol. 2000;62:413-37.

Myers MG, Michael A. Cowley and Heike
Munzberg. Mechanisms of leptin action and leptin
resistance.  Annual Review of Physiology
2008;70:537-56.

Leon-Cabrera S, Solis-Lozano L, Suarez-Alvarez K,
Gonzalez-Chavez A, Bejar YL, Robles-Diaz G et al.
Hyperleptinemia is associated with parameters of
low-grade systemic inflammation and metabolic
dysfunction in obese human beings. Frontiers in
Integrative Neuroscience. 2013;7:62.

Wang T, Chang W, Chiu Y, Lee C, Lin K, Cheng
YY, et al. Relationships between changes in leptin
and insulin resistance levels in obese individuals
following weight loss. The Kaohsiung J of Medical
Sciences. 2013;29(8):436-43.

Muller G, Ertl J, Gerl M, Preibisch G. Leptin
impairs metabolic action of insulin in isolated rat
adipocytes. J Biol Chem. 1997;272(16):10585-93.
Rhao AZ, Shinochara MM, Huang D, Shimizu M,
Eldar-Finketman H, Krebs EG, et al. Leptin induces
insulin-like signalling that antagonizes cAMP
elevation by glucagon in hepatocytes. J Biol Chem
2000;275(15):11348-54.

Cite this article as: Sudharmadevi MK,
Lekshminarayan V, Balakumaran LK, Trivikrama
SK. Hyperleptinemia - an independent predictor of
metabolic syndrome in the adult population in
Kerala, India. Int J Res Med Sci 2016;4:3988-92.




