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Abstract

Background: Obesity along with hypertension is the common risk factor for the development of cardiovascular
disease. Leptin, an anti-obesity hormone, is currently considered to play a vital role in the development of hyperten-
sion in obesity. We aim to determine the leptin levels in hypertensive and normotensive participants and to find the
correlation between leptin and hypertension in obese and non-obese hypertensive subjects.

Material and methods: A total of 94 participants aged > 18 years of either gender were included in the study. The
participants were divided into obese (n = 55) and non-obese (n = 39) groups with further subgroups based on pres-
ence or absence of hypertension. Height, weight and blood pressure were taken with standard methods. Leptin was
determined using ELISA method and intra and inter-group comparisons were made.

Results: The leptin levels were significantly higher in obese (p = 0.000), hypertensive (p = 0.048) and females
(p =0.001) compared to non-obese, normotensive and male participants. Furthermore, obese hypertensive partici-
pants were having higher leptin levels compared to obese normotensive participants but with no statistical signifi-
cance (p = 0.14). Serum leptin levels positively correlated with serum LDL (p = 0.003), body mass index (BMI)
(p = 0.000), serum uric acid (p = 0.034) and fasting plasma glucose (FPG) (p = 0.001). However, on correction for
factors like BMI, and obesity, positive correlation persisted only for female gender (p = 0.048) and FPG (p = 0.029).
Furthermore, BMI (p = 0.021) and FPG (p = 0.027) were found to be the independent risk factors for elevated
leptin levels on multiple regression analysis.

Conclusions: Our study concluded that serum leptin levels are higher in obesity and have a direct correlation with
degree of obesity. However, our study does not support any direct correlation between serum leptin and hypertension.
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Introduction

Obesity is a global epidemic and is thought to be
one of the most neglected public health problems
threatening the goal of achieving a healthy society
as a result of its association with group of chronic
diseases and along with hypertension, is the common
risk factor for the development of cardiovascular dis-

ease. The two are intimately associated in individual
patients with metabolic syndrome in addition to
cluster of adverse health factorslike insulin resistance,
hyperinsulinemia and hyperlipidemia [1].

Excessive adiposity, characteristic feature of obe-
sity is now considered an endocrinologicaly active
organ [2] secreting large number of metabolically
active peptides including angiotensin II, resistin,
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adiponectin and leptin. These metabolites act lo-
cally to have an effect on growth and differentiation
of adipocytes in addition to participate in possible
regulation of blood pressure and the development of
obesity-related elevated blood pressure on being re-
leased into the blood circulation. Of all these factors,
the role of leptin has generated lot of enthusiasm as
an important hormone with significantly diverse ac-
tions on several organ systems [3, 4].

Leptin, an anti-obesity hormone owing to its ac-
tion on increasing the satiety and decreasing the
adipose tissue mass, is also involved in the promo-
tion of increased arterial pressure via multiple physi-
ological processes like sympathetic nervous system
activation leading to increased fluid retention and
vasoconstriction, activation of the renin-angiotensin
system, renal hemodynamics (natriuresis and nitric
oxide production), insulin resistance and hyperinsu-
linemia [5].

However, the concept of selective leptin resistance
in obese individuals in particular to the central ac-
tions on the satiety and weight decreasing effect of
the leptin hormone [6], with preserved leptin-me-
diated sympathetic activation possibly contribute to
the pathogenesis of obesity related hypertension [7].

Understanding the role of leptin in hypertension
and its correlation with obesity- related hypertension
might provide a more rational basis for management
especially drug treatment of obesity-related hyper-
tension [8—10]. Therefore, the present study was
undertaken to determine the level of leptin hormone
in hypertensive and normotensive Kashmiri subjects
and to find the correlation between leptin & hyper-
tension in obese and non-obese subjects.

Material and methods

The study was a hospital based, cross sectional, ob-
servational and case- control study carried in the
Department of Medicine at Sher-i-Kashmir Institute
of Medical sciences over a period of two years in
accordance with the Declaration of Helsinki state-
ment for medical research involving human subjects.
The study was approved by the Institutional Ethical
Committee. A well informed consent was obtained
from all participants. A total of 94 participants
aged > 18 years of either gender (45 men and 49
women) were included in the study and were divided
into obese (n = 55) and non-obese (n = 39) groups.
They were further categorized in subgroups as obese
normotensive (n = 27), obese hypertensive (n = 28),
non-obese normotensive (n = 23), and non-obese
hypertensive (n = 16).

Anthropometry and blood pressure
measurement

Anthropometric measurements like height, and
weight were taken with standard methods (11).
BMI was calculated as per criteria given by Inter-
national Obesity Task Force (IOTF) and World
Health Organization (WHO). Participants with
BMI > 25 kg/mz, 23-24.9 kg/m2 and 18.5-22.9
kg/ m’ were considered as obese, overweight and as
normal respectively [12]. Blood pressure (BP) mea-
surement was done with mercury sphygmomanom-
eter using auscultatory technique as in standard
clinical practice [13]. The status of hypertension of
the participants was classified according the stan-
dard criteria formulated by Joint National Com-
mittee (JNC)-VIII [14]. Systolic BP (SBP) level
of 2 140 mm Hg and diastolic BP (DBP) 2 90 mm
Hg were considered hypertensive. All patients with
confirmed hypertension were investigated accord-
ing to the standard protocol.

Biochemical and leptin evaluation
Biochemical investigations like complete blood
count, renal and liver function, fasting blood glu-
cose and lipid profile were carried out on venous
blood collected after an overnight fast. Serum was
separated and stored at —70°C. Leptin ELISA kit
manufactured by Ray Biotech USA was used to es-
timate Leptin level by sandwich ELISA [15-17].
We assayed levels of serum leptin in both obese and
non-obese hypertensive and normotensive partici-
pants and intra- and inter-group comparisons were
made. The impact of BP and BMI on leptin levels

was also evaluated.

Statistical analysis

The obtained data were first entered into Micro-
soft Excel datasheets. All statistical analyses were
performed using the SPSS version 20 Armonk,
NY: IBM Corporation, United States. The nor-
mality of the distribution of each variable was
checked. The data were analyzed using the inde-
pendent student’s t-test and one-way ANOVA,
along with multiple range tests and was expressed
in the form of mean + standard deviation. The
comparison of categorical data parameters was
performed by using the y° test. A p value < 0.05
was considered statistically significant.Multiple
logistic regression analysis was carried out using
serum leptin level as the dependent variable while
age, gender, BMI, hypertension, FPG, HDL-cho-
lesterol, serum cholesterol, serum triglycerides
and LDL-cholesterol were taken as the indepen-
dent variables.
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Results

Ninety-four participants (45 men and 49 women)
with no concomitant disease like diabetes mellitus,
hypothyroidisms were included in this study. These
participants were further subdivided into obese
(n = 55) and non-obese (n = 39) based on the BMI.
They were further categorized in subgroups as obese
normotensive (n = 27), obese hypertensive (n = 28),
non-obese normotensive (n = 23), and non-obese
hypertensive (n = 16). Comparison of normotensive
and hypertensive individuals revealed that hyper-
tensive participants were significantly older and had
significantly higher levels of creatinine, serum uric
acid and serum leptin levels (Tab. 1). Similarly on
comparing obese with non-obese individuals, obese
individuals were found to have significantly higher
levels of serum cholesterol, serum triglycerides, serum
LDL-cholesterol and serum leptin levels (Tab. 1). Hy-
pertensive obese individuals were significantly older
and had higher serum creatinine and serum uric acid
levels when compared to normotensive non-obese.
Serum leptin levels were higher among obese hyper-
tensive cohort compared to non-obese hypertensives
but didn’t reach the statistical significance (Tab. 2).
Furthermore serum leptin levels were significantly
higher in females compared to males (39.55 + 18.34
vs. 14.27 + 8.16; p = 0.001). Serum leptin levels in
the studied participants are depicted in Figure 1.

Serum leptin levels positively correlated with
weight (r = 0.338, p = 0.003), BMI (r = 0.523,
p =0.000), serum LDL (r = 0.339, P = 0.003), serum
uric acids (r = 0.247, p = 0.034) and FPG (r = 0.376,
p = 0.001). On correction for factors like weight,
BMI and obesity, positive correlation persisted only
for female gender (r = 0.235, p = 0.048) and FPG
(r=0.260, p = 0.029).

Multiple logistic regression analysis revealed BMI
(OR = 2.67, p = 0.021) and FPG (OR = 1.66,
p = 0.027) as the risk factors for leptin levels.

Discussion

The present study was carried out to determine
whether there is significant difference between the se-
rum leptin levels in obese and non-obese patients on
one hand and hypertensive and normotensive obese
patients on the other hand. Leptin has been found to
have strong correlation with degree of adiposity, but
whether this high leptin levels contribute indepen-
dently to elevated blood pressure is not known [18].
A good number of studies have observed a strong
correlation between leptin and hypertension in ani-
mals as well as humans implicating leptin to have
a significant contribution in the pathophysiology
of obesity induced hypertension [19-25], however,
some studies were not able to demonstrate the same

Table 1. Comparative analysis of anthropometric, clinical and biochemical parameters among hypertensive vs normotensive and obese and
non-obese subjects

Variables Hypertensive Normotensive p value Obese Non-obese p value
(n = 44) (n = 50) (n = 55) (n = 39)

Male (n) 19 26 20 25

Female (n) 25 24 35 14

Age [years] 505 =11.4 43.3 =101 0.002* 46.2 = 11.6 474 =111 0.605

Weight [kg] 71.9 =131 M3 *£147 0.815 80992 58.41 + 6.58 0.000%
Height [cm] 159.7 7.2 160.4 = 8.2 0.687 158.8 = 7.8 161.8 = 7.3 0.059

BMI [kg/m’] 28.4 £5.7 27.8+5.9 0.648 223+19 322 +338 0.000%
SBP [mm Hg] 160.3 = 6.5 117.6 5.5 0.000% 140.5£21.9 1336 £22.2 0.132

DBP [mm Hg] 92.6 = 3.2 76.2 = 4.6 0.000* 85.2 + 85 820+ 9.8 0.092

Cholesterol [mg/dL] 171.8 = 49.8 174 .0 = 43.7 0.818 194.3 £45.1 143.0 = 28.31 0.000%
Triglyceride [mg/dL] 194.3= 87.1 167.9 = 61.9 0.091 207.2 £ 79.7 142.4 = 49.5 0.000*
HDL [mg/dL] 40.1 £ 8.7 39.1 £ 6.49 0.527 388 =179 40.9 = 7.02 0.200

LDL [mg/dL] 116.3 = 72.9 100.1 = 40.9 0.181 133.6 = 60.2 7.3 +£293 0.000*
Creatinine [mg/dL] 0.85+ 0.28 0.66 = 0.27 0.002* 0.83+ 0.28 0.62 + 0.26 0.001*
SUA [mg/dL] 522 =15 451 =0.99 0.007* 499 = 1.6 4.65 = 1.42 0.210

Serum leptin [mg/dL] 35.8 +20.2 21.1 =148 0.048% 39.30+17.55 11.13 = 8.65 0.000%

Categorical data are shown as %; continuous variables are shown as mean = standard deviation. BMI — body mass index; SBP — systolic blood pressure; DBP — diastolic blood pressure;
HDL — high density lipoproteins; LDL — low density lipoproteins; SUA — serum wric acid; *significant
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Table 2. Intergroup comparative analysis of anthropometric, clinical and biochemical details among obese (normotensive and hypertensive)

and non-obese (normotensive and hypertensive)

Non-obese (n = 39) Obese (n = 55)

. Intergroup

Variables Normotensive Hypertensive Normotensive | Hypertensive ol
n = 23) (n = 16) P value (n=27) (n = 28) pvalue e

Age [years] 443 £ 85 51.9 £13.1 0.03* 405 =113 49.8 = 10.6 0.017* c*d*ef*F*
Weight [kq] 58.2 = 6.8 58.7 = 6.4 0.83 824 +93 796 £9.2 0.25 c*d*e*fF*
Height [cm] 161.7 = 8.4 162.1 =55 0.86 159.2 =179 158.4 = 7.1 0.67 cdefF
BMI [kg/m’] 223+138 223+20 0.91 326 3.7 31.8 40 0.48 c*d*e*fF*
SBP [mm Hg] 1159+ 58 158.8 6.9 0.00* 119.0 = 4.8 161.2 = 6.1 0.00 c*d*ef*F*
DBP [mm Hg] 747 £5.2 925+29 0.00* 715+ 3.7 92734 0.00 c*d*efF*
Cholesterol [mg/dL] 140.1= 23.0 147.1= 35.0 0.45 202.9 35.6 185.9 52.0 0.16 c*d*e*fF*
Triglyceride [mg/dL] 135.4 = 33.2 152.5 = 66.3 0.29 195.7 67.6 218.2 89.6 0.29 c*de* fF*
HDL [mgy/dL] 395+58 428 =83 0.16 389 7.1 38.7 8.8 0.93 cdefF
LDL [mg/dL] 68.0 = 25.91 76.0 = 34.0 0.41 127.5 30.0 139.4 79.5 0.46 c*d*e*fF*
Creatinine [mg/dL] 0.55 = 0.21 0.73= 0.30 0.03* 0.75 0.3 091 0.3 0.03* c*de*f*F*
SUA [mg/dL] 420+ 1.0 530 = 1.72 0.01* 48 09 5213 0.20 c*defF*
Serum leptin [ng/mL] 8.6 =5.1 15.1 £ 105 0.41 316179 47.0 =191 0.14 c*de*fF*

Categorical data are shown as %; continuous variables are shown as mean + standard deviation. BMI — body mass index; SBP — systolic blood pressure; DBP — diastolic blood pres-
sure; HDL — high density lipoproteins; LDL — low density lipoproteins; SUA — serum uric acid; *significant; c — comparison between non-obese normotensive and obese hypertensive
patients; d — comparison between non-obese hypertensive and obese normotensive patients; e — comparison between non-obese hypertensive and obese hypertensive; f — compari-

son between obese hypertensive and obese normotensive; F — analysis of variance (ANOVA)

150

120 o

L
Twmﬁé

Non-obese  Non-obese Obese Obese
normotensive hypertensive normotensive hypertensive

Serum leptin in the studied subjects

Serum leptin

Figure 1. Serum leptin in the studied subjects

results to provide an irrefutable evidence of this as-
sociation [26].

Our study was conceived to provide further in-
sight into this relationship that may help to under-
stand the contribution of leptin in pathogenesis of
obesity induced hypertension. The present study re-
vealed that serum leptin level was significantly higher
in obese than non-obese participants which was con-
sistent with the fact that leptin is related to the degree
of adiposity. Thus, a close relationship between leptin
and body adiposity was established. However, direct
estimation of body fat content would have provided

more credible evidence to our findings. This ob-
servation is consistent with the findings reported
in the literature by other investigators [6, 27-29].
Similarly our results demonstrated that leptin levels
are significantly higher in hypertensive patients than
non-hypertensive patients with comparable BMI
which is consistent with the observations from earlier
studies [29-31].

There is a close relationship between leptin levels
and body adiposity, but whether this high leptin levels
contribute independently to elevated blood pressure
is not known [18]. Our study revealed a direct and
significantly positive relationship of plasma Leptin
with hypertension and BMI; however after adjusting
for BMI, there was no evidence for an independent
contribution of leptin to blood pressure thus BMI
was the variable that largely explained the positive
association between leptin and blood pressure. The
variable response associated with leptin-induced sus-
ceptibility to obesity-associated hypertension may
be explained on the basis of genotypic differences in
humans [32]. Thus our study demonstrated a posi-
tive relationship between leptin and obesity; however
relationship between leptin and hypertension didn’t
persist after adjusting for BMI status.

The present study investigated indirectly the pos-
sible impact of adiposity via leptin, principally se-
creted from the subcutaneous fat on the occurrence
of hypertension. The absence of an independent
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association of leptin with blood pressure after ad-
justing for obesity in the current study, negate the
possible contribution of leptin in the pathogenesis
of hypertension which is in agreement with the re-
sults documented in literature [33, 34]. In an earlier
study involving African women with obesity and
hypertension, it was observed that the correlation
between leptin and blood pressure disappeared after
adjustments for other components of the insulin
resistance syndrome is in agreement with results ob-
served in our study [33]. Similarly in another study
it was observed that a significant association between
leptin and blood pressure disappeared after adjust-
ing for BMI, whereas the association between blood
pressure and BMI persisted after adjusting for leptin

levels [34].

One of the observations of our study was the
presence in a good number of normal weight in-
dividuals, of the increased leptin concentration.
However, the fact that normal weight does not
always rule out excess adiposity could explain the
presence of higher leptin concentration in such
individuals. This higher leptin concentration in in-
dividuals without excess adiposity could also be
explained by the fact that leptin production occurs
in several other sites other than the adipose tissue
(35]. The impaired renal function can also explain
the presence of elevated leptin levels [36]. However,
this is not clearly apparent in “normal” renal func-
tion [37]. The possible differences in the pleiotro-
pic effects for similarly raised leptin concentrations
in the presence of hyperleptinemia, generally an
expression of leptin resistance, may be the result
of differential resistance to the leptin. In order to
further understand why non-obese subjects have
hyperleptinemia not associated with the unfavor-
able effects observed in overweight-obese persons
requires further evaluation on more number of sub-
jects in each group. Limitation of our study was
lack of direct estimation of body fat content that
would have provided more direct evidence to refute
or accept the role of degree of obesity (adiposity) in
leptin mediated influence on blood pressure status
and small sample size that limits the generalizability
of our findings.

To conclude, our study provides the direct dem-
onstration in a case control study of leptin vs. blood
pressure and BMI:

* serum leptin levels are significantly high in obese
persons as well as in hypertensive patients irre-
spective of BMI;

* obese hypertensive persons have higher levels of
serum leptin as compared to obese normotensive
persons but with no statistical significance;

e serum leptin levels were not significantly raised
in non-obese hypertensive when compared to
non-obese normotensive persons.

Our study showed that serum leptin levels didn’t

have any direct correlation with hypertension when
adjusted for BML

Conclusion

Our study demonstrated that serum leptin levels are
significantly elevated in obesity and have a direct
correlation with the degree of obesity. However, our
study does not support any direct correlation be-
tween serum leptin and blood pressure.
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