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Abstract: Precise association of serum leptin with body mass index (BMI) and blood pressure (BP;
both systolic blood pressure (SBP) and diastolic blood pressure (DBP) is not well known for
understanding their involvement in health and disease. Hence, the present study was planned to be
conducted for investigating the association of BP, BMI and serum leptin levels in young normal
weight (NW) and overweight (OW) male Saudi students. The NW (n: 198) and OW male subjects
(n: 192) in the age range of 18-20 years were consulted. Blood pressure (BP) was measured with a
mercury sphygmomanometer. Leptin Human ELISA Kits were employed for the determination of
the serum leptin levels. The mean + SD values of BMI (kg/m?), serum leptin (ng/ml), SBP (mmHg),
and DBP (mmHg) all showed significant difference for young OW vs. NW male university students
as: 27.52+1.42 vs. 21.49+ 2.03; 10.70+ 4.67 vs. 4.68+ 1.91; 121.37+2.59 vs.118.51+1.54 and 81.44+1.97 vs.
78.79+1.44 respectively. All associations (among BMI, leptin, SBP and DBP) showed positive linear
and significant correlation except nonsignificant correlation of BMI and SBP for NW group. The
present study in the young Saudi male students, presents significant variations for BP and serum
leptin levels and significant positive linear association among serum leptin, BMI and BP.

Keywords: systolic blood pressure; diastolic blood pressure; serum leptin; body mass index; normal
and overweight male students

1. Introduction

Leptin is an important adipokine used as an important clinical marker to investigate the various
levels of body mass index (BMI) in normal weight (NW), overweight (OW), obese and non-obese
subjects. Obesity related hypertension (ORH) and early onset essential hypertension (EH) have been
shown to be associated with serum leptin levels [1-3]. Leptin has also been found to be related to
obesity-hypertension syndrome [4], metabolic syndrome (MetS) [5], conditions with moderate
association with BMI [6], and several other conditions [7-10]. The detailed review studies reveal
comprehensive information about the role of leptin in cardiovascular disorders and other diseases
[6,11-14].

Positive association of serum leptin and BMI was obtained [15-18]. It was noted that BMI
associated significantly and independently with increased levels of serum leptin [17,19,20], or obesity
associated blood pressure (BP) changes [1]. The overweight children and adolescents had
significantly greater BMI independently associated to elevated levels of leptin [17].

The BP was also found associated with leptin levels [8,10,15], specifically the systolic blood
pressure (SBP) [15] or diastolic blood pressure (DBP) [21]. However, controversial results for the
relationship of leptin levels and BMI and BP were also found [6,10]. Concerning to ethnic background,

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202304.0292.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 April 2023 doi:10.20944/preprints202304.0292.v1

higher levels of leptin and BP in Caucasians Africans than Caucasians were revealed [22]. The blood
pressure elevation especially in men irrespective of black and white race associated with serum leptin
levels [23].

Subjects having high-normal and high BP indicated elevated BMI and serum leptin, and the male
adolescents showed serum leptin levels significantly correlating with BMI, SBP, and mean BP [15].
Leptin is an independent mediator for obesity-related increase in BP, as significantly higher mean
BMI, SBP, and DBP associates to leptin levels [19,24,25]. Leptin plays a crucial role in obesity-related
hypertension, especially in adolescents where BMI and serum leptin increase according to the order
of BP categories (normotensive < high normal < hypertensive), and significant correlation with both
SBP and DBP exists even after making adjustment for the age and BMI [26].

No significant correlation of leptin with SBP or DBP was also investigated [16]. Leptin levels in
non-obese normal weight subjects and obese subjects showed significant and positive correlation
with BMI, but no any correlation with mean SBP or mean DBP [16]. Another study revealed that no
any association of leptin with SBP or DBP was obtained statistically significant among the subjects
having higher BP, and it was understood that leptin may balance and elevate the arterial tone for
increasing DBP only within normal BP limit [21], and it was concluded that leptin might serve as a
physiological mediator or at least a potential marker for increasing the DBP in obesity conditions [21].

It was found that leptin associates with DBP but not with SBP in men with mean BMI of 23 kg/m?
[21]. It was further confirmed that when the subjects were classified to those with normal BP (SBP
<130 mmHg, and DBP <85 mmHg) and those with higher BP, leptin showed significant positive
association with DBP but not with SBP for subjects with normal BP range [21]. Another contradictory
report reveals an association of leptin with BMI instead of BP [27] where it was explained that BMI
and BP depend on various other parameters as well including age, sex, race, and type of obesity [11].

In view of the mentioned reports, it is still controversial to suggest the precise relationship
among serum leptin, BP (SBP or DBP) and BMI, for Saudi population. Hence, it is necessary to carry
out further studies for clarifying the role of BMI and BP in association with serum leptin in normal
weight and overweight young subjects.

2. Materials and Methods

2.1. Subjects and Study Design

The present study comprised young normal weight (NW) male university students (n: 198; age
range: 18-20 years) and overweight (OW) male university students (n: 192; age range: 18-20 years).
General/ clinical, anthropometric, physiological, biochemical and cardiovascular measurements were
obtained and filled in a comprehensive Questionnaire. The research work was carried out at the Umm
Al-Qura University, Makkah, Saudi Arabia, from June 2021 to December 2022. Sample size was
calculated by using: sample-size-calculator. The subjects were characterized and the data was
recorded and analyzed statistically for body mass index (BMI, kg/m?), blood pressure (BP, mmHg;
SBP and DBP), serum leptin levels (ng/ml), and related variables.

The present research work is an observational study for the quantitative observations/
correlation analysis of serum leptin levels with SBP and DBP based on BMI and BP. The subjects
selected for the present part of study were the young NW and OW male university students having
no any serious medical disorders. Only unmarried non-smoking subjects were accepted for this
study. The Questionnaire for each subject was filled for detailed physical, psychological and socio-
cultural information. Age, educational level, years of education, ethnicity, temperament, personal
habits, nutrition and other relevant information were obtained for initially assessing the general
health of the subjects and to decide whether to include or exclude for the current part of our research.

The subjects were well informed in their first visit that the subjective information, blood analysis
and other tests/examination in the study are for research purpose. It was informed them that it was
their decision whether they are willing to take part in the present study. Detailed information by
interview/assessments of each subject was taken after obtaining subject’s consent for participating in
the study.
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2.2. Assessments and Methods

Total cholesterol (TC) was measured by enzymatic colorimetric method and the routine kit
methods. A general method was employed for determining the fasting blood glucose (FBG) [28]. A
specific method for the determination of serum triglycerides (TG) [29] was used. Body weight (kgs)/
Body height (m?) were assessed for the estimation of body mass index (BMI). Body mass index (BMI)
of a person (expressed in is kg/m?) is defined as the body mass (weight in kilograms) divided by the
square of body height (meters) [30,31]. The normal weight and overweight subjects for the present
study had the BMI range of 18 to < 25 (kg/m?) and >25 to 30 respectively for the Saudi population [32].
The subjects having higher or lower than the mentioned values for BMI were not included.

Blood pressure levels of the subjects were determined to know whether these levels were normal
[33] or exceeding the normal [34]. General routine method using BP apparatus was employed for
measuring systolic and diastolic blood pressure [35]. The blood pressure (BP) was measured with a
mercury sphygmomanometer (MS-51500 Mercury Sphygmomanometer, Medical Sources Co.,
Limited, Nanjing, Jiangsu).

Blood samples were taken, and serum leptin was determined. ELISA kits were used for the
determination of serum leptin, hepcidin (Hp), interleukin-6 (IL-6), high sensitivity C-Reactive protein
(hsCRP), homocysteine (Hcy), adiponectin, apelin, and resistin. Leptin Human ELISA Kits were
purchased for the determination of the serum leptin levels. The Mean + SD for BMI (kg/m?), serum
leptin (ng/ml), SBP (mmHg) and DBP (mmHg) were evaluated.

2.3. Statistical Analysis

Statistical Package for Social Sciences (version 24.0) for Windows (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis. GraphPad Prism (version 6.0) software, San Diego, CA, USA, was
employed. Data was expressed as the mean + standard deviation (SD). One-way analysis of variance
(ANOVA) with Tukey’s Kramer post hoc test, and the Student’s t-test were carried out. Regression
lines were plotted and values of R? (coefficient of determination) for the regression lines were
assessed for obtaining the correlation. The value of significance (p) for linear relationship was
obtained. The minimum level of significance was considered as P < 0.05. Previously published
biostatistical applications were followed for statistical analysis [36].

3. Results

General characteristics and variables of OW and NW study subjects are shown in Table 1. No
significant difference (P>0.05) was obtained for age (years), FBG (mg/dl), TC (mg/dl), TG (mg/dl),
Hcy (umol/L), Hp (ng/ml), and adiponectin (ug/mL). The variables that changed significantly were:
BMI (kg/m?), SBP (mmHg), DBP (mmHg), IL-6 (pg/ml), hsCRP (mg/L), apelin (ng/mL), resistin
(ng/mL), and leptin (ng/mL) (Table 1).

Table 1. Characteristics and other variables of normal weight and overweight study subjects.

Normal weight and overweight subjects

Variables NW OW P-value
Number of subjects (n) 198 192 -

Sex (male) 198 192 -

Age (years) 18.88+0.67 18.83+0.70 NS
BMI (kg/m?) 21.49+2.03 27.52+1.42 <0.0001
SBP (mmHg) 118.51+1.54 121.37+2.59 <0.0001
DBP (mmHg) 78.79+1.44 81.44+1.97 <0.0001
FBG, (mg/dl) 91.26+1.78 91.56+1.34 NS
Total cholesterol (mg/dl) 170.25+6.34 171.48+7.51 NS
Triglycerides (mg/dl) 91.35+5.71 92.74+9.36 NS
IL-6 ((pg/ml) 3.41+2.63 3.98+2.78 <0.04
hsCRP (mg/L) 0.88+0.45 0.98+0.51 <0.04
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Hcy (pmol/L) 4.92+2.87 4.98+2.93 NS
Hp (ng/ml) 9.87+5.27 9.78+7.20 NS
Adiponectin (pug/mL) 5.53+3.03 5.48+2.98 NS
Apelin (ng/mL) 2.30+1.58 2.76+1.97 <0.01
Resistin (ng/mL) 6.33+2.38 7.23£3.17 <0.002
Leptin (ng/mL) 4.68+1.91 10.70+ 4.67 <0.0001

NW: normal weight; OW: overweight; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood
pressure; FBG: fasting blood glucose; IL-6: interleukin-6; hsCRP: high sensitivity C-reactive protein; Hcy:
homocysteine; Hp: hepcidin; values are: meanz+ standard deviation (SD).

The mean + SD values for BMI in OW vs. NW (27.52+ 1.42 vs. 21.49+ 2.03) showed highly
significant difference (t: 33.89; df: 388; P: <0.0001). Serum leptin levels in OW vs. NW (10.70+ 4.67 vs.
4.68+1.91) indicated highly significant variation (t = 16.7476; df = 388; P<0.0001) (Figure 1).
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Figure 1. Serum leptin levels in overweight and normal weight male students. OW: overweight; NW:
normal weight; Mean +SD values of serum leptin are shown in Y-axis.

The SBP for OW vs. NW (121.37+2.59 vs. 118.51+1.54) was also found highly significant (t =
13.2859; df = 388; P<0.0001) (Fig.2). The values of DBP for OW vs NW (81.44+1.97 vs. 78.79+1.44) gave
highly significant difference (t = 15.1955; df = 388; P<0.0001) (Figure 2).
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Figure 2. Systolic and diastolic blood pressure in overweight and normal weight male students. SBP:
systolic blood pressure; DBP: diastolic blood pressure; OW: overweight; NW: normal weight; Mean
+SD values of serum leptin are shown in Y-axis.

3.1. Association of body mass index and serum leptin in normal weight and over-weight male university
students
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The BMI against serum leptin was plotted (Figure 3a,b). The R? value was found to be 0.13 for
NW and 0.34 for OW that showed highly significant (P<0.0001) positive linear correlations.
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Figure 3. Association of body mass index and serum leptin in normal weight and over-weight male
university students. Figure 3a: normal weight subjects, Figure 3b: overweight subjects.

3.2. Association of body mass index and systolic blood pressure in normal weight and overweight male
university students

The BMI and SBP plotted against each other (Figure 4a,b) showed R2value for NW as 0.007 (P>
0.05), and OW as 0.34 (P<0.0001). This indicated positive linear and highly significant correlation for
OW but nonsignificant relationship for NW subjects.

= | Fig4a
T 124 . ™ @
E 123 El e e o @ w ° .
¢ 1w @ % °
% 121
E 120 @ e e e 0 @ MEeee B * @
g 19 (L] * * [ K] _e@e o
S s GRS BRI TR § (BB RED SOGE E B Sbwed i Bes
E 117 ® e o0 ® Me 00 D NS @
> e .

115

17 18 19 20 21 22 23 24 25 26

Body mass index (kg/m2)

(a)


https://doi.org/10.20944/preprints202304.0292.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 April 2023 doi:10.20944/preprints202304.0292.v1

6
135 i
i Fig.4b [T
o
E E
E 130
o
=
“
“w
g 125
o
o
8
= 120
F
<
@ 115
24 25 26 27 28 29 30 31

Body mass index (kg/m2)

(b)

Figure 4. Association of body mass index and systolic blood pressure in normal weight and
overweight male university students. Figure 4a: normal weight subjects, Figure 4b: overweight
subjects.

3.3. Association of body mass index and diastolic blood pressure in normal weight and overweight male
university students

The plot between BMI and DBP (Figure 5a,b) showed R2value 0.08 for NW and 0.31 for OW
subjects. Positive linear and highly significant relationship was found present between BMI and DBP
in both groups of subjects.
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Figure 5. Association of body mass index and diastolic blood pressure in normal weight and
overweight male university students. Figure 5a: normal weight subjects, Figure 5b: overweight

subjects.
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3.4. Association of serum leptin and systolic blood pressure in normal weight and overweight male university
students

The SBP and Serum leptin levels were plotted (Figure 6a,b). The plot showed R? value 0.27 for
NW and 0.63 for OW subjects. Positive linear and significant relationship was found present between
SBP and serum leptin in both subject groups.
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Figure 6. Association of serum leptin and systolic blood pressure in normal weight and overweight
male university students. Figure 6a: normal weight subjects, Figure 6b: overweight subjects.

3.5. Association of serum leptin and diastolic blood pressure in normal weight and overweight male
university students

The DBP and serum leptin levels were plotted (Figure 7a,b). The plot showed R? value of 0.30
for NW and 0.45 for OW subjects, indicating highly significant positive linear relationship between
DBP and serum leptin in both subject groups.
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Figure 7. Association of serum leptin and diastolic blood pressure in normal weight and overweight
male university students. Figure 7a: normal weight subjects, Figure 7b: overweight subjects.

All associations (Table 2) showed positive linear and significant correlation except
nonsignificant correlation of BMI and SBP for NW group.

Table 2. Correlation among BMI, leptin and blood pressure in young overweight and normal weight
male university students.

ffici f ination (R?) f j
Variables of correlation Coefficient of determination (R?) for study subjects

oW NW
BMI & leptin 0.34 0.13
BMI & SBP 0.34 0.007
BMI & DBP 0.31 0.08
Leptin and SBP 0.63 0.27
Leptin & DBP 0.45 0.30

OW: overweight; NW: normal weight; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood

pressure; all correlations showed positive linear and significant relationship except nonsignificant relationship
of BMI and SBP for NW group.

4. Discussion

The present study provides information about the significant association existing among BP,
BMI and serum leptin levels in young NW and OW male Saudi students. These findings are quite
interesting for the health and the quality of healthy life for Saudi population. The present report will,
hence, be helpful for future studies for understanding and interpreting the clinical,
pathophysiological, diagnostic and management perspectives. This approach explores the
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pathophysiological ways for focusing on the preventive medicine with higher level of desired
outcomes in view of considering at the level of personalized medicine.

The present results showing linear and significant association for serum leptin and BMI are
similar to the previous investigations [17-19] where it was revealed that elevating levels of BMI
associates significantly and independently to increase the serum levels of leptin. Furthermore, the
investigations in the present study do not contradict the previous studies [8,10,11,20]. The serum
leptin and DBP with significant linear association in the present report resembles to another previous
study [21] though absence of any significant correlation of leptin with SBP or DBP was investigated
[16] in subjects of another age-group.

Association of blood pressure and serum leptin levels [23], and significant association for serum
leptin and SBP for NW and OW subjects in the present study are also not different from several other
studies [8,10,15,24-26]. Positive linear and significant association of serum leptin and DBP resembles
partly to the findings in a report for subjects where leptin associated positively and significantly with
DBP but not with SBP [21].

Association of the characteristics and other variables of the subjects in the present report
emphasizes to carry out further studies for understanding the interactive role of various variables
during the progressive increase in BMI. Considering specially the reports of the impact of
inflammation involving IL-6 [37,38], CRP [39], adiponectin [38—40], apelin [

41] and resistin [37] in association with leptin could further explain the association among BMI,
blood pressure and leptin levels in NW, OW and obese subjects.

There were several limitations in our present study. The samples were collected for only normal
weight and overweight subjects and not for the obese subjects. Further work may clarify the
association among BMI, BP and leptin levels in obese subjects. Present study was carried out in
subjects with age range of 18-20 years. Findings for lower and higher than this age range are required
to be explored in both male and female subjects to have better idea of precise age and gender-based
changes in BP and serum leptin levels under the influence of changing BMI levels.

5. Conclusions

The present study in the young normal weight and overweight Saudi male subjects in the age
range of 18-20 years presents significant variations for BP and serum leptin levels and significant
positive linear association among serum leptin, BMI and BP except nonsignificant association of BMI
and SBP for normal weight subjects. Hence, the present report provides valuable information for the
pathophysiological and health management aspects.
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List of Abbreviations

ANOVA One-way analysis of variance

BMI Body mass index

BP Blood pressure

BREC Biomedical Research Ethics Committee
CRP C-reactive protein

DBP Diastolic blood pressure

EH Essential hypertension

ELISA Enzyme-linked immunosorbent assay
FBG Fasting blood glucose

Hcy Homocysteine

Hp Hepcidin

hsCRP High sensitivity C-Reactive protein
IL-6 Interleukin-6

IRB Institutional review board

MetS Metabolic syndrome

n Number of subjects

NW Normal weight

oW Overweight

ORH Obesity related hypertension

R? Coefficient of determination

SBP Systolic blood pressure

SD Standard deviation

TC Total cholesterol

TG Triglycerides
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