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Background: Central obesity stands for the corner-stone of cardio-metabolic health, while nitric oxide (NO) is a major
regulator of cardiovascular function. To day, the correlation between serum NO metabolites nitrate/nitrite and the obesity
components in young adults remains elusive. Thus, this current study was conducted to know the correlation between
serum NO metabolites levels and body fat percentage, waist circumference (WC) as well as body mass index (BMI) in young
adults with central obesity.

Materials and Methods: A cross-sectional study was conducted in Riau, Indonesia, involving 79 young adults aged 18-25
years, composing of 39 and 40 subjects with and without central obesity, respectively. Anthropometric measurements
were performed to assess WC and BMI. Body fat percentage was measured using bioelectrical impedance analysis and
serum NO metabolites levels were assessed using Griess methods.

Results: Levels of serum NO metabolites were significant higher in the subjects with central obesity (168.41+12.64 umol/L)
than that of normal subjects (70.57+44.99 umol/L, p<0.001), but the levels were no significant different between male and
female subjects. Serum NO metabolites levels were strongly correlated with total body fat (r=0.618, p<0.001), visceral fat
(r=0.733, p<0.001), subcutaneous fat (r=0.547, p<0.001), WC (r=0.717, p<0.001) and BMI (r=0.788, p<0.001).

Conclusions: For young adults in Riau, Indonesia, levels of serum NO metabolites are higher in the central obesity group
than that of the normal. In this population, body fat percentage, waist circumference and body mass index are correlated
with serum nitric oxide metabolites levels.

Keywords: nitric oxide, body fat percentage, young adults, central obesity

Date of submission: May 11, 2020
Last Revised: June 12, 2020

Accepted for publication: June 19, 2020
BY NC

Corresponding Author:
Udin Bahrudin
Department of Cardiology and Vascular Medicine Cell and
Faculty of Medicine, Universitas Diponegoro Biopharmaceutical
JI. Dr. Sutomo No. 16, Semarang 50231, Indonesia | :
) , nstitute
E-mail: bahrudin00@gmail.com

[EnN



Molecular and Cellular Biomedical Sciences, Vol.5 No.1, March 2021, p.1-7

Introduction

Obesity is a build-up of abnormal or excessive adipose
tissue which can interfere with the cardio-metabolic health
of individuals." A simple parameter commonly used to
classify obesity is body mass index (BMI).> According to
the World Health Organization (WHO) classification for
Asia Pacific criteria, a person with a BMI of >23 kg/m? or
>25 kg/m? is defined as overweight or obese, respectively.'
Subcutaneous adipose tissue (SAT) and visceral adipose
tissue (VAT) are two main compartments of adipose tissue
with different metabolic characteristics.* Central obesity
is characterized by escalated VAT around intra-abdominal
organs.* This obesity is associated with various pathological
disorders consisting of impaired lipid and glucose
metabolisms, insulin resistance and increased tendency for
colon, breast and prostate cancers.*

Accurate measurements of body fat composition
can carried out with sophisticated methods including
magnetic resonance imaging (MRI), dual-energy X-ray
absorptiometry (DXA) and computed tomography (CT).*?
CT-Scan is the gold standard for measuring quantitative
tissue of intra-abdominal fat.® These methods in routine
clinical practice cannot be applied since they are expensive,
time-wasting, limited portability, requiring skilled staff,
limited accessibility and radiation. Bioelectrical impedance
analysis (BIA) is an alternative method for measuring body
fat because it is fast, safe and non-invasive.**7* BIA showed
a significant strong correlation with CT in measuring of
VAT and SAT (1=0.89 and r=0.835, respectively)® and also
with MRI in determining body fat and VAT (r=0.89 and r=
0.84, respectively).’

Nitric oxide (NO) is a signaling and free radical
molecule. It is synthetized from L-arginine by nitric oxide
synthetase (NOS) in many cells in our body.!*!! In normal
conditions, it is synthesized by endothelial-NOS (eNOS)
and neuronal-NOS (nNOS) that played an important
regulator of cardiovascular and renal function.'? Correlation
between serum nitric oxide metabolites, i.e., nitrate and
nitrite, and the obesity components remain elusive. Several
studies showed there were positive correlation between
NO metabolites and BMI", between NO metabolites and
body fat'*, between NO metabolites and visceral fat'’, while
others studies showed negative correlation between NO
metabolites and obesity'®, between NO metabolites and
abdominal adiposity.!” A few studies in Indonesia showed
no statistical significant in those parameters. A study at
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Padang showed that NO metabolites levels were higher
in obese subjects than in the normal, but there were no
significant correlation between NO metabolites and BMI. !
Another study in Yogyakarta found that NO metabolites
were higher in male, aged more than 25 years and obese
subjects than that of the control, but there were no statistical
significant differences.'” Most population in the Padang
study was adult, while in the Yogyakarta was young non-
obese.

Thus, this study was conducted in young adults with
central obesity in Riau, Indonesia, to know the correlation
between serum nitric oxide levels and body fat percentage,
waist circumference as well as body mass index.

Materials and methods

Subjects

This cross-sectional study was conducted in Riau,
Indonesia, from December 2019 to February 2020. Subjects
of study were college students aged 18-25 years old and
selected by consecutive sampling. The WHO criteria for
Asia Pacific was used to determine central obesity, i.e.,
waist circumference (WC) >90 cm and >80 ¢cm for men and
women, respectively. Subjects who pregnant, taking drugs
(either hormonal therapy, steroid or aspirin), suffer from
ascites, abdominal tumors, cardiovascular discase, kidney
disease, diabetes mellitus, allergic diseases or diarrhea
were excluded. Informed consent for participating in this
study was obtained. The investigation conformed to the
principles outlined in the Declaration of Helsinki* and was
approved by the institutional ethics committee of human
research in Universitas Riau, number: B/227/UN.19.5.1.1.8/

UEPKK/2019.

Anthropometric Measurements

Anthropometric measurements were carried out to assess
waist circumference (cm), height (cm) and weight (kg)
in a standing position. WC was measured at the midpoint
between the edge of the last rib and the iliac crest without
pressing the skin at the end of normal expiration using the
met line. Weight and height were measured according to
standard protocols. BMI was obtained from the calculation
of body weight (kg) divided by the square of height (m?).
Examination of body fat compositions was carried out using
a BIA (Karada Scan HBF-375, Omron, Osaka, Japan) to
measure the percentage of total body fat, visceral fat and
subcutaneous fat.
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NO Level Measurement

Measurement of NO is difficult technically since its
rapid oxidation in vivo, therefore, we measured its stable
metabolites, nitrate/nitrite, as indirect measurement of
levels of NO production.'*!*2! Venous blood samples were
taken in the morning after fasting for 12 hours. Serum NO
metabolites levels were measured using the Griess methods
by employing QuantiChrom™ Nitric Oxide Assay Kit
(Catologue no. D2NO-100, BioAssay Systems, California,
USA) at the GAKI Laboratory, Universitas Diponegoro,
Semarang, Indonesia. Briefly, serum samples were
deproteinated by mixing 150 pL serum with 8 pL ZnSO,
and 8 uL NaOH, then they were centrifuged for 10 minutes
at 14,000 rpm. A total of 100 pL of supernatant for each tube
was transferred into another tube, and then 100 pL Reagent
A, 4 pL Reagent B and 100 pL Reagent C were added for
the reduction of nitrate to nitrite and the measurement of
nitrite in a single step. Those mixture were incubated for 10
minutes at 60°C prior transferring them into separated wells
for detecting the signal density. The optical density was read
at 540 nm using the enzyme-linked immunosorbent assay
(ELISA) reader (ELx800, BioTek Instruments, Vermont,

USA).

Statistical Analysis

Data analysis was performed using SPSS Software (SPSS
Inc, Chicago, IL, USA; Version 25). Test normality with
Kolmogorov-Smirnov for total subjects and Shapiro-Wilk
for the central obesity and without central obesity subgroup.
The comparison of sex and age proportions between

Table 1. Subjects characteristics according to groups.
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groups was performed chi-square test, the comparison of
total fat variables between groups using the Independent-
T-test, while the comparison of visceral fat, subcutancous
fat, BMI, WC and NO metabolites levels between groups
using Mann-Whitney-U test and also the comparison of NO
metabolites levels between gender using Mann-Whitney-U.
The correlation relationship between NO metabolites levels
and percentage of body fat (total, visceral and subcutaneous
fat), WC and BMI were measured using the Sperman's rho
correlation test with p<0.05 significance value and 95%
confidence interval. Differences with a p-value of <0.05
were considered statistically significant.

Results

A total 79 subjects were recruited, consisting of 39 and
40 subjects with and without central obesity, respectively.
Among them, 44 (55.7%) subjects were female. Table 1
shows the baseline clinical characteristics of the subjects
with and without central obesity.

There were no significant differences (p>0.05) in the
proportion of gender and age variables between both groups.
Significant differences were found for serum NO metabolites
levels between subjects with central obesity (168.41+12.64
pmol/L) and without central obesity (70.57+44.99 umol/L,
p<0.001). Total body fat, visceral fat, subcutaneous fat, WC
and BMI were also significant differences between both
groups.

Table 2 shows that there were no significant differences
in the levels of serum NO metabolites between male and

Central Obesity Subjects Without Central Obesity Subjects
Variables (n=39) (n=40) p- value
n MeantSD (Min-Max) n MeantSD (Min-Max)
Gender
Male 18 17 0.058"
Female 21 23
Age (years) 18.7£0.9 (18-21) 19.2£1.3 (18-22) 0.147°
BMI (kg/m’) 30.55+4.54 (23.8-43.3) 21.16%2.61 (16.6-25.9) <0.001°
Waist circumference (cm) 96.50£11.17 (80.5-129.5) 75.3616.73 (64.0-89.0) <0.001°
Total body fat (%) 33.234+5.08 (21.0-42.1) 23.55+7.21 (8.7-38.9) <0.001°
Visceral fat (%) 11.94+5.52 (3.5-29.0) 3.68+2.25 (0.5-8.5) <0.001°
Subcutaneous fat (%) 28.28+7.60 (15.0-41.1) 18.66+6.70 (6.4-30.3) <0.001°
Serum nitric oxide metabolites levels (nmol/L) 168.41+12.64 (138.6-200.1) 70.57+44.99 (22.1-150.2) <0.001°

Note: *Chi-square test, "Mann Whitney U test, ‘Independent T test.
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Table 2. Serum nitric oxide metabolites levels according to sex in the study subjects.

i Central Obesity Subjects Without Central Obesity Subjects Total Subjects
MeantSD (Min-Max)  p-value MeantSD (Min-Max)  p-value MeantSD (Min-Max)  p-value
Male 164.79+13.27  138.6-184.7 77.31+48.78 22.1-148.0 122.30+56.35 22.1-184.7 .
Female 171.50+£11.48  153.6-200.1 65.59+42.38 23.0-150.2 116.14+£62.00  23.00-200.1 0873

Note: *Mann Whitney U test.

female, in either all subjects, ones with or without central
obesity, with respective p-value 0.875, 0.135 and 0.712.

Table 3
with serum NO metabolites levels; they were total body
fat percentage (r=0.618, p<0.001), visceral fat (r=0.733,
p<0.001), subcutaneous fat (r=0.547, p<0.001), WC
(r=0.717, p<0.001) and BMI (r=0.788, p<0.001).

shows that all variables had correlation

Discussion

Correlation between serum NO metabolites and the obesity
components in young adults with central obesity remains
elusive. This study was conducted to know the correlation
between body fat percentage and serum NO metabolites
in those subjects and we found that levels of the serum
NO metabolites were strongly correlated with body fat
percentage, WC and BMI. To the best of our knowledge,
this is the first data about this issue reported from
particular population of Indonesian young adult subjects
with obesity.

These results are in line with several previous studies
that found higher levels of serum nitric oxide metabolites in
obese subjects. Study of 313 children aged 8 to 9 years in
Portugal concluded that the increase in serum NO metabolites
levels was related to the total body fat'?, as well as the study

in Poland of 154 women grouped by BMI found positive
correlation between the total body fat BMI with serum
NO metabolites levels.?? Similar research results were also
obtained in a South Korean study of 363 subjects aged 14
to 19 years which concluded that obesity causes an increase
in NO production in humans, the increasing in serum NO
metabolites levels is strongly correlated with obesity, total
body fat and BMIL.'* The study of 110 children aged 7 to
14 years in Spain found higher and significant serum NO
metabolites levels in obese children compare to normal
weight children.”® Contradictory research results were
reported in a study of 114 adolescents (aged 14.01+3.19)
in Austria, there was a decrease serum NO metabolites
levels in obese adolescents, serum NO metabolites levels
were negatively correlated with BMIL!® Japanese study
of 486 subjects aged 40-84 years concluded that there
was an inverse relationship between NO bioactivity and
accumulation of abdominal fat measured using WC and
waist-hip circumference ratio.'” Taken together, in obese
young adults, the high levels of serum NO metabolites are
correlated positively with central obesity; but in adolescents,
the correlation are inversely.

The subject criteria as well as the result of this study
were different from two previous studies conducted in
Indonesia.'®!” A study in Padang involved 130 subjects,

Table 3. The correlation between serum NO metabolites levels and body fat percentage, WC, as

well as BMI.

Serum NO Metabolites Levels
Variables Central'Obesity Without Cel'ltral Obesity Total Subjects
Subjects Subjects
r p-value r p-value r p-value
Total body fat 0.370 0.020* 0.064 0.695° 0.618 <0.001°
Visceral fat 0.257 0.115° 0.109 0.504° 0.733 <0.001°
Subcutaneous fat 0.383 0.016° 0.023 0.886° 0.547 <0.001°
Waist circumference 0.037 0.821° 0.058 0.722° 0.717 <0.001°
Body mass index 0.352 0.028° 0.105 0.520° 0.788 <0.001°

Note: *Pearson correlation test, *Spearman’s Rho correlation test.
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92.3% of them were adult aged 40 to 65 years.'® Another
study was conducted in Yogyakarta which recruited 44
subjects whom 81.8% were young aged 18 to 24 years,
but 70.5% were non-obese."” Both the studies found no
significant differences in NO metabolites levels between
obese and non-obese subjects.'®!” However, these studies
did not mention the exclusion criteria and the preparation of
subjects prior taking the blood samples. These are important
since the levels of NO are affected by both diet and comorbid
of the subjects.

The high levels of NO metabolites in obese subjects
is caused by an increase of NO production in adipose
tissue?>?*? as a compensatory mechanisms for changes
related to obesity.!*?* The presence of endothelial NO
synthase (eNOS) and inducible-NOS (iNOS) in the adipose
cells induces the NO production.'>??7 Each of them
produces NO with different rates.?® The eNOS generates a
smaller amount of NO compared to iNOS which has the
biggest capacity to produce NO.?'* Under physiological
conditions, eNOS is a dominant isoform in the adipose
tissue compared to iNOS.2'* In obesity, accumulation
of proinflammatory macrophages in adipose tissue is
responsible for most of iNOS expressions by promoting
its expression.” In patients with obesity, the hypertrophic
adipocytes reduce a diffusion ability of oxygen and the
reduction in vascularization promotes hypoxia.?’” Under the
hypoxic conditions, endogenous NO production increase
due to the increased iNOS expression rather than the
eNOS. 212627 Thus, iNOS produces large amounts of NO as a
defensive mechanism.?

In the population-based studies, the origin of NO
metabolites values in young obese subjects cannot be
distinguished whether they are from eNOS or iNOS, since
the difficulty in measuring of NO levels in vivo.'* NO is
a gaseous and has a very short half-life, ranging from 0.05
milliseconds to 30 seconds, depending on the environment
and reactant availability.*® Inability to distinguish the
eNOS and iNOS components in serum NO metabolites is
a limitation of this study as well as other population-base
studies. The existence of inflammation in the subject of this
study could not be confirmed since we did not check any
marker of inflammation.

NO production is divided into two independent
pathways, ie., NOS pathway and the NO,-NO,-NO
pathway.?! These pathways make the meaning of a high
serum NO metabolites levels more intricate, unless a well-

Correlation of Serum Nitric Oxide in Central Obesity

controlled food intake of nitrates and nitrites.?’ Nitrates
do not have first-pass metabolism, so after consumption
of food, their level increases rapidly within 15 minutes,
peaking at 90 minutes with a half-life of NO,” 5 to 8
hours.?’?” Under normal conditions, both sources of NO
contribute equally to the overall formation of NO.*° During
fasting condition, serum NO metabolites level is weakly
correlated with NO,” consumption in a regular diet.”' Under
physiological conditions, fasting plasma NO, reflects up to
80% of endogenous NO production.?! The current study did
not control the diet of the subjects prior to the blood sample
collection except a fasting for overnight.

The association between high intake of L-arginine
and NO synthesis remains unclear. An increase NO
metabolites level was observed after oral supplementation
of 6 g/day L-arginine for 2 months in diabetic patients
with atherosclerotic peripheral arterial disease.’! A high
dietary intake of L-arginine was also strongly associated
with serum NO metabolites levels in overweight and obese
subjects, but not in subjects with normal weight.** An acute
oral supplementation of 6 g L-arginine in healthy subjects
did not showed a significant change of NO metabolites level
compared to the placebo group.**** The mechanism how
the supplementation of L-arginine increased endogenous
NO production is not fully understood. This is due to
normal L-arginine level greatly exceeds the Michaelis
constant (Km) of eNOS, therefore, increase of L-arginine
concentration will not change the production of eNOS.*
The current study did not calculate L-arginine dietary intake
of the subjects prior blood sample collection.

Obesity with high NO metabolites levels may cause
more deleterious effects.'””> The increased expression and
function of iNOS causes the excessive NO production and
the disturbed eNOS affects the decreased NO bioavailability.
Both of them promote the growth of non-communicable
diseases such as type 2 diabetes mellitus, hypertension,
coronary heart disease, kidney disorders and various types
of cancer.?! Data of the current study that levels of serum
NO metabolites were higher in obese subjects than that of
the normal control indicated an alarm on the future disease
for those subjects.

This study also found that there were no significant
differences in serum NO metabolites levels between men and
women. These results are similar to data of other studies.'®!”
Although another study found inversely result.'”*® This
warrant for future study.
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Conclusion

For young adults in Riau, Indonesia, the levels of serum NO

metabolites are higher in the central obesity group than that

of the normal. In this population, the body fat percentage,

waist circumference and body mass index are correlated

with serum nitric oxide metabolites levels.
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