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Abstract

Background: Nitric oxide (NO) plays a role in almost every biologic system including regulation of energy balance and food intake. This
study aimed at determining association between serum nitric oxide metabolite (NO, ) levels and obesity in a population-based study.

Methods: In a cross-sectional study, NO, levels were measured in 3505 adult participants. Pregnant women and those with diabetes,
renal dysfunction, chronic diarrhea, and hospitalization within the past three months, subjects using antihypertensive medications or aspirin,
and those with missing data were excluded. Finally, 2445 subjects (1004 men and 1441 women) were included.

Results: Women with body mass index (BMI) > 30 kg/m? compared to those with BMI < 25 kg/m?, had significantly higher serum NO, con-
centrations after multivariable adjustment (B = 5.24, P = 0.002). In addition, there was a significant trend of increasing serum NO, concen-
trations in categories of BMI in women. Women with a waist circumference (WC) 2 90 cm had significantly higher serum NO, concentration
even after multivariate adjustment. Women with waist-to-hip ratio (WHR) 2 0.90 had significantly higher serum NO, concentration; however,
the association was not significant after multivariable adjustment. None of the parameters were significantly associated with NO_ in men.

Conclusion: A positive association between BMI and WC and serum NO, concentration was found in women which might be a reflection

of increased NO production.
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Introduction

itric oxide (NO), a colorless inorganic free radical gas, is
N produced in all tissues'? and plays a role in almost every
biologic system.?> NO is produced from oxidation of N
atoms of L-arginine* by three NO synthase (NOS, EC 1.14.13.39)
isozymes including endothelial (eNOS), neuronal (nNOS), and
inducible (iNOS) enzymes.’ The short half-life and low concen-
tration of NO in vivo make it difficult to measure directly; there-
fore, its stable end products (nitrate + nitrite = NO ) are measured.®
NO_ measurement is the most suitable method for assessment of
NO synthesis in vivo* and a high correlation between endogenous
NO production and serum NO, levels has been reported.® Al-
though beneficial effects of NO in physiologic ranges have been
established,” high NO_ levels are positively associated with risk
for adverse health outcomes® and increased serum NO_ levels
have been reported in a group of diseases including cardiovascu-
lar diseases (CVD),' hyperlipidemia,' diabetes,"” and metabolic
syndrome.’ Excessive NO production by iNOS is a mediator of
nonspecific tissue damage and may be involved in the pathogen-
esis of metabolic disorders, including obesity-linked type 2 diabe-
tes.!”
NO plays an important role in regulation of energy balance and
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food intake in mice."! Both eNOS and iNOS are present in human
adipose tissue, which may be a source of NO production.'>"* NO
has an inhibitory effect on both basal and catecholamine-stimu-
lated lipolysis and plays a physiologic role in the regulation of
lipolysis in human.' iNOS is markedly induced in the fat of obese
rats and iNOS-mediated NO production may cause obesity-linked
insulin resistance.'?

Based on our knowledge, there is no documented study on the
relation between serum NO_ and obesity indices in an epidemio-
logic setting; therefore, this study aimed at determining the as-
sociation between serum NO_ levels and obesity in a population-
based study.

Subjects and Methods

Study subjects

The Tehran Lipid and Glucose Study (TLGS) is a prospective
study being conducted with the aim of determining the prevalence
of noncommunicable disease risk factors.'® In the TLGS, 10368
people, aged 20 years and over, living in district 13 of Tehran,
were selected by a multistage cluster random-sampling method.
In the third phase of TLGS, 2006 through 2007, NO_ measure-
ments were done for 3505 participants, aged over 20 years. Ex-
cluded were pregnant women, participants with renal dysfunction
(creatinine > 123.8 umol/L), chronic diarrhea, and hospitalization
during the past three months, as were subjects who had diabe-
tes, those using antihypertensive medication (including nitrites,
diuretics, calcium channel blockers, angiotensin- converting en-
zyme inhibitors, and beta- blockers), or aspirin and any subject
with missing data. After application of exclusion criteria, 2445
subjects (1004 men and 1441 women) were enrolled in the study.
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Table 1. Characteristics of the study participants?

Parameters Men (n = 1004) Women (n = 1441) P-value®
Age (years) 42.1+154 39.8+13.5 <0.001
Body mass index (kg/m?*) 264+42 27.1+49 <0.001
Waist circumference (cm) 93.9+10.9 85.5+13.0 <0.001
Waist-to-hip ratio 0.95 £ 0.06 0.83 £0.08 <0.001
Systolic blood pressure (mm Hg) 117+15 108+ 16 <0.001
Diastolic blood pressure (mm Hg) 73.6£9.7 70.0 +10.1 <0.001
Fasting serum glucose (mmol/L) 4.99+0.48 4.86 £0.47 0.001
Total cholesterol (mmol/L) 4.86 +1.03 4.84 +0.98 0.715
Triglycerides (mmol/L) 1.59 (1.54-1.65) 1.24 (1.22-1.28) <0.001
HDL-C (mmol/L) 0.99+0.22 1.18 £0.26 <0.001
LDL-C (mmol/L) 3.00 +0.88 3.00 £ 0.83 0.904
Creatinine (umol/L) 103 £ 11 86+ 11 <0.001
Current smoker (%) 19.5 1.5 <0.001
History of CVD (%) 2.0 0.5 <0.001

2 Data are mean = SD and percent for continuous and categorical variables respectively except for triglycerides for which geometric mean (95 % confidence
interval) is presented; *: By independent t-test and chi-square test for continuous and categorical variables respectively; HDL-C: high-density lipoprotein
cholesterol; LDL-C: low-density lipoprotein cholesterol; CVD: cardiovascular disease.

Table 2. Association between serum NO, concentration (as dependent variable) and BMI, WC, and, WHR (as independent variables)

Parameters Men Women

B SE P-value B SE P-value
Unadjusted
BMI: 25-30 -0.05 1.35 0.973 3.23 1.28 0.012
BMI > 30 -0.20 1.82 0.914 7.31 1.46 <0.001
WC >90 -1.04 1.31 0.428 5.19 1.14 <0.001
WC >95 -1.28 1.22 0.297 4.81 1.28 <0.001
WHR > 0.95 [men]; > 0.90 [women] 0.423 1.23 0.731 4.59 1.32 <0.001
Multivariable adjusted*
BMI: 25-30 -0.47 1.36 0.728 2.14 1.38 0.122
BMI > 30 -0.90 1.86 0.627 5.4 1.67 0.001
WC =90 -1.61 1.36 0.235 2.82 1.36 0.038
WC =95 -1.68 1.24 0.176 1.69 1.47 0.250
WHR > 0.95 [men] and > 0.90 [women] -0.26 1.33 0.844 0.735 1.54 0.406

*Adjustments were done for age, serum total cholesterol, serum triglycerides, systolic blood pressure, fasting serum glucose, and menopausal status in women;
and for age, fasting serum glucose, smoking, history of cardiovascular disease, and using medications for thyroid disorders and dyslipidemia in men; BMI:
body mass index; WC: waist circumference; WHR: waist-to-hip ratio; B: regression coefficient; SE: standard error.

The Ethics Committee of Shahid Beheshti University of Medi-
cal Sciences approved the proposal of this study, and a written
informed consent was obtained from all subjects.

Anthropometric, clinical, and laboratory assessments

Details of data collection in the TLGS have been published pre-
viously;!” in brief, weight and height were measured according
to standard protocols. Body mass index (BMI) was calculated as
weight (kg) divided by square of height (m?*). Two measurements
of systolic and diastolic blood pressures were performed after a
15- minute rest in a sitting position; the mean of the two measure-
ments was considered the subject’s blood pressure.

To avoid the influence of drugs, smoking, and nitro-compounds
from food, blood samples were taken after 12 — 14 hours over-
night fasting, and centrifuged within 30 — 45 minutes of collec-
tion; all blood analyses were done at the TLGS research labora-
tory on the day of blood collection. Serum NO, concentration was
measured by the Griess reaction,® which has been validated in our
laboratory.'® In brief, serum samples were deproteinized by zinc
sulfate (15 mg/mL), and centrifuged at 10000 g for 10 minutes;
a 100 pL of the supernatant was transferred to a microplate well,
and 100 pL vanadium (II) chloride (Aldrich®) (8 mg/mL) was
added to each well to reduce nitrate to nitrite, as the Griess re-

522 Archives of Iranian Medicine, Volume 16, Number 9, September 2013

action detects only nitrite. Griess reagents [S0 uL sulfanilamide
(2 %) and 50 pL N-(1-Naphthyl) ethylendiamine dihydrochloride
(Sigma®) (0.1 %)] were then added and samples were incubat-
ed for 30 minutes at 37 °C; absorbance was read at 540 nm using
the enzyme-linked immunosorbent assay (ELISA) reader (Sun-
rise, Tecan, Austria). Serum NO_ concentration was determined
from the linear standard curve established by 0 — 100 uM sodium
nitrate. Inter- and intra-assay coefficients of variation (CV) were
5.2 % and 4.4 %, respectively. The sensitivity of the assay was 2.0
umol/L and its recovery was 93 £ 1.5 %.

Serum glucose was measured using the enzymatic colorimetric
method with glucose oxidase. For the oral glucose tolerance test,
75 grams of glucose solution was administered orally to subjects
and a blood sample was taken two hours later. Total cholesterol
(TC) was assayed using the enzymatic colorimetric assay with
cholesterol esterase and cholesterol oxidase. Serum triglycerides
(TG) were assayed, using enzymatic colorimetric method with
glycerol phosphate oxidase. Measurement of high-density lipo-
protein cholesterol (HDL-C) was done after precipitation of the
apolipoprotein B containing lipoproteins with phosphotungstic
acid. The analyses were performed using commercial kits (Pars
Azmoon Inc., Tehran, Iran) and a Selectra 2 auto-analyzer (Vital
Scientific, Spankeren, Netherlands); low-density lipoprotein cho-
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Figure 1. Multivariable- adjusted mean values of serum NO, concentrations according to BMI
groups and sex. *: P for trend was 0.001 in women.

lesterol (LDL-C) concentrations in samples were calculated with
the Friedewald equation: LDL-C = TC-HDL-C-TG/5." Intra-and
interassay CVs were both 2.2 % for glucose. For both TC and
HDL-C, intra- and interassay CVs were 0.5 % and 2.0 %, respec-
tively. Intra- and interassay CVs for TG were 0.6 % and 1.6 %,
respectively.

Definition of terms

We used the American Diabetes Association definition of diabe-
tes, i.e., fasting serum glucose > 7.0 mmol/L or two-hour serum
glucose > 11.1 mmol/L and/or pharmacologic treatment.”” Cut-off
points of waist circumference (WC) were selected according to the
first report of the Iranian National Committee of Obesity, which
proposed WC > 90 cm as at risk and WC > 95 cm as high risk for
CVD events.?! Cut-off points for waist-to-hip ratio (WHR) were
selected according to Hadaegh, et al. to be > 0.95 in men and >
0.90 in women for predicting cardiovascular outcomes.” Family
history of CVD reflected prior diagnosis of CVD in first-degree
female relatives, under 65 years of age or first-degree male rela-
tives, aged less than 55 years.” Smoking was defined as using >
one cigarette per day or using waterpipe.

Statistical analysis

Data were analyzed with SPSS program (SPSS Inc., Chicago,
IL, USA; Version 17). Independent sample t-test and chi-square
test were used for comparing continuous and categorical vari-
ables, respectively between men and women. Multiple regression
analysis was used to determine association between serum NO_
concentrations and BMI; adjustments were done for those vari-
ables that had a p, less than 0.2 in univariate analyses (age, fast-
ing serum glucose, history of CVD, smoking, and using thyroid
or antithyroid drugs in men; age, TC, TG, systolic blood pressure,
fasting serum glucose, and menopausal status in women); P, or
P- value for entry determines how many variables are eventually
included in the model.** Two-sided P- values less than 0.05 were
considered statistically significant.

Results

In this cross-sectional study, 2445 subjects (1004 men and 1441

women), aged 20 — 87 years, were investigated. Characteristics
of the study participant according to gender are shown in Table
1. Men were older and, compared to women, had higher values
for systolic and diastolic blood pressures, TG, WC, WHR, and
creatinine and lower values of BMI and HDL-C.

In women, there was a significant positive correlation between
BMI and serum NO_ concentration (r = 0.153, P < 0.001, n =
1441) and correlation was higher for BMI > 40 kg/m? (r = 0.441,
P = 0.04, n = 22). No significant correlation between BMI and
serum NO, concentration was found in men (r = 0.013, P=0.676,
n=1004).

Associations between serum NO_ concentrations and obesity in-
dices (BMI, WC, and WHR) according to regression analysis are
shown in Table 2. None of the parameters were significantly asso-
ciated with NO, in men. After multivariable adjustment, women
with BMI > 30 kg/m? compared to those with BMI < 25 kg/m?,
had significantly higher serum NO, concentrations (B = 5.24, P
= 0.002). In addition, there was a significant trend of increasing
serum NO_concentrations in categories of BMI in women (Figure
1). Women with WC > 90 cm had significantly higher serum NO_
concentrations, a significance that remained after multivariate
adjustment; women with WHR > 0.90 however also had signifi-
cantly higher serum NO_ concentration but the association did not
remain significant after multivariable adjustment.

Discussion

The results of this study showed a positive association between
BMI and WC and serum NO_ concentrations in women selected
from a population-based study. Increased serum NO_ levels in
overweight and obese women might be a reflection of increased
NO production.

In this study, NO_was associated with BMI and WC in women,
but not in men; in line with our results, Olszanecka-Glinianowicz,
et al. studying 154 women, reported higher serum NO concen-
trations in overweight and obese women, compared to controls;'?
again, similar to our findings, they also found significant posi-
tive correlations between serum NO and BMI. Fujita, et al. re-
ported higher serum NO_ concentrations in obese subjects due to
NO production by visceral fat.* In agreement with our results,
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Kondo, et al. reported no significant correlation between abdomi-
nal obesity and NO_ concentration in men*® and Higashi, et al.
have found no difference between plasma NO, concentrations in
normal weight and obese men, although their results were limited
by a low number of subjects.”’ Even in healthy subjects, there is
controversy over the difference between serum NO_ concentra-
tions in men and women.?® Although from the results of our study
we could not explain the reason underlying the difference in NO_
levels between obese men and women, but it has been speculated
that “men might not be as susceptible as women in terms of endo-
thelial responsiveness to the circulating adipocytokines produced
by visceral fat tissue”.?

Increased NO metabolites in overweight and obese adolescents,
aged 14 — 19 years, have previously been reported and it has been
proposed that obesity leads to increase in NO production in hu-
mans.” We also previously reported that the upper limit of refer-
ence values for serum NO_ concentrations were higher in other-
wise healthy overweight and obese girls, aged four to 19 years.*
However, contradictory to our results, Gruber, et al. reported a
decrease in serum NO_ in obese juveniles, due to increased oxi-
dative stress.’! Recently, Higashino, et al. reported increased se-
rum NO_ levels in a group of diseases and suggested that it may
be due to increase in NO production through cytokine-induced
iNOS induction;' a similar mechanism may occur in overweight
and obesity, findings in support of which, Lin, et al. have reported
marked decrease in serum NO_ concentration in obese subjects
after weight reduction surgery.® In addition, it has been shown
that obese subjects have a capacity for increased NO production.®®

Nitrite and nitrate have previously been considered as inert oxi-
dation products of NO and as surrogates for endothelial function;
however, recently it has been shown that nitrite/nitrate are physi-
ologically relevant storage reservoirs of NO.** It has been shown
that NO synthesized within a specified location could be trans-
ported in blood as nitrite to distant organs and provide protection
against ischemic injury;* therefore, it could be speculated that in-
creased levels of NO_ in overweight and obese subjects may be a
compensatory mechanism against obesity-related changes.

As limitations of the study, we did not record the diet of the par-
ticipants, which is a source for NO,_ in body fluids in addition to
endogenous NO synthesis;*® however, we measured samples after
10 — 12 hours fasting, when plasma NO_ is mainly reflective of
endogenous NO production.’**” In addition, due to the cross-sec-
tional design of our study we could not draw a causal relationship.

In conclusion, the results of this study showed a positive as-
sociation between BMI and WC and serum NO, concentrations
in women. Increased serum NO, levels in overweight and obese
women might be a reflection of increased NO production.
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