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Summary

A visceral fat area of more than 100 cm? as measured by computed tomography (CT) at the umbil-
ical level has been included as a criterion for obesity in all the proposed criteria for metabolic syn-
drome. However, CT cannot be used frequently because of radiation exposure. We evaluated the
usefulness of measurement of the serum levels of nitric oxide (NO), instead of CT and the waist
circumference, as a marker of abdominal visceral fat accumulation.

The study was carried out in 80 subjects. The serum levels of NO metabolites (nitrate/nitrite) were
measured using the Griess reagent.

Simple and multiple regression analysis revealed that the serum levels of NO metabolites showed
the greatest degree of correlation with the visceral fat area (r=0.743, p<0.0001), and correspond-
ed to a visceral fat area of 100 cm?, as determined using the ROC curve, was 21.0 pmol/ml (sensi-
tivity 88%, specificity 82%); this method was more sensitive than the waist circumference for eval-
uation of the visceral fat accumulation.

Measurement of the serum levels of NO metabolites may be a simple, safe, convenient and reliable
method for the evaluation of visceral fat accumulation in clinical diagnostic screening.

visceral fat * obesity * NO metabolite » waist scale  metabolic syndrome

BMI - body mass index; MetS - metabolic syndrome; WHO - World Health Organization;

AHA - American Heart Association; NHLBI - National Heart, Lung, and Blood Institute;

IDF - international diabetes federation; NO - nitric oxide; eNOS - endothelial nitric oxide
synthase; iNOS - inducible nitric oxide synthase; NO metabolite - Nitrate+Nitrite; CT - computed
tomography; hsCRP - high-sensitive C-reactive protein; HOMA-IR - homeostasis model
assessment of insulin resistance; L/S ratio - CT attenuation value ofthe liver to that of the spleen;
FBS - fasting blood sugar; WC - waist circumference; SFA - subcutaneous fat area; VFA - visceral
fat area; TFA - total fat area; AST - alanine aminotransferase; TG - triglyceride
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BACKGROUND

Recently, rapid socioeconomic growth has led to a more
sedentary lifestyle and change in diet over the past sever-
al decades in developed nations. As a result of economic
prosperity, obesity has become a serious health problem in
several Western countries. Although the prevalence of obe-
sity in Asian populations is lower than that in Westerners, it
has been reported that the health risks associated with obe-
sity in Asians are observed at lower body mass index (BMI)
[1] as compared to Westerners.

Many studies have demonstrated a close relationship be-
tween body fat accumulation and occurrence of metabolic
syndrome [2,3]. Specifically, excessive accumulation of ab-
dominal adipose tissue, especially intra-abdominal visceral
fat, leads to obesity-related complications [4,5]. The met-
abolic syndrome, a cluster of glucose intolerance, hyper-
tension, and dyslipidemia with visceral fat accumulation,
is a common health problem in developed nations [6-8].

A simple obesity index is needed to monitor the develop-
ment of obesity because of the worldwide increase in obesity
[9,10]. In the mid-1990s, waist circumference was used as an
independent risk indicator to identify individuals who need-
ed weight management [11-13]. According to the American
Heart Association/National Heart, Lung, and Blood Institute
(AHA/NHLBI) criteria, waist circumference of 40 inches or
more for men and 35 inches or more for women is a risk fac-
tor for development of metabolic syndrome. At the annual
meeting of the Japanese Society of Internal Medicine in April
2005, one of the diagnostic criteria for metabolic syndrome
is abdominal circumference of 85 cm (33.46 inches) for men
and 90 cm (35.43 inches) for women, measured at the umbil-
ical level [14]. However, subcutaneous and visceral fat cannot
be differentially evaluated by measuring only abdominal cir-
cumference. Therefore, a criterion was set for measuring the
area of visceral fat (more than 100 cm?) by computed tomog-
raphy (CT) at the umbilical level [15]. However, CT cannot be
used frequently because of the risk from radiation exposure.

We therefore considered serum nitric oxide (NO) level for
use in the evaluation of abdominal visceral fat accumula-
tion, instead of CT and waist circumference. NO is a vaso-
dilator with a short half-life and acts within a small distance,
and is thus ideally suited to act as a tissue hormone [16,17].
It is thought that NO is involved in adipose tissue biology
by influencing adipogenesis, insulin-stimulated glucose up-
take, and lipolysis [16]. The enzymes for NO generation in
adipose cells are endothelial NO synthase (eNOS) and in-
ducible NO synthase (iNOS) [18-20]. It has been report-
ed that NO inhibits the proliferation, but stimulates the
expression, of 2 adipogenic marker genes — peroxisome
proliferator-activated receptor Y and uncoupling protein
1, in vitroin rat brown preadipocytes [21]. Lipid accumula-
tion and lipogenic enzymes are also induced by NO in rat
white preadipocytes [22]. In addition, it is reported that in-
sulin-stimulated glucose uptake in rat white adipose tissue
is dependent on NO synthesis in vivo [23]. Basal as well as
catecholamine-stimulated lipolysis is inhibited by NO in hu-
man and rat subcutaneous adipose tissue depots [24-27].

Cytokine-dependent regulation of iNOS has also been re-
ported in fat cells [28]. Based on these findings, NO appears

to be an important mediator for adipocyte physiology. Thus,
we investigated the relationship between abdominal viscer-
al fat accumulation and serum NO level, and showed the
clinical significance of measurement of NO metabolites in
serum for the evaluation of fat accumulation.

MATERIAL AND METHODS

Subjects

We evaluated the clinical indices in patients who were ad-
mitted to the Yokohama City University Hospital from 2006
to 2009. The protocol was reviewed and approved by the
institutional ethics review committee. Informed consent
was obtained from all subjects before examination. The
study was carried out in 80 subjects admitted to our hospi-
tal, and was restricted to men and postmenopausal women
to eliminate the influence of pregnancy and female hor-
mone replacement therapy. The study was also restricted
to persons over 20 years of age to reduce the possible con-
founding effect of growth and development. A total of 80
Japanese subjects (38 men and 42 postmenopausal women,
58.0+7.8 years, BMI 24.6+1.1 kg/m?) were evaluated in this
study (Table 1). The proportions of subjects with history of
diabetes mellitus, hyperlipidemia, and hypertension were
25.6%, 24.3%, and 22.7%, respectively.

Measurement for various indices

Venous blood samples were obtained after the patients had
fasted overnight (12 hours), for measurement of the serum
ALT, glucose, insulin, total cholesterol, LDL-cholesterol, HDL-
cholesterol, triglyceride, Fe, Ferritin, high-sensitive C-reactive
protein (hsCRP), type IV collagen 7s domain, and hyaluron-
ic acid. The serum insulin levels were measured by radioim-
munoassay, while the other laboratory biochemical param-
eters were measured in a conventional automated analyzer.

As NO itself is unstable in in vivo physiological condition, we
therefore measured serum NO metabolites (Nitrate/Nitrite)
as indicators of NO level in blood [29]. Plasma samples
(50 pl) were deproteinized by incubation with 140 pl of
deionized H,0 and 10 pl of 30% ZnSO, at room tempera-
ture for 15 min, and the samples were centrifuged at 2000 g
for 10 min. Nitrate was converted to nitrite using cadmium
beads, and total nitrite was measured spectrophotometrical-
ly using a Nitrate/Nitrite Colorimetric assay kit (Cayman
Chemical, Ann Arbor, MI).

Insulin resistance was calculated by the homeostasis model
assessment of insulin resistance (HOMA-IR) using the fol-
lowing formula: [fasting serum insulin (pU/ml) x fasting
plasma glucose (mg/dl)/405]. However, the HOMA-IR was
performed in only 72 subjects for whom the fasting plasma
glucose was under 170 mg/dl, because HOMA-IR has been
reported to be a suitable method for evaluating the pres-
ence of insulin resistance in patients only when the fasting
glucose levels are under 170 mg/dl [30].

Circadian rhythm of NO metabolite levels in human
To examine circadian rhythm of NO metabolite levels in

human, we measured NO metabolite levels 10 times a day
(6:00 am, 8:00 am, 9:00 am, 12:00 pm, 2:00 pm, 3:00 pm,
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Table 1. Clinical characteristics of the study subjects.

n 80 hsCRP (mg/dl) 0.149+0.034
Age (years) 58+7.8 Total cholesterol 199.0+4.0
Sex (male/female) 38/42 HDL-cholesterol (mg/dl) 59.0+2.0
Body Weight (kg) 62.3+1.8 LDL-cholesterol (mg/dl) 112.0+4.0
BMI (kg/m?) 24.6+1.1 Triglyceride (mg/dI) 139.0+10.0
WC(cm) 87.4+1.6 Fe (ug/dI) 128.0+10.0
L/S ratio 1.096+0.033 Ferritin (ng/ml) 245.0+38.0
Visceral fat (cm?) 100.3+6.0 Hyaluronic acid (ng/ml) 55.0+10.0
Subcutaneous fat (cm?) 155.0£15.5 Type IV collagen 7S (ng/ml) 48+0.3
FBS (mg/dl) 99.0+2.0 Nitrate-+Nitrite (umol/ml) 25.84+3.55
Insulin (uU/ml) 7.3%0.8 Hypertension (%) 22.7
HOMA-IR 1.740+0.203 Hyperlipidemia (%) 243
ALT (luN) 45,0+5.0 Diabetes mellitus (%) 25.6
Data are means +5D.

6:00 pm, 8:00 pm, 9:00 pm, 6:00 am) for inpatients on whom
liver biopsy was performed. Since certain foods are known
to be rich sources of NO metabolites, all patients ate meals
at the same times (7:00 am, 1:00 pm, 7:00 pm), and venous
blood samples were obtained 1 hour before, 1 hour after,
and 2 hours after eating a meal.

Detection of NO generation and iNOS expression in
human visceral adipose cells

Human adipose cells were purchased from Cell Garage Co.,
Ltd. (Ishikari, Hokkaido, Japan) and cultured in human pri-
mary mesenterium visceral adipose cells in a 37°C incubator
room. Cells were stimulated with obesity-associated hormones
such as insulin, leptin, and angiotensin II, and superna-
tant for measurement of NO metabolite, and samples for
Western blot analysis were prepared. NO metabolite in super-
natant was measured by Nitrate/Nitrite Colorimetric assay kit
(Cayman Chemical, Ann Arbor, MI). The samples for Western
blot analysis (25 pg of protein/lane) were separated by SDS-
polyacrylamide gel electrophoresis (PAGE), and transferred
to a nitrocellulose membrane using an electroblotting transfer
apparatus. The nitrocellulose membranes were incubated in
blocking buffer (10 mM Tris, 100 mM NaCl, 0.1% Tween 20,
and 5% nonfat milk) overnight at 4°C. Thereafter, the mem-
branes were incubated with rabbit polyclonal anti-iNOS anti-
body (Cayman Chemical, Ann Arbor, MI) for 90 min at room
temperature. The membranes were washed 3 times for 10 min
each in washing buffer, and incubated with the secondary an-
tibody diluted in blocking buffer (anti-rabbit peroxidase-con-
jugated antibody) for 60 min at room temperature. The sig-
nals were then detected by ECL-plus Western blotting starter
kit (GE Healthcare UK Ltd., Amersham Place, Little Chalfont,
Buckinghamshire, England) as described by the manufacture.

Anthropometry and abdominal fat distribution

Anthropometric measurements (height, weight and waist cir-
cumference [WC]) were performed in a standing position.

The weight and height of the patients were measured with a
calibrated scale after the patients removed their shoes and
any heavy items of clothing. Body mass index (BMI) was cal-
culated as weight divided by the square of height (kg/m?).
WC at the umbilical level was measured with a non-stretch-
able tape in the late exhalation phase while standing [31].
Abdominal fat distribution was determined using CT (com-
puted tomography) scanning while the subjects were the
supine position, in accordance with a previously described
procedure [32]. Ordinary CT parameters were used, spe-
cifically, 120 kV and 200 mA, as well as a slice thickness of
5 mm, a scanning time of 2 seconds, and a field of view of
400 mm. The subcutaneous fat area (SFA) and intra-ab-
dominal visceral fat area (VFA) were measured at the level
of the umbilicus and determined by a standardized meth-
od with CT numbers. Briefly, a region of interest of the sub-
cutaneous fat layer was defined by tracing its contour on
each scan, and the attenuation range of CT numbers (in
Hounsfield units) for fat tissue was calculated. A histogram
for fat tissue was computed on the basis of mean attenua-
tion +2SD. Total and intraperitoneal tissue with attenuation
within the mean +2SD were considered to be the total fat
area (TFA) and VFA, and the SFA was defined by subtract-
ing the VFA from the TFA.

Definition of metabolic syndrome

Metabolic syndrome was defined according to the 2005
guidelines of the Japanese Society of Internal Medicine or
the American Heart Association/National Heart, Lung, and
Blood Institute (AHA/NHLBI) criteria [33,34], and World
Health Organization (WHO). In the Japanese guideline,
which is similar to the IDF criteria [35,36], subjects with met-
abolic syndrome must have: abdominal obesity (defined as
WC more than 85 cm in men or more than 90 cm in wom-
en [37]), plus any 2 of the following 3 factors: (1) dyslip-
idemia — hypertriglyceridemia (serum triglyceride concen-
tration more than 150 mg/dl {1.69 mmol/L}) and/or low
HDL-cholesterol (serum concentration less than 40 mg/dl
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Figure 1. The influence of a meal on the levels of NO metabolites
in serum. Samples were collected 10 times a day before 1
hour, after 1 hour, after 2 hour taking a meal. Serum NO
metabolite levels were increased and the influence of a
meal was certainly recognized after 2 hours having a meal
inall 5 patients, but fasting serum NO metabolite levels
were quite stable.

{1.04 mmol/L}); (2) hypertension - systolic blood pressure
more than 130 mmHg and/or diastolic blood pressure more
than 85 mmHg; (3) high fasting glucose — serum glucose
concentration more than 110 mg/dl {6.1 mmol/L}). In the
present study, abdominal obesity was defined as WC more
than 85 cm in men or more than 90 cm in women as re-
ported for the Japanese population [37].

Assessment of hepatic fat content

The degree of liver steatosis was measured by CT. Previous
studies have shown a strong correlation between the CT at-
tenuation values of the liver and the extent of fatty infil-
tration as measured by biopsy [38,39]. The ratio of the CT
attenuation value of the liver to that of the spleen (L/S ra-
tio) was used for quantitative estimation of the hepatic fat
content, with an L/S ratio of <1 being considered to repre-
sent fatty liver [37].

Statistical analysis

All the data were expressed as means =SD. The relationship
between any 2 variables was analyzed by standard correla-
tion analysis conducted using the StatView version 5.0 soft-
ware (SAS, Cary, NC). ANOVA was applied for group com-
parisons, followed by Student’s ¢ test for confirmation of the
statistical associations. The relationship between the L/S
ratio, VFA, or SFA and other relevant covariates was exam-
ined by multiple regression analysis and determination of
the standardized correlation coefficients. Statistical signifi-
cance was assumed when the Pvalue was <0.05.

RESULTS

Characteristic of subjects

Characteristics of study subjects by sex are presented in
Table 1. Of the 80 total subjects, 38 were men and 42 were
women. The mean BMI was 24.2+1.0 kg/m? in men, and
25.0£1.1 kg/m? in women. There was no significant differ-
ence between sexes for BMI, L/S ratio, all serum markers,

Figure 2. Comparison of serum NO metabolite level between
visceral fat area (VFA) under 100 cm? and over 100 cm?.
Each plot represents the individual serum NO metabolite
level, respectively. Each bar represents mean, respectively.
Significant elevation of serum NO metabolites in obese
subjects were observed in comparison to that in non-obese
subjects.

existence of obesity-related disorder and total abdominal
fat area. However, the mean subcutaneous fat area and waist
circumference were higher in women (163.2+23.1 cm?,
84.5£0.8 cm, respectively) than in men (145.8+10.4 cm?,
88.2+3.6 cm), although the mean visceral fat area in men
was higher (104.3+3.1 cm?) than in women (96.2+15.4 cm?)
(p<0.05).

Stability of NO metabolites

As NO is an unstable vasodilator with a short half-life in
physiological condition, we therefore measured serum NO
metabolites (Nitrate/Nitrite) as NO level in blood [27]. To
confirm the stability of NO metabolites after sample collec-
tion, we examined the stability of NO metabolites under the
condition of -80°C for 7 days, and room temperature for 24
hours. As shown in Supplemental Figures 1 and 2, NO me-
tabolites were stable under the storage condition of -80°C
for 7 days and room temperature for 24 hours.

Circadian rhythm of NO metabolite levels in humans

Since certain foods are known to be rich sources of NO me-
tabolites, we measured NO metabolite levels 10 times a day
to examine circadian rhythm and the influence of eating
a meal. Nevertheless, serum NO metabolite levels were in-
creased and the influence of a meal was clearly recognized
2 hours after eating a meal in all 5 patients (Figure 1); se-
rum NO metabolite levels were also waning 2 hours after
eating a meal, and fasting serum NO metabolite levels were
quite stable (Figure 1).

Comparison of serum NO metabolite levels under
100 cm? and over 100 cm? of visceral fat area

We compared serum NO metabolite levels of the group with
visceral fat area under 100 cm? to the group that had visceral
fat area over 100 cm? Significant elevation of serum NO me-
tabolites (nitrate/nitrite) in obese subjects (visceral fat area
over 100 cm?) were observed in comparison to that in non-
obese subjects (visceral fat area under 100 cm?) (Figure 2).
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Figure 3. Simple regression analysis of the relationship between visceral fat area and other factors, and the relationship between NO metabolites
and other factors. The visceral fat area was correlated with the BMI (r=0.652, p<0.0001), body weight (r=0.677, p<0.0001), WC
(r=0.743, p<0.0001), hsCRP (r=0.535, p<0.0001), serum insulin concentration (r=0.485, p<0.0001), and NO metabolite (r=0.743,
p<0.00071). The NO metabolites was correlated with the visceral fat area (r=0.743, p<0.0001), WC (r=0.269, p=0.0228), hsCRP (r=0.472,
p=0.0002), FBS (r=0.287, p=0.0190), serum insulin concentration (r=0.262, p=0.0282), and HOMA-IR (r=0.273, p=0.0264).

Relationship between visceral fat accumulation and

clinical parameters

The relationship between visceral fat area and the other fac-
tors is shown in Figure 3. The visceral fat area was correlated

with: BMI (r=0.652, p<0.0001; Figure 3A); body weight

(r=0.677, p<0.0001; Figure 3B); WC (r=0.743, p<0.0001;
Figure 3C); hsCRP (r=0.535, p<0.0001; Figure 3D); serum

insulin concentration (r=0.485, p<0.0001; Figure 3E); and
NO metabolite (r=0.743, p<0.0001; Figure 3F). WC and NO
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Table 2. Multiple regression analysis of the relationship between VFA, NO metabolite and other associated variables for the entire group.

Risk factors Regression coefficient SE Standardized regression coefficient P-Value

Age 320 330 .082 3385
Sex 20.704 12.238 210 0983
Body weight -210 973 —.065 8299
BMI 1.179 2.814 122 6775

W( 1.756 702 469 0164%*

NO metabolite 752 .196 390 .0055%*
Insulin .207 803 028 7983
hsCRP 22.583 19.870 .108 2632

The dependent variable is the VFA. The independent variables are age, sex, body weight, BMI, WC, NO metabolite, serum insulin, and serum hsCRP.

Risk factors Regression coefficient SE Standardized regression coefficient P-Value

Age -.276 338 =113 4180

Sex -8.898 11.463 -.150 4409

W 16.558 16.383 146 1165

Visceral fat 222 107 387 .0319%*

HOMA-IR -.051 073 -182 5898
Insulin 072 115 .083 53N
FBS -.022 054 -.058 6867
hsCRP 5.010 3.288 252 1332

The dependent variable is the NO metabolite. The independent variables are age, sex, W, visceral fat, HOMA-IR, serum insulin, serum fasting blood

sugar, and serum hsCRP. ** P<0.05 R2 for entire model =0.766. NO metabolite = Nitrate-+Nitrite.

metabolites were closely correlated with visceral fat area.
Multiple regression analysis was performed to quantify the
impact of the measured indices (age, sex, and 6 correlative
factors [BMI, body weight, WC, hsCRP, serum insulin con-
centration, NO metabolites]) on the visceral fat area. The
results shown in Table 2 indicate that the WC and NO me-
tabolites, but not other factors, were significantly related to
the visceral fat area.

Relationship between NO metabolites and clinical
parameters

Next, we examined the relationship between NO metab-
olites in serum and other factors. As shown in Figure 3,
the level of serum NO metabolites was correlated with
the visceral fat area (r=0.743, p<0.0001; Figure 3G), WC
(r=0.269, p=0.0228; Figure 3H), hsCRP (r=0.472, p=0.0002;
Figure 3I), FBS (r=0.287, p=0.0190; Figure 3]), serum in-
sulin concentration (r=0.262, p=0.0282; Figure 3K), and
HOMA-IR (r=0.273, p=0.0264; Figure 3L). In particular,
the visceral fat area was closely correlated with the NO me-
tabolites. Multiple regression analysis was also performed
to quantify the impact of the measured indices (age, sex,
and 6 correlative factors [FA, WC, hsCRP, FBS, serum in-
sulin concentration, HOMA-IR]) on the NO metabolites.
The results shown in Table 2 indicate that only the viscer-
al fat area, but not other factors, were significantly related
to the NO metabolites.

Comparison of NO metabolites and waist circumference
in the association of visceral fat accumulation

As our results indicated that visceral fat area was strongly
correlated with WC and NO metabolites, we compared the
NO metabolites and waist circumference for the associa-
tion with visceral fat area. As shown in Table 3, any of 3 cri-
teria of metabolic syndrome respectively indicated anoth-
er waist circumference. We compared NO metabolite with
each of the 3 criteria of WC. The cut-off value for NO me-
tabolite, which corresponds to VFA 100 cm? using the ROC
curve, was 21.0 pmol/ml (sensitivity 88%, specificity 82%).
Using the same method, the cut-off value for WC of 2005
guidelines of the Japanese Society was 85 cm for men and
90 cm for women (sensitivity 75%, specificity 90%), WHO
was 37 inches for men and women (sensitivity 56%, speci-
ficity 95%), and AHA was 40 inches for men and 35 inch-
es for women (sensitivity 50%, specificity 98%) (Table 3).

Detection of NO generation and iNOS expression in
human visceral adipose cells

We confirmed that visceral adipose cells express NO syn-
thase and can generate NO by stimulation with obesity-asso-
ciated hormones such as insulin, leptin, and angiotensin II.
As shown in Figure 4A, expression of iNOS protein was ob-
served in cultured human visceral adipose cells by the stimu-
lation of obesity-associated hormones. In addition, increase
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Table 3. Comparison the NO metabolite with waist circumference that correspond to VFA 100 cm?in 80 subjects.

Sensitivity (Se) Specificity (Sp)
Se(all) Se(m) Se(f) Sp(all) Sp(m) Sp(f)
WC (Japanese criteria) 75% 78% 71% 90% 87% 95%
WC(WHO criteria) 56% 50% 64% 95% 100% 91%
WC (AHA criteria) 50% 25% 75% 98% 100% 95%
Nitrate + Nitrite 88% 90% 85% 82% 85% 77%

WC —Waist Circumference; Se — Sensitivity; Sp — Specificity; m — male;f — female.

A Control _ Insulin Leptin Angiotensin I
iNOS
GAPDH | TN e M
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Figure 4. Detection of NO generation and iNOS expression in human
visceral adipose cells. (A) Expression of iNOS protein in
cultured human visceral adipose cells stimulated with
obese-associated hormones, such as insulin, leptin,
angiotensin I, was detected by western blot analysis. (B)
Release of NO metabolite (Nitrate/Nitrite) from cultured
human visceral adipose cells stimulated with obese-
associated hormones. Each column represents mean.

in NO generation from cultured human visceral adipose cells
by the stimulation of obesity-associated hormones was also
observed (Figure 4B). These results indicate that the ma-
jority of elevated serum NO was generated from visceral fat.

DiscussIoN

In the present study, we demonstrated marked elevation of
serum NO metabolites (nitrate/nitrite) in obese subjects in
comparison to that in non-obese subjects, even after adjust-
ment for age, sex, waist circumference, hsCRP, BMI, subcu-
taneous fat area, and insulin resistance. We clearly showed
that NO metabolites, but not other factors, were significant-
ly related to the visceral fat area. This is the first report to
demonstrate a strong association between visceral fat area
and serum levels of NO metabolites.

WCis currently widely used for estimation of intra-abdominal
visceral fat area. The increase in WC has been demonstrated
to be a good index of cardiovascular disease [40] and an im-
portant diagnostic marker for metabolic syndrome. Although
CT scanning and magnetic resonance imaging are used for

precise measurements of visceral fat [41,42], simple anthropo-
metric measurements for estimating the amount of visceral fat
are essential for simple screening of the general population.
On the basis of prior studies, WC has been shown to direct-
ly reflect abdominal fat mass [43]. WHO initially proposed
a definition for metabolic syndrome in 1998 [44], and AHA
proposed useful criteria for the diagnosis of the metabolic syn-
drome in 2001 [45]. However, the measurements offered for
cut-off criteria for abdominal circumference of more than 94
cm in men and women by WHO, and more than 102 cm in
men and more than 88 cm in women by AHA for abdominal
obesity, are based on Westerners’ criteria. Therefore, based on
these criteria, the prevalence of metabolic syndrome in the
Asian population is very low [46], because Asians have high-
er risk of diabetes and/or metabolic syndrome even though
they have lower fat measurement. Asian populations have
been shown to have a higher body fat deposition at a lower
BMI than Westerners [47-49]. Abdominal obesity promotes
insulin resistance and leads to metabolic syndrome [50-52].
Therefore, Asians have higher glucose intolerance and car-
diovascular risk factors compared to Westerners at a relative-
ly lower BMI [53]. In 2002, a study of 1193 Japanese subjects
revealed that WC measurement that equated with a visceral
fat area of 100 cm? was a useful cut-off value for the predic-
tion of patients with more than 1 clinical diagnosis (dyslip-
idemia, hyperglycemia and hypertension). This 100 cm? val-
ue is observed in more than 70% of those Japanese patients
identified with coronary heart disease. Therefore, Japanese
guidelines have established a cutoff point for waist circumfer-
ence to be 85 cm in men and 90 cm in women [54].

Based on such reports, it is suggested that WC that corre-
sponds to VFA 100 cm? is extremely different among races
and between the sexes. Moreover, visceral and subcutane-
ous fat obesity cannot be clearly distinguished, and the in-
traobserver and interobserver variability for waist circum-
ference were higher than those for body mass index [55].
Abdominal visceral fat area can be evaluated by CT; howev-
er, CT cannot be used frequently because of the risk of radi-
ation exposure. Thus, a simple, safe, convenient and reliable
marker for the evaluation of visceral fat accumulation is re-
quired in clinical diagnostic screening. We therefore focused
on serum NO level for the evaluation of abdominal viscer-
al fat accumulation, instead of CT and waist circumference.

CONCLUSIONS

NO is a vasodilator with a short halflife and acts within a
short distance, and is thus ideally suited to act as a tissue
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hormone [16,17]. In our preliminary experiments, produc-
tion of NO metabolites was increased in visceral adipose tis-
sue in rats [56]. In the present study we clearly show that
obesity-associated hormones such as insulin, leptin, and an-
giotensin II regulate the production of NO in human cul-
tured visceral adipose cells. These results indicate that vis-
ceral fat might be an important source of NO in humans.
We suggest that measurement of serum NO metabolites
may be a good biomarker for the evaluation of visceral fat
accumulation. In the present study, we clearly demonstrat-
ed the marked elevation of serum NO metabolites in obese
subjects in comparison to non-obese subjects. Our data also
indicate that the marked elevation in serum NO metabolites
were closely correlated with visceral fat area. Therefore, the
monitoring of serum NO metabolite levels may be a more
useful, safer, and more cost-effective biomarker for the di-
agnosis of visceral fat accumulation than CT and WC.

Since certain foods, especially processed meats, are known
to be rich sources of NO metabolites [57], a long-term diet
rich in NO metabolites could affect the serum NO metab-
olite level, and care must be taken to avoid those foods be-
fore measuring serum NO metabolite level.

In conclusion, serum NO metabolites are significantly relat-
ed to visceral fat accumulation. The monitoring of serum
NO metabolite levels may be a simple, safe, convenient and
reliable biomarker for the evaluation of visceral fat accumu-
lation in clinical diagnostic screening.

Conlflict of interest
This manuscript does not contain any conflicts of interest.

REFERENCES:

—

. Steering Committee of the WHO Western Pacific Region, IASO and
IOTF. The Asia-Pacific perspective: Redefining obesity and its treat-
ment, Australia, 2000

N

. Vallianou N, Evangelopoulos A, Panagiotakos D et al: Associations of
acute-phase reactants with metabolic syndrome in middle-aged over-
weight or obese people. Med Sci Monit, 2010; 16(2): CR56-60

. Nomura K, Eto M, Kojima T et al: Visceral fat accumulation and met-
abolic risk factor clustering in older adults. ] Am Geriatr Soc, 2010;
58(9): 1658-63

. Kobayashi H, Nakamura T, Miyaoka K et al: Visceral fat accumulation
contributes to insulin resistance, small-sized low-density lipoprotein,
and progression of coronary artery disease in muddle-aged non-obese
Japanese men. Jpn Circ ], 2001; 65: 193-99

5. Rurik I, Sandholzer H, Kalabay L: Does the dynamicity of weight gain
predict elements of metabolic syndrome? Differences in weight gain of
hypertensive, diabetic, and obese elderly patients: a pilot study in pri-
mary care. Med Sci Monit, 2009; 15(2): CR40-44

. Broncel M, Kozirog M, Duchnowicz P et al: Aronia melanocarpa extract
reduces blood pressure, serum endothelin, lipid, and oxidative stress
marker levels in patients with metabolic syndrome. Med Sci Monit, 2010;
16(1): CR28-34

. Rosolova H, Petrlova B, Simon ] et al: High-sensitivity C-reactive pro-
tein and the hypertriglyceridemic waist in patients with type 2 diabetes
and metabolic syndrome. Med Sci Monit, 2008; 14(8): CR411-15

. Misra MK, Sarwat M, Bhakuni P et al: Oxidative stress and ischemic
myocardial syndromes. Med Sci Monit, 2009; 15(10): RA209-19

. Bigaard J, Spanggaard I, Thomsen BL et al: Self-reported and techni-
cal-measured waist circumferences differ in middle-aged men and wom-
en, J Nutr, 2007; 21: 2263-70

World Health Organization. Obesity: Preventing and managing the glob-
al epidemic, Report of a WHO consultation, WHO, Geneva, Switzerland,
2000

©o

'S

=2

~

oo

=}

10.

451

40 |-

Room temperature

NO metabolites (Nitrate + Nitrite, M)

L L 1 1 1
30 0 1 2 3 6 24 (hrs)

Supplemental Figure 1. The stability of NO metabolites under
the condition of —80°C, 4°C or room
temperature for 24 hours.

807
70| A—Ah—A —A A

—@— Subject 1 (obese)
601 —A— Subject 2 (obese)

(
(
50 —l— Subject 3 (obese)
= —(O— Subject 4 (non-obese)
(

40 .\.\.’_H —\— Subject 5 (non-obese)
WA A A A A
0{o—0—0— =0

10 L 1 1 1 J
Ohr  8hr  24hr  48hr  7days

NO metabolites (Nitrate + Nitrite, M)

Supplemental Figure 2. The stability of NO metabolite under the
condition of —80°C for 8 hours to 7 days.

1

—_

. Lean ME, Han TS, Morrison CE: Waist circumference as a measure for
indicating need for weight management. Br Med J, 1995; 311: 158-61

12. Han TS, van Leer EM, Seidell JC, Lean ME: Waist circumference as a
screening tool for cardiovascular risk factors: evaluation of receiver op-
erating characteristics (ROC). Obes Res, 1996; 4: 533-47

13. Han TS, van Leer EM, Seidell JC, Lean ME: Waist circumference ac-
tion levels in the identification of cardiovascular risk factors: prevalence
study in a random sample. Br Med J, 1995; 311: 1401-5

14. Tanaka S, Yoshiyama M, Imanishi Y et al: MR measurement of visceral

fat: Assessment of metabolic syndrome. Magn Reson Med Sci, 2006; 5:
207-10

15. Examination Committee of Criteria for Obesity Disease in Japan, Japan
Society for the Study of Obesity, New criteria for obesity disease in Japan.
Circ J, 2002; 66: 987-92

. Engeli S, Janke J, Gorzelniak K et al: Regulation of the nitric oxide sys-
tem in human adipose tissue, | Lip Res, 2004; 45: 1640-48

. Stefano GB, Esch T, Bilfinger TV, Kream RM: Proinflammation and
preconditioning protection are part of a common nitric oxide mediat-
ed process. Med Sci Monit, 2010; 16(6): RA125-30

18. Andersson K, Gaudiot N, Ribiere C et al: A nitric oxide-mediated mecha-
nism regulates lipolysis in human adipose tissue in vivo. Br ] Pharmacol,
1999; 126: 1639-45

19. Ribiere C, Jaubert AM, Gaudiot N et al: White adipose tissue nitruc ox-
ide synthase: a potencial source for NO production. Bio Bio Res Com,
1996; 222: 706-12

20. Elizalde M, Ryden M, van Harmelen V et al: Expression of nitric oxide
synthases in subcutaneous adipose tissue of nonobese and obese hu-
mans. ] Lipid Res, 2000; 41: 1244-5121. Nisoli E, Clementi E,
Tonello C et al: Effects of nitric oxide on proliferation and differentia-
tion of rat brown adipocytes in primary cultures. Br ] Pharmacol, 1998;
125: 888-94

22. Yan H, Aziz E, Shillabeer G et al: Nitric oxide promotes differentiation
of rat white preadipocytes in culture. J Lipid Res, 2002; 43: 2123-29

1

f=zl

1

~

CR130



Med Sci Monit, 2011; 17(3): CR123-131

Fujita K et al - Nitric oxide and visceral fat

23.

Roy D, Perreault M, Marette A: Insulin stimulation of glucose uptake
in skeletal muscles and adipose tissues in vivois NO dependent. Am ]
Physiol, 1998; 274: 692-99

24. Jordan J, Tank J, Stoffels M et al: Interaction between b-adrenergic re-

26.

27.

28.

29.

30.

31.

32.

33.

36.

ceptor stimulation and nitric oxide release on tissue perfusion and me-
tabolism. J Clin Endocrinol Metab, 2001; 86: 2803-10

. Boschmann M, Jordan J, Adams F et al: Tissue-specific response to in-

terstitial angiotensin 2 in humans. Hypertension, 2003; 41: 37-41

Gaudiot N, Jaubert AM, Charbonnier E et al: Modulation of white ad-
ipose tissue lipolysis by nitric oxide. | Biol Chem, 1998; 273: 13475-81

Kiictikatay V, Hacioglu G, Ozkaya G et al: The effect of diabetes melli-
tus on active avoidance learning in rats: the role of nitric oxide. Med
Sci Monit, 2009; 15(3): BR88-93

Pilon G, Penfornis P, Marette A: Nitric oxide production by adipocytes:
arole in the pathogenesis of insulin resistance? Horm Metab Res, 2000;
32: 480-84

Chapman ME, Wideman RF Jr: Evaluation of total plasma nitric oxide
concent — rations in broilers infused intravenously with sodium nitrite,
lipopolysaccharide, aminoguanidine, and sodium nitroprusside. Poult
Sci, 2006; 85: 312-20

Ono T, Shiga N, Taneda Y, Umemura S: The fasting-plasma glucose
range in which insulin resistance measured by homeostasis model as-
sessment correlates with euglycemic clamping. ] Jpn Diabetes Soc, 1999;
42:1005-11

Tokunaga K, Matsuzawa Y, Ishikawa K, Tarui S: A novel technique for
the determination of body fat by computed tomography. Int J Obes,
1983; 7: 437-45

Yoshizumi T, Nakamura T, Yamane M et al: Abdominal fat: Standardized
technique for measurement at CT. Radiology, 1999; 211: 283-86
Committee for Japanese Definition of Metabolic Syndrome. Definition

and criteria of metabolic syndrome. J Jpn Soc Intern Med, 2005; 94:
794-809

. Grundy SM, Cleeman JI, Daniels SR et al: Diagnosis and management

of the metabolic syndrome: An American Heart Association/National
Heart, Lung, and Blood Institute Scientific Statement. Circulation,
2005; 112: 2735-52

. The IDF consensus worldwide definition of the metabolic syndrome.

Available at: hitp://waww.idf.org/webdata/docs/IDF_Metasyndrome_definition. pdf

Alberti KG, Zimmet P, Shaw J: IDF Epidemiology Task Force Consensus
Group. The metabolic syndrome: A new worldwide definition. Lancet,
2005; 366: 1059-62

37. Japan Society for the Study of Obesity: The Examination Committee

38.

40.

41.

of Criteria for “Obesity Disease” in Japan. New criteria for “obesity dis-
ease” in Japan. Circ J, 2002; 66: 987-92

Piekarski J, Goldberg HI, Royal SA et al: Difference between liver and
spleen CT numbers in the normal adult: its usefulness in predicting the
presence of diffuse liver disease. Radiology, 1980; 137: 727-29

. Ricci G, Longo R, Gioulis E et al: Noninvasive in vivo quantitative as-

sessment of fat content in human liver. ] Hepatol, 1997; 27: 108-13

Han TS, Van Leer EM, Seidell JC, Lean ME: Waist circumference ac-
tion levels in the identification of cardiovascular risk factors: prevalence
study in a random sample. BMJ, 1995; 311: 1401-5

Tokunaga K, Matsuzawa Y, Ishikawa K, Tarui S: A novel technique for

the determination of body fat by computed tomography. Int | Obes,
1983; 7: 437-45

42,

44,

45.

46.

47.

48.

Seidell JC, Bakker CJ, van der Kooy K: Imaging techniques for measur-
ing adipose-tissue distribution: A comparison between computed tomog-
raphy and 1.5T magnetic resonance. Am J Clin Nutr, 1990; 51: 953-57

. Perry AC, Applegate EB, Allison ML et al: Relation between anthropo-

metric measures of fat distribution and cardiovascular risk factors in
overweight pre- and postmenopausal women. Am J Clin Nutr, 1997; 66:
829-36

Alberti KG, Zimmet PZ: Definition, diagnosis and classification of dia-
betes mellitus and its complications. Part 1: diagnosis and classification
of diabetes mellitus provisional report of a WHO consultation. Diabet
Med, 1998; 15: 539-53

Executive Summary of The Third Report of The National Cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol In Adults (Adult Treatment
Panel I1I). JAMA, 2001; 285: 2486-97

Lear SA, Chen MM, Frohlich JJ, Birmingham CL: The relationship
between waist circumference and metabolic risk factors: cohorts of
European and Chinese descent. Metabolism, 2002; 51: 1427-32

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

Gurrici S, Hartriyanti Y, Hautvast JG, Deurenberg P: Relationship be-

tween body fat and body mass index: differences between Indonesians
and Dutch Caucasians. Eur ] Clin Nutr, 1998; 52: 779-83

. Park YW, Allison DB, Heymsfield SB, Gallagher D: Larger amounts of

visceral adipose tissue in Asian, Americans Obes Res, 2001; 9: 381-97

. Grundy SM: Hypertriglyceridemia, insulin resistance, and the metabol-

ic syndrome, Am J Cardiol, 1999; 83: 25-29

. Abel T, Feher ], Dinya E et al: Safety and efficacy of combined ezeti-

mibe/simvastatin treatment and simvastatin monotherapy in patients
with non-alcoholic fatty liver disease. Med Sci Monit, 2009; 15(12):
MS6-11

52. Jastrzebska M, Chelstowski K, Mierzecki A et al: Effects of fenofibrate

treatment on prothrombotic state in patients with metabolic syndrome in
relation to smoking and diabetes. Med Sci Monit, 2009; 15(5): P127-34

. Unwin N, Harland J, White M et al: Body mass index, waist circumfer-

ence, waist-hip ratio, and glucose intolerance in Chinese and Europid
adults in Newcastle, UK]. Epidemiol Community Health, 1997; 51:
160-66

. The Examination Committee of Criteria for ‘Obesity Disease’ in Japan,
Japan Society for the Study of Obesity. New criteria for ‘obesity disease’

in Japan. Circ J, 2002; 66: 987-92

. Nddas J, Putz Z, Kolev G et al: Intraobserver and interobserver vari-

ability of measuring waist circumference. Med Sci Monit, 2008; 14(1):
CR15-18

. Fujita K, Nozaki Y, Wada K et al: Nitric oxide plays a crucial role in the

development/progression of nonalcoholic steatohepatitis in the cho-
line-deficient, l-amino acid-defined diet-fed rat model. Alcohol Clin
Exp Res, 2010; 34(Suppl.1): S18-24

. Wawrzyniak A, Szczepanska M, Hamutka J, Szymczyk K: Assessment of

nitrates and nitrites contents in preschool food rations. Rocz Panstw
Zakl Hig, 2008; 59(3): 273-81

CR131



