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concentrations of serum insulin and the homeostasis model 
assessment of insulin resistance index; the interaction be-
tween  L -arginine and selenium significantly reduced the 
fasting concentration of nitric oxides (NO x ), and HDEL low-
ered triglycerides (TG) and WC and significantly increased 
the fasting concentration of NO x . HDEL reduced high-sensi-
tivity C-reactive protein levels in the first half of the study and 
returned them to basal levels in the second half.  Conclusion:  
These data indicate the beneficial effects of  L -arginine on 
central obesity, selenium on insulin resistance and HDEL on 
serum concentrations of NO x  and TG. 

 Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Central obesity (also known as ‘abdominal obesity’) is 
a characteristic of male obesity. However, in the Middle 
East, central obesity is more prevalent in females than in 
males  [1] . The prevalence of central obesity in females in 
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 Abstract 

  Background/Aims:  We aimed to discover if  L -arginine and 
selenium alone or together can increase the effect of a hy-
pocaloric diet enriched in legumes (HDEL) on central obesity 
and cardiovascular risk factors in women with central obe-
sity.  Methods:  This randomized, double-blind, placebo-con-
trolled trial was undertaken in 84 premenopausal women 
with central obesity. After a 2-week run-in period on an iso-
caloric diet, participants were randomly assigned to a con-
trol diet (HDEL),  L -arginine (5 g/day) and HDEL, selenium (200 
 � g/day) and HDEL or  L -arginine, selenium and HDEL for 
6 weeks. Cardiovascular risk factors were assessed before 
 intervention and 3 and 6 weeks afterwards.  Results:  After 
6 weeks,  L -arginine had significantly reduced waist circum-
ference (WC); selenium had significantly lowered fasting 
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Iran is 54.4% according to criteria set by the Adult Treat-
ment Panel III, and 73.4% according to criteria set by the 
International Diabetes Federation  [2] . Abdominal obesi-
ty raises the risk of cardiovascular disease (CVD) through 
major risk factors (e.g. hypertension, hyperglycemia, hy-
percholesterolemia) and emerging risk factors (e.g. insu-
lin resistance, atherogenic dyslipidemia, prothrombotic 
state, proinflammatory state)  [3] . Strategies which can 
help to reduce abdominal adipose tissue and cardiovas-
cular risk factors will be of obvious clinical importance. 

  Most of the studies focusing on oral supplementation 
with  L -arginine have been conducted in patients with dif-
ferent types of heart disease and have investigated the 
function of coronary endothelial cells. Studies on the ef-
fects of such supplementation in females with central 
obesity are lacking. Oral consumption of high doses of 
 L -arginine has been shown to reduce abdominal adipose 
tissue in animal models  [4–6]  and to reduce central obe-
sity in subjects with type 2 diabetes mellitus  [7] . 

   L -Arginine produces nitric oxide (NO) by the action of 
NO synthase (NOS). Endothelial NOS (eNOS) and neu-
ronal NOS enhance the serum concentration of NO. It 
appears that this level of NO in the serum has beneficial 
effects on health  [8–10] . However, inducible NOS (iNOS) 
increases the NO concentration to an extent that produc-
es deleterious effects upon health  [8, 10–12] . In environ-
ments with high levels of reactive oxygen spices, NO is 
oxidized and converted to peroxynitrite  [13] . Antioxi-
dants such as selenium can neutralize free radicals and 
increase the bioavailability of NO. In animal studies, 
iNOS (–/–) /apolipoprotein E (–/–)  mice showed a reduction 
in the levels of markers of oxidant stress and improved 
atherogenesis  [14, 15] . Conversely, selenium decreased li-
popolysaccharide-induced NO production by iNOS to 
pathological levels in murine macrophage cultures in vi-
tro  [16] , and selenium deficiency enhanced iNOS expres-
sion in RAW 264.7 macrophages  [17] . Also, a contrary 
association between the cellular concentration of seleni-
um and iNOS expression in RAW 264.7 cells stimulated 
by lipopolysaccharide was observed  [17] . We selected par-
ticipants from a population whose mean serum level of 
selenium was lower than normal values [18], so we ac-
companied selenium supplementation with  L -arginine 
supplementation. We needed a basic diet for all groups to 
show the effects of supplementation with arginine and 
selenium. Hence, we used a basic hypocaloric diet in all 
groups. Apart from being a food associated with protec-
tion of the cardiovascular system, legumes are an inex-
pensive and rich source of  L -arginine and selenium. 
Hence, we enriched the basic hypocaloric diets with 2 

servings of legumes a day. With a hypocaloric diet en-
riched in legumes (HDEL) and supplementation with  L -
arginine, we could increase the total intake of  L -arginine 
to approximately 9 g/day. This figure has been quoted as 
being the minimum amount that has a reducing effect on 
central obesity  [7] .

  This is the first time that the effect of low doses of  L -
arginine, selenium and HDEL, each alone or together, on 
central obesity and CVD risk factors in females with cen-
tral obesity has been studied. We wanted to find out if  L -
arginine and selenium, each alone or together, can in-
crease the effect of HDEL.  L -Arginine was administered 
to enhance the physiologic level of NO. Selenium was giv-
en to ameliorate antioxidant defenses, to increase NO 
availability and to prevent the production of NO to patho-
logic levels. HDEL was administered as a rich source of 
 L -arginine and selenium and as the basis of treatment for 
central obesity.

  Methods 

 Ethical Approval of the Study Protocol 
 The study was approved by the Ethics Committee of the Tabriz 

University of Medical Sciences (Tabriz, Iran). It is registered
at www.irct.ir (Iranian Registry of Clinical Trials ID: 
IRCT138712101720N1). Written informed consent was obtained 
from all selected subjects. 

 Study Design 
 This was a randomized, double-blind, placebo-controlled 

study which lasted 8 weeks. Because of interaction between NO 
and estrogens, we could study only one sex and we selected fe-
males.

  Participants 
 We placed advertisements for inclusion in the study in local 

newspapers. A total of 257 premenopausal women were screened. 
  Inclusion criteria were as follows: age (premenopausal women 

aged 20–50 years), waist circumference (WC)  1 88 cm, no par-
ticipation in weight reduction programs and maintenance of a 
stable weight ( 8 2 kg) during the previous 6 months. 

  Exclusion criteria were as follows: any secondary cause of 
 hyperglycemia (such as trauma) or hypertension (such as renal 
disease); treatment with oral hypoglycemic agents or insulin, an-
tilipemic drugs or antihypertensive drugs; consumption of vita-
min or mineral supplements, nitrate,  L -arginine, selenium or ant-
acids containing magnesium or calcium; psychiatric disorders; 
untreated hypothyroidism; cancer; hepatic, systemic, pulmonary 
or renal disease or CVD; inflammatory or infectious disease; 
smoking; alcoholism, and legume intolerance. 

  Finally, 84 premenopausal women were enrolled. Of these, 16 
were excluded and did not complete the study, 3 patients because 
of transient skin dermatitis in the  L -arginine group, 1 patient be-
cause of dysmenorrhea in the  L -arginine plus selenium group and 
12 patients because of poor compliance. Sixty-eight women re-
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mained for analysis.  Figure 1  shows the flowchart for enrolment 
of the participants in the study.

  Diets 
 The caloric needs for each subject were determined individu-

ally using the equation from the Food and Nutrition Board of the 
Institute of Medicine  [19] . In the run-in period, the participants 
consumed an isocaloric diet for 2 weeks. In the intervention pe-
riod, members of all groups were on HDEL (which comprised 
two servings per day of legumes instead of meat). The composi-
tion of all diets was 55% carbohydrate, 30% fat and 15% protein. 
All participants in all groups were given a diet which contained 
500 kcal less than their caloric needs in the intervention period. 
Participants were being visited every week; each session for each 
participant lasted 20–30 min. Behavioral counseling was insti-
gated. The nutritionist described the advantages of the diets for 
the participants and told them that central obesity could be con-
trolled by continuing the diets. Diets were prescribed individu-
ally using a calorie count system. Also, an ‘exchange list’ was 
given to each participant for calorie counting and exchanging 
food items. A nutritionist taught participants how to write ‘food 
diaries’. Each participant had to write 3-day diet and physical 
activity records before the run-in period as well as before, in the 

middle and at the end of the intervention. The diaries were eval-
uated by the investigators. A menu for 7 days with 42 meals and 
snacks at 17 calorie levels (1,200–2,800) was developed for each 
diet. Participant compliance was evaluated by reviewing the 
3-day food records and weekly visits. Each week, the number of 
reported food group exchanges from the 3-day food records was 
compared with prescribed exchanges. Participants who complet-
ed  6 80% of the planned diet were encouraged to follow it dili-
gently for the subsequent weeks. Volunteers who did not com-
plete  6 80% of the prescribed diet for 2 successive weeks were 
excluded from the study (n = 12). Supplements of  L -arginine and 
selenium were delivered every week, and participants were en-
couraged to use them regularly. Unused tablets were counted at 
each visit and collected at the end of the treatment period to mea-
sure compliance. Subjects consumed 96  8  3.5% of the pills as-
signed. 

  Study Procedures 
 We had contact with the subjects on a weekly basis during the 

8 weeks of the study. The true isocaloric needs of some of the sub-
jects were different from the amount determined by the equation 
from the Food and Nutrition Board of the Institute of Medicine. 
In such individuals, an isocaloric diet would cause reduction or 

Assessed for
eligibility
n = 257

Enrolment

Not meeting inclusion
criteria n = 101

Refused to participate
n = 51

Agreed to
participate and

randomized
n = 105

HDEL + placebo
of Arg + placebo

of Se (n = 21)  

HDEL + Arg
+ placebo

of Se (n = 21) 

HDEL + placebo
of Arg + Se

(n = 21)

HDEL + Arg
+ Se (n = 21)

3 were excluded
for transient skin
dermatitis and 1

for poor
compliance   

4 were excluded
for poor

compliance   

3 were excluded
for poor

compliance
and 1 for

dysmenorrhea

4 were excluded
for poor

compliance   

17 women
completed
the study

17 women
completed
the study

17 women
completed
the study

17 women
completed
the study

Entered other
groups of study

n = 21

  Fig. 1.  Flowchart for enrolment of partici-
pants.   
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gain of weight rather than weight maintenance. Such individuals 
could cause biases in the study. Hence, among individuals eligible 
to enter the study, only those who maintained their weight at the 
end of the run-in period using an isocaloric diet calculated ac-
cording to the equation were selected. Moreover, the dietary pat-
tern of each participant was different and this could affect the 
results of interventions. Hence, in addition to getting detailed in-
formation about the study population, we planned a run-in period 
to standardize macronutrient consumption. After 2 weeks of the 
run-in period on an isocaloric diet, subjects were randomly as-
signed to one of four groups for the intervention period of 6 weeks: 
(1) HDEL supplemented with a placebo of  L -arginine and a pla-
cebo of selenium; (2) HDEL supplemented with  L -arginine (5 g/
day) and a placebo of selenium (HDEL + Arg); (3) HDEL supple-
mented with selenium (200  � g/day) and a placebo of  L -arginine 
(HDEL + Se), and (4) HDEL supplemented with  L -arginine and 
selenium (HDEL + Arg + Se). We needed randomly allocated and 
matched groups, so first we divided all of the participants into 
four groups by factor analysis. Participants in each group were 
similar according to general characteristics and CVD risk factors. 
Participants in each group were then randomly allocated to four 
study groups. We repeated random allocation several times and 
selected the most homogenous groups. For allocation of the par-
ticipants, a computer-generated list of random numbers was used. 
Measurements were obtained before, in the middle and at the end 
of the intervention.

   L -Arginine (5 g/day) was administered as two 1-gram  L -argi-
nine hydrochloride tablets (Pooyan Nutrition Company, Tehran, 
Iran, a joint venture with Mass Global Nutrition, Toronto, Cana-
da) twice a day with meals. Selenium (200  � g/day) was adminis-
tered as a selenium-enriched yeast tablet (Nature Made, Pharma-
vite LLC, San Fernando, Calif., USA) given once a day, 2 h after 
one of the meals (and after  L -arginine). The main components of 
the placebo tablets were starch and lactose. Participants were told 
not to vary their usual physical activity during the study.

  Measurements 
 All measurements were conducted by the same researcher us-

ing the same instrument in the first and follow-up assessments. 
WC was measured (to the nearest 0.1 cm) at the narrowest point 
without pressure to the body surface over light clothing using a 
tape measure. 

  After a 12-hour fast, blood samples were taken. Samples were 
centrifuged at 500  g  for 10 min at 4   °   C, and the serum was sepa-
rated. All parameters except malondialdehyde (MDA), total anti-
oxidant capacity (TAC) and nitric oxides (NO x ) were measured 
on the day of blood collection. Serum was frozen at –80   °   C until 
it was analyzed for assessment of the other parameters.

  Levels of total cholesterol, high-density lipoprotein cholester-
ol and triglycerides (TG) were measured by enzymatic means 
(ParsAzmoun, Tehran, Iran). Levels of low-density lipoprotein 
cholesterol were calculated using the Friedewald formula. Plasma 
concentrations of high-sensitivity C-reactive protein (hs-CRP) 
were measured using an immunoturbidimetric assay with an en-
zymatic kit (ParsAzmoun)  [20] . Plasma levels of insulin were 
measured by a human insulin enzyme-linked immunosorbent as-
say test kit (Diaplus, San Francisco, Calif., USA)  [21]  according to 
the manufacturer’s instructions. Insulin resistance was calculated 
on the basis of the homeostasis model assessment of insulin resis-
tance (HOMA-IR)  [22] . 

  Levels of nitrites/nitrates were measured concurrently using 
the Griess reaction  [23] . Briefly, nitrates were reduced to nitrites 
by vanadium (III), and then the level of total nitrites was mea-
sured. MDA was measured using a modified version of the Yagi 
 [24]  protocol based on the thiobarbituric acid reaction. We used 
the ferric reducing ability of plasma assay for measuring TAC 
based on the protocol devised by Benzie and Strain  [25] . 

  Inter- and intra-assay coefficients of variation were, respec-
tively, 1.22 and 0.61% for cholesterol, 1.8 and 0.73% for high-den-
sity lipoprotein cholesterol, 1.04 and 1.47% for TG, 1.7 and 1% for 
hs-CRP, and 8 and 8% for insulin.

  Additional covariate information (age; age of onset of obesity; 
education level; income; family history of overweight and meta-
bolic syndrome; economic status of family; dieting history; num-
ber of diets undertaken in the past; dieting duration in the past; 
weight loss in previously completed diets; time of dieting, and 
weight maintenance in past diets) was obtained by questionnaires. 
‘Chronic dieters’ would have less weight loss with hypocaloric di-
ets. Hence, if they were not distributed evenly among the groups, 
they could cause errors in the study. Hence, dieting history, num-
ber of diets completed in the past and dieting duration in the past 
were considered as covariates. Subjects were stratified into three 
groups for each of the following: education (had not obtained a 
high school diploma, had obtained a high school diploma and uni-
versity graduates); personal income [no income (housewife), 
 ! USD 350 per month and  1 USD 350 per month]; family income 
( ! USD 350 per month, USD 350–700 per month, and  1 USD 700 
per month), and family history of overweight and metabolic syn-
drome (any relative, first-degree relative and second-degree rela-
tive). A participant was characterized as overweight if the body 
mass index was  1 25. Metabolic syndrome was defined according 
to criteria set by the Adult Treatment Panel III  [26] .

  Statistical Analysis 
 The sample size for each group was estimated with regard to 

other studies conducted on obese women  [27, 28] . With 1 –  �  = 
95% and 1 –  �  = 95%, the maximum sample size was achieved 
from WC indicators using the following formula: 

  n = a �  2   !  ø 2 / � t i  2  = 16.49 = 17

  in which ø 2  (the indicator curve) = 2.5,  �  2  = 59.9,  � t i  2  = 36.46 and 
a = 4.

  Finally, samples for each group were evaluated to be 17 per-
sons. Values are means  8  SE at each time interval.

  Two methods were used for data analysis. In the first method, 
we used nested multivariate analysis of variance (M-ANOVA) for 
repeated measurements of a multifactor model with the form 
shown below [this was analyzed with the Minitab package (ver-
sion 13) to recognize the effects of time and treatments as well as 
the interaction between treatments on the different variables]:

  variation of dependent variables = intraindividual variation + 
time +  L -arginine (time) + selenium (time) +  L -arginine  !  
selenium (time) + error.

  In this method, we also used another model for controlling the 
effect of reduction in WC:

  variation of dependent variables = intraindividual variation + 
time +  L -arginine (time) + selenium (time) +  L -arginine  !  
selenium (time) + error + (B 1   !  WC).
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  In the model described above, intraindividual variability in 
participants was separated from the effect of interventions. ‘Time’ 
simultaneously determines and compares HDEL-related changes 
in outcomes before, at the midpoint and at the endpoint of the 
intervention. The other three parameters of the model [ L -argi-
nine (time), selenium (time) and  L -arginine  !  selenium (time)] 
simultaneously determine the effect of  L -arginine, selenium and 
their interaction on outcomes at different times during the study 

by the analysis of variance. ‘Error’ represents the random chang-
es during the study, and these changes were separated from the 
effects of interventions. ‘B 1 ’ is the regression coefficient. ‘B 1   !  
WC’ represents the effect of WC reduction on outcomes, and its 
covariate effect was separated from the effects of the interven-
tions. The concurrency of all analyses in this model minimized 
the probability of false-positive results due to multiple compari-
sons. 

Table 1. B aseline characteristics of the four treatment groups

T reatment group p

HDEL HDEL + Arg HDEL + Se HDEL + Arg + Se  

Number 17 17 17 17 –
Age, years 36.688.6 33.889.1 36.788.3 33.988.5 NS
Height, cm 158.787 159.786 157.187 156.486 NS
Age at obesity onset, years 17.588.7 18.2810.4 19.688.7 18.588.1 NS
Education

No high school diploma
High school diploma
University graduate

8 (47)
4 (23)
5 (29)

10 (59)
3 (18)
4 (23)

7 (41)
6 (35)
4 (23)

5 (30)
7 (41)
5 (29)

NS

Income status
Without income (housewife)
<USD 350 per month
>USD 350 per month

12 (70)
2 (12)
3 (18)

16 (94)
0
1 (6)

15 (88)
0
2 (12)

13 (76)
3 (18)
1 (6)

NS

Overweight subjects in family
Any relative
First-degree relatives
Second-degree relatives

1 (6)
13 (76)

3 (18)

2 (12)
14 (82)

1 (6)

2 (12)
15 (88)

0

1 (6)
14 (82)

2 (12)

NS

Metabolic syndrome in family
Any relative
First-degree relatives
Second-degree relatives

9 (53)
7 (41)
1 (6)

8 (47)
6 (35)
3 (18)

6 (35)
10 (59)

1 (6)

7 (41)
8 (47)
2 (12)

NS

Family economic status
<USD 350 per month
USD 350–700 per month
>USD 700 per month 

4 (23)
7 (41)
6 (35)

5 (29)
6 (35)
6 (35)

1 (6)
6 (35)

10 (59)

4 (23)
10 (59)

3 (18)

NS

Dieting history
Yes
No

9 (53)
8 (47)

10 (59)
7 (41)

6 (35)
11 (65)

7 (41)
10 (59)

NS

Number of diets completed 1.181.6 0.680.9 1.181.4 0.880.8 NS
Dieting duration, days 2538877 47781239 50981871 2488863 NS
Weight loss in dieting periods, kg 5.388.3 3.786.6 4.485 5.786.6 NS
Time of dieting

Any time
6 months to 1 year ago
1–5 years ago
>5 years ago

8 (47)
3 (18)
3 (18)
3 (18)

10 (59)
1 (6)
4 (23)
2 (12)

6 (35)
6 (35)
3 (18)
2 (12)

7 (41)
4 (23)
4 (23)
2 (12)

NS

Weight maintenance in past diets
No dieting
Maintenance of reduction
Some maintenance
No maintenance

9 (53)
0
0
8 (47)

9 (53)
1 (6)
1 (6)
6 (35)

6 (35)
1 (6)
2 (12)
8 (47)

7 (41)
2 (12)
0
8 (47)

NS

Val ues are shown as means 8 SE or numbers of patients with percentages in parentheses, as appropriate. NS = Not significant. 
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  In the second method, we used a paired t test or the Wilcoxon 
test for comparing the value of variables at different times in the 
study groups. Also, we used an independent t test or the Mann-
Whitney U test for comparing the percentage changes in variables 
between different time points (T3–T1, T2–T1 and T3–T2) within 
groups with changes in the HDEL group. Histograms were used 
to recognize normal distributions. These analyses were conduct-
ed using SPSS 13.0 (SPSS, Chicago, Ill., USA).

  We used one-way ANOVA and  �  2  tests to assess significant 
differences in baseline values between the diet groups. For appro-
priate variables, we merged subclasses of variables and then used 
the  �  2  test. p  !  0.05 (two-tailed) was considered significant.

  Results 

 The general characteristics of the four groups are 
shown in  table 1 . The mean age of obesity onset in all par-
ticipants was 18.5 years. With regard to education, 44% 
of participants had not obtained a high school diploma, 
29% had obtained a high school diploma and 27% were 
university graduates. Eighty-two percent of participants 
were housewives. Family income per month for 20% of 
the participants was  ! USD 350; for 43% it was USD 350–

Table 2.  Intake of food, calorie intake and calories expended in activity before the run-in period

Treatment group p

HDEL HDEL +Arg HDEL + Se HDEL + Arg + Se

Milk, servings 0.380.6 0.480.5 0.780.4 0.680.4 NS
Vegetables, servings 2.381.2 2.181.3 1.981 2.181.5 NS
Fruit, servings 1.581.2 1.181 1.481 1.280.8 NS
Meat, servings 2.881.6 3.281.5 3.381.8 3.882.1 NS
Cereal, servings 10.383.8 10.683.9 10.784.1 1184 NS
Legumes, servings 0.580.5 0.380.3 0.580.4 0.480.5 NS
Sugar, servings 2.781.1 3.282 3.281.9 3.481.4 NS
Fat, servings 13.387.6 10.684.1 15.387.8 14.9812.3 NS
Calorie expenditure through activity, kcal 3378186 2998123 4408284 3108233 NS
Calorie intake, kcal 2,0468725 1,9708615 2,2628792 2,2798901 NS

V alues are means 8 SE. NS = Not significant.

Table 3.  Effect of interventions on risk factors of cardiovascular disease assessed by nested M-ANOVA for repeated measurements of 
a multifactor model

Treatment

HDEL HDEL + Arg H DEL + Se

T1 T2 T3 T1 T2 T3 T1 T2 T3

WC, cm 92.781.7 89.881.9 88.481.8 92.282.2 86.982.3 84.882.5 91.581.8 87.981.6 86.181.5
Cholesterol, mg/dl 188.487.6 197.988.4 191810.2 187.686.6 188.888 193.687.8 186.687.2 183.888.8 187.889.2
LDL, mg/dl 111.687.3 120.987.8 117.589.7 109.786.7 114.887.6 116.888.3 109.186.7 105.987.8 110.988.4
HDL, mg/dl 44.681.2 46.281.3 45.381.4 45.881.1 46.581.1 46.981.3 45.581.6 46.181.3 4581.4
TG, mg/dl 160.6813 154814.3 141813.6 160.3820.1 137.6820.6 150819.9 160.2816.8 158.9812.8 159.2814.2
hs-CRP, mg/l 2.580.4 1.280.3 2.280.4 2.580.4 2.180.3 2.480.3 2.580.4 2.180.2 2.580.2
Insulin, �IU/ml 18.881.1 23.982.3 1981.5 18.382.9 16.382.9 17.183.4 18.582.8 1581.9 15.181.4
HOMA-IR 4.380.3 5.680.5 4.480.4 4.180.6 3.980.7 480.8 4.380.7 3.480.5 3.580.4
TAC, �mol/l 0.80180.044 0.83380.048 0.80680.037 0.79980.028 0.80280.028 0.79480.027 0.80080.036 0.80880.032 0.81280.030
NOx, �mol/l 29.388.2 37.289.4 3387.4 2988 27.486.5 29.6810.5 29.1816.3 21.6814.3 21.1811.2
MDA, nmol/ml 2.280.2 2.480.2 2.380.2 2.380.2 2.280.2 280.2 2.380.2 2.380.2 2.380.2

Val ues are means 8 SE. T1 = Before intervention; T2 = 3 weeks after intervention; T3 = 6 weeks after intervention; LDL= low-density lipoprotein; 
HDL = high-density lipoprotein; MDA= malondialdehyde.
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700, and for 37% it was  1 USD 700. Only 9% of the par-
ticipants did not have overweight first- and second-de-
gree relatives. Eighty-two percent of participants had at 
least one overweight first-degree relative and 9% had at 
least one overweight second-degree relative. Forty-four 
percent of subjects did not have first- or second-degree 
relatives with metabolic syndrome, and 46% had at least 
one first-degree relative with metabolic syndrome. Mean 
values for the number of diets completed and weight loss-
es were 1 and 4.8 kg, respectively, but only 11% of par-
ticipants maintained their weight loss. There were no sig-
nificant differences in the general characteristics of the 
four groups.

  Food intake of the groups, calorie intake and calories 
expended in activities before the run-in period are shown 
in  table 2 . The mean intake of milk and fruit in all of the 
groups was low. There were no differences before the 
run-in period with respect to food intake between the 
groups.

  The effects of interventions on CVD risk factors using 
nested M-ANOVA for repeated measurements of a mul-
tifactor model are outlined in  table 3 . There were no sig-
nificant differences among basal (before intervention) 
measurements in the four groups (not shown in  table 3 ).

  After 6 weeks during which  L -arginine and selenium 
was added to the HDEL, the following results were ob-
tained by repeated measurements of M-ANOVA in a 
crude model and after controlling for WC ( table 3 ): (1) 
HDEL significantly reduced the hs-CRP level in the first 

3 weeks and returned it to basal levels in the subsequent 
3 weeks (p = 0.022) and (2) selenium significantly reduced 
fasting serum concentrations of insulin (p = 0.05) and 
HOMA-IR (p = 0.04). 

  With paired t test or Wilcoxon modeling, the follow-
ing results were obtained ( table 4 ): (1) HDEL reduced TG 
levels at 6 weeks (p = 0.05); (2) HDEL increased TAC in 
the first 3 weeks (p = 0.011); (3) HDEL + Arg + Se margin-
ally reduced TAC in the first 3 weeks (p = 0.077); (4) 
HDEL increased the NO x  concentration at 3 weeks (p = 
0.028) and 6 weeks (p = 0.024); (5) Se reduced the NO x  
concentration in the first 3 weeks (p = 0.028), and (6) 
HDEL + Arg + Se reduced the NO x  concentration at 6 
weeks (p = 0.017).

  With an independent t test or Mann-Whitney U test 
model, we obtained the following results: (1) percentage 
of WC reduction at 6 weeks in the HDEL + Arg group was 
significantly (p = 0.008) more than in the HDEL group, 
and for the HDEL + Arg + Se group it was marginally 
more (p = 0.067); (2) in the first 3 weeks, the HDEL + Arg 
+ Se group had a significantly reduced TAC compared 
with that in the HDEL group (p = 0.016); (3) in the first 3 
weeks, the HDEL + Arg group had a marginally reduced 
TAC compared with that in the HDEL group (p = 0.085); 
(4) in the first 3 weeks, the HDEL + Se group had a sig-
nificantly reduced NO x  concentration compared with 
that in the HDEL group, and (4) at 6 weeks, the HDEL + 
Arg + Se group had a significantly reduced NO x  concen-
tration compared with that in the HDEL group.

ptime pSe pArg pArg + Se

 HDEL + ARG + Se

T 1 T2 T3

91.982.3 87.182.5 85.982.7 0.000 0.938 0.609 0.791
187.287 183.286.3 185.485.6 0.928 0.488 0.931 0.928
110.586.3 11085.1 111.383.1 0.703 0.397 0.999 0.884

44.681.6 44.281.5 43.281.9 0.742 0.388 0.938 0.396
160.5817.4 144.8818 154.2815.2 0.512 0.869 0.789 0.974

2.58.5 2.18.2 2.48.4 0.023 0.533 0.621 0.481
1882.2 1581.5 16.781.4 0.620 0.05 0.336 0.251
4.18.5 3.580.3 3.88.3 0.748 0.040 0.461 0.312

0.80580.033 0.76980.036 0.78280.025 0.982 0.860 0.674 0.992
29.4814.2 29.3812.9 23.5813.5 0.74 0.47 0.89 0.85

2.380.1 2.480.2 2.580.2 0.736 0.410 0.973 0.494
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  Discussion 

 HDEL significantly reduced the hs-CRP level in the 
first 3 weeks and returned it to basal levels in the subse-
quent 3 weeks; adding  L -arginine and/or selenium did not 
change the effect of HDEL. The effects of HDEL on hs-
CRP levels were shown using nested M-ANOVA for re-
peated measurements in a multifactor model. This statis-
tical model did not compare the two groups to each other 
but simultaneously compared the effect of all treatments 
by variance analysis and could be used to separate the ef-
fects of all treatments. 

  Inflammation has an essential role in atherosclerosis 
 [29] . hs-CRP is an independent risk factor for CVD and 
a strong indicator of chronic inflammation  [30] . Cyto-
kines in adipose tissue stimulate CRP production, so 
there is a strong correlation between central obesity and 
the serum concentration of hs-CRP  [31] . Clifton  [32]  
showed that weight reduction reduced hs-CRP concen-
trations and that the macronutrient composition of diets 

had no effect upon it. O’Brien et al.  [33]  and Selvin et al. 
 [31]  found similar results. However, Belza et al.  [34]  had 
different results compared with the results of the present 
study. In their study (which lasted 20 weeks), participants 
consumed 800-kcal diets for 8 weeks. At the end of 8 
weeks, the weight of participants was reduced by 13% 
(13.7 kg), but a reduction in hs-CRP levels was not ob-
served. Investigators then prescribed a maintenance diet 
for 4 weeks and followed it with a 1,000-kcal hypocaloric 
diet for a further 4 weeks. At the end of the second hypo-
caloric diet, participants showed an additional reduction 
in weight of 2.9 kg and also a 35% reduction in basal hs-
CRP levels. These reductions were maintained during a 
second maintenance period which lasted 4 weeks  [34] . 
Hence, if body fat mass decreases, hs-CRP will be re-
duced, but these reductions will occur when a new steady 
state is obtained. In the present study, one reason for this 
reduction in hs-CRP level in the first half of the study 
could have been body fat loss without an increase in plas-
ma levels of free fatty acids. In the second half of the 

Table 4.  Effect of interventions on risk factors for CVD in the four treatment groups by paired t test or Wilcoxon analyses

Intervention

HDEL HDEL + Arg HDEL + Se H DEL + Arg + Se

pT2–T1 pT3–T2 pT3–T1 pT2–T1 pT3–T2 pT3–T1 pT3–T1 pT3–T2 pT2–T1 pT3–T1 pT3–T2 pT2–T1

WC 0.000 f
(3.180.5)

0.003 f
(1.580.4)

0.000 f
(4.680.5)

0.000 f
(5.480.6)

0.010 f
(2.280.8)

0.000 f
(7.681)

0.000 f
(3.680.5)

0.000 f
(1.880.4)

0.000 f
(5.580.6)

0.000 f
(5.180.7)

0.046 f
(1.380.6)

0.000 f
(6.481)

Cholesterol 0.033 d
(5810)

0.090 d
(3.5821)

LDL 0.076 d
(14838)

0.053 d 

(5811)
HDL

TG 0.009 f
(9813)

0.055 f
(12817)

0.001 f
(19819)

0.088 d
(14832)

0.084 f
(5819)

hs-CRP 0.018 f
(19873)

0.000 d
(598105)

Insulin 0.039 d
(31849)

0.076 f
(10846)

0.093 f
(9830)

HOMA-IR 0.002 d
(35841)

0.031 f
(29876)

TAC 0.011 d
(486)

0.077 f
(4814)

NOx 0.028 d
(15832)

0.024 d
(9814)

0.028 f
(4850)

0.055 f
(18876)

0.017 f
(35855)

MDA 0.068 d
(7817)

Va lues in parentheses represent the percentage change in each parameter, shown as the mean 8 SE. T1 = Before intervention; T2 = 3 weeks after in-
tervention; T3 = 6 weeks after intervention; LDL= low-density lipoprotein; HDL = high-density lipoprotein; MDA= malondialdehyde.
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study, loss of body fat was probably accompanied by en-
hancement of plasma levels of free fatty acids, which 
would have resulted in the production of cytokines and 
other acute-phase reactants in the liver. This cascade 
probably masked the beneficial effects of the loss of body 
fat upon reductions in hs-CRP levels in the second half of 
the study.

  HDEL reduced TG levels, increased NO x  levels and 
 increased TAC, but adding  L -arginine and/or selenium 
eliminated the beneficial effect of HDEL. It is not surpris-
ing that  L -arginine (the substrate for the oxidant NO) 
eliminated the beneficial effects of HDEL on TAC or that 
selenium (an antioxidant) stopped enhancement of NO x  
levels, but why did selenium reduce TAC and  L -arginine 
lower NO x  levels?

  Because of the essential roles of antioxidants in health, 
measurement of TAC is very common  [35] . One antioxi-
dant is selenium, which has been used in a ‘selenoprotein’ 
form  [36] . Various studies have shown that selenium con-
sumption increases selenoprotein levels in a dose-depen-
dent manner  [37] . There are two classes of antioxidants: 
(1) nonenzymatic antioxidants (which have a low molec-
ular weight) and (2) enzymatic antioxidants such as sele-
noproteins  [38] . TAC measures only low-molecular-
weight antioxidants, and selenoproteins do not have a 
role in TAC  [39] . Hence, selenium could not increase 
TAC. It is likely that selenium interacts with other anti-
oxidant nutrients in legumes  [40] . Antioxidants in le-
gumes that cannot interact with selenium can increase 
TAC. In selenium metabolism, glutathione (as an anti-
oxidant) is used for reducing selenoamino acids, selenite 
and selenate  [41] . Also, studies have shown that selenium 
has prooxidant effects and catalyses the oxidation of thi-
ols and simultaneously produces superoxide  [42–44] .

  Intake of large amounts of  L -arginine suppresses the 
production of citroline by glutamine, glutamate and pro-
line in the intestine. Arginine immediately enters the cir-
culation and some of it is converted to NO. However, 
 citroline is gradually converted to arginine in the kid-
neys and, instead of instantly increasing the NO concen-
tration, increases it gradually  [45] . This mechanism prob-
ably caused the increase in the fasting NO x  concentration 
in the HDEL group but not in the HDEL + Arg group.

  Cheung et al.  [46]  showed that antioxidants (including 
selenium) tended to increase levels of very-low-density 
lipoproteins (TG-rich lipoproteins) in serum. Subjects 
who routinely used supplements of vitamin A and  � -car-
otene showed an increase in serum levels of TG  [47, 48] . 
Niacin in legumes is one agent that can reduce TG levels. 
Niacin affects the expression of some of the proteins in-

volved in lipid metabolism, and selenium supplements 
can interfere with it  [46] . 

  The beneficial effects of legumes on TG levels are de-
rived from the fibers, niacin and certain amino acid com-
positions of the proteins of legumes  [46, 49–51] . Addition 
of  L -arginine could have caused disturbances in the com-
position of legume proteins, and the beneficial effects on 
TG levels mentioned above could have been eliminated. 

  The percentage reduction in WC in 6 weeks in the 
HDEL + Arg group was significantly more than in the 
HDEL group, and for the HDEL + Arg + Se group it was 
marginally more (p = 0.067). These findings have been 
discussed elsewhere  [52] . In addition, interpretation of 
the effect of selenium upon reducing fasting concentra-
tions of serum insulin and HOMA-IR has been evaluated 
(unpublished data).

  Compared with HDEL, HDEL + Arg significantly re-
duced TAC in the first half of the study, and HDEL + Arg 
+ Se marginally reduced it. As mentioned above, seleni-
um cannot increase TAC. However, in some studies,  L -
arginine increased the production of oxidant radicals  [53, 
54] . Hence, the mean effect of  L -arginine and selenium 
on TAC in the present study was reduction. In certain 
conditions, eNOS may cause an imbalance between the 
levels of oxidants and antioxidants. It has been shown 
that impaired eNOS can be an important source of endo-
thelial O 2–  in subjects with hypertension or type 2 diabe-
tes mellitus  [53, 55] . If eNOS is exposed to oxidative stress 
(e.g. to ONOO – ) or if there is a deficiency in the BH 4  co-
factor, eNOS produces O 2–  instead of NO  [56, 57] . In our 
participants, it is not clear whether impaired eNOS or a 
deficiency in the BH 4  cofactor caused TAC reduction. 
The answer to this question may be based on molecular 
studies. Consistent with other studies  [58–60] , selenium 
did not affect the serum MDA concentration in the pres-
ent study. 

  In the two groups in which participants were supple-
mented with selenium (HDEL + Se and HDEL + Arg + Se 
groups), the serum concentration of NO x  was reduced. In 
most human studies  [61–65] , supplementation with  L -ar-
ginine did not affect serum NO x  concentrations. Studies 
in which  L -arginine was found to increase serum NO x  
concentrations had one of the following criteria: (1) intra-
venous administration of  L -arginine  [66] ; (2) oral supple-
mentation of  L -arginine in patients with peripheral ath-
erosclerosis  [67] , or (3) measurement of the incremental 
area of NO x  concentration 1–10 min after  L -arginine ad-
ministration  [7] . However, selenium supplementation 
can inhibit NOS  [68] , reduce iNOS gene expression  [69]  
and thus inhibit NO production.
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  This was the first time that the simultaneous effects of 
a hypocaloric diet,  L -arginine and selenium on CVD risk 
factors were studied. The advantage of our study was the 
statistical modeling. Even though each group had 17 cas-
es, with nested M-ANOVA for repeated measurements of 
a multifactor model, simultaneous analyses were used on 
68 cases. 

  The present study had several limitations. Firstly, esti-
mation of body fat with advanced procedures was not 
possible. Secondly, serum concentrations of  L -arginine 
and selenium were not measured. Thirdly, use of a basic 
hypocaloric diet affected the net effect of treatments. 
Fourthly, the side effects of legume consumption were 
not evaluated with questionnaires. Fifthly, we could not 
explain the causes of poor compliance. Lastly, we could 
not provide food to the participants.

  We concluded that supplementation with  L -arginine 
significantly reduced WC; selenium supplementation 
significantly lowered fasting concentrations of serum in-
sulin and HOMA-IR; interactions between  L -arginine 
and selenium significantly reduced fasting concentra-
tions of NO x , and HDEL significantly lowered TG levels 

and WC and increased fasting concentrations of NO x . 
Hence, except for WC, insulin levels and the HOMA-IR 
index, adding  L -arginine and/or selenium not only could 
not improve the beneficial effects of HDEL on the other 
risk factors for CVD but also worsened them. Long-term 
studies are necessary to validate the results of the present 
study.
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