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Background: Recently, the potential of L-arginine supplementation as a novel and effective strategy for weight loss and improving
biochemical parameters in obese patients has been under consideration.

Objectives: To evaluate the influence of 8-week oral L-arginine supplementation on body mass index (BMI), waist circumference (WC),
triceps skinfold (TS), subscapular skinfold (SS), systolic blood pressure (SBP), diastolic blood pressure (DBP), plasma fasting blood sugar
(EBS), glycated hemoglobin (HbAIc), triglyceride (TG), total cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL),
and malondialdehyde (MDA) in patients with BMI values >29.9 or visceral obesity (WC>102 cm in men or > 88 cm in women).

Patients and Methods: Ninety obese patients were included in a single-blind randomized controlled trial. Patients were randomized to
receive either L-arginine (3 or 6 g thrice daily) or placebo for 8 weeks. Anthropometric and biochemical indices, dietary intake, and blood
pressure values were measured at the baseline and after the 8-week intervention.

Results: Significant decreases in anthropometric parameters, blood pressure (SBP, DBP), FBS, HbAlc, LDL, MDA (P < 0.001), TG (P=0.02),and
TC(P=0.002)and a significant increase in HDL (P < 0.001) were observed in the intervention group, compared to the control group. In the
control group, no significant differences were found between the baseline and end-of-intervention measurements.

Conclusions: In conclusion, oral L-Arginine supplementation appears to improve anthropometric parameters, blood pressure values,
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and some blood biochemical indices associated with cardiovascular disease prevention.

1. Background

Obesity is associated with numerous comorbidities,
such as type 2 diabetes, hypertension, and cardiovascular
diseases (CVDs) (1). According to the world health orga-
nization (WHO) in 2015, globally, 2.3 billion people aged
15 years or older will be overweight, and more than 700
million people will be obese (2).

The national institutes of health (NIH) classifies over-
weight and obesity according to body mass index (BMI),
waist circumference (WC), and the risks of associated dis-
eases. Obesity, especially abdominal obesity, is associated
with increased risks of morbidity and mortality, as well
as CVDs. Of note, obesity is an independent risk factor for
CVDs (3-6).

Importantly, obesity is associated with persistent in-
sulin resistance, which can lead to hyperglycemia, lipid
disorders, oxidative stress, and arterial hypertension (7,
8). Chronic hyperglycemia plays an important role in the
etiology and progression of arterial pathology (9). The
relationship between hyperglycemia and oxidative stress

has been confirmed (10). High levels of free radicals are
produced in patients with CVDs (11). These factors are re-
sponsible for the pathogenesis of and endothelium dys-
function associated with CVDs (12).

Numerous studies have demonstrated the effective
use of L-arginine for the prevention of many diseases as-
sociated with endothelium dysfunction, such as athero-
sclerosis and diabetes (13-15). Piatti et al. reported that
L-arginine treatment significantly improved peripheral
and hepatic insulin sensitivity in patients with type 2
diabetes. The mechanism behind this result might have
been due to the effect of L-arginine on nitric oxide (NO)
synthesis (16). The proven antioxidative properties of L-
arginine have been very significant (17). In vivo, L-argi-
nine had an inhibitory effect on superoxide radicals and
increased the concentrations of available antioxidants,
which protect low-density lipoprotein (LDL) from oxida-
tion, by decreasing the production of O,- (superoxide
anion) (18).
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2. Objectives

Few studies have assessed the potential positive effects
of L-arginine supplementation on CVD-associated indices
in obese patients. The aim of this study was to evaluate
the influence of L-arginine supplementation on anthro-
pometric and blood biochemical indices associated with
CVDs in obese people (individuals with BMI values > 29.9
or WC values >102 cm in men or > 88 cm in women).

3. Patients and Methods

3.1. Patients

The study protocol was approved by the local Bioeth-
ics committee of Shiraz university of medical sciences,
IRCT (No 201501183236N6). Patients were recruited from
October to December 2014. Ninety obese non-smokers
and non-alcohol users were enrolled in this randomized
clinical trial. The sample size was calculated based on the
results of a study published by Lucotti et al. (19) for the
effect of an intervention on participants’ weights with a
standard deviation (SD) of 3 kg, intervention effect mean
of 2.5 kg, statistical power of 80%, and significance level
of <0.05.

The inclusion criteria were as follows: BMI > 29.9 kg/m?
or visceral obesity (BMI of 25-29.9 kg/m?and WC>102 cm
in men or > 88 cm in women); stable body weight during
the previous 3 months (based on self-reports); absence
of any current regimen or supplement intake; absence
of antihypertensive, antidiabetic, or antihyperlipidemic
treatment or acute or chronic inflammation; no history
of ischemic heart disease; and normal renal and liver
function.

The exclusion criteria were as follows: use of any supple-
ments other than the intervention or placebo, any diseases

or physiological changes requiring special treatment, and
failure to follow the designated intervention (not consum-
ing the total amount of the dedicated supplement [or <
90% of the prescribed supplement] for > 3 days).

3.2. Methods

After reading and completing the informed consent
form, eligible participants were assigned randomly in a
1:1:1 ratio into 1 of 3 subgroups using a block randomiza-
tion design with 3 arms: group A, placebo (un-absorbable
starch); group B, supplemented with 1 g of L-arginine
thrice daily; and group C, supplemented with 2 g of L-ar-
ginine thrice daily. Randomization was performed using
random allocation software (20) by an investigator with
no clinical involvement in the study. L-arginine (purity,
99.9%) was obtained from Karen Pharma and Food Sup-
plement Co. (Tehran, Iran). Placebo and L-arginine tablets
were identical in shape, size, color, and packaging. The
participants were not aware of the contents of the admin-
istered tablets (L-arginine or placebo). Participants were
asked not to make major changes to their dietary and
physical activity habits during the study and to report
any other changes. Participants were visited biweekly to
administer a 2-week supply of supplement and evaluate
any possible side effects of the supplement. During the
intervention and sample collection after the interven-
tion phase, 7 patients were excluded (Figure 1): group A,
2 patients (1 because of unwillingness to continue and 1
because of other supplement usage); group B, 3 patients
(2 patients because of unwillingness to continue and 1
patient because of orlistat capsule usage); and group C,
2 patients (1 patient because of diagnosed colon cancer
and 1 patient for failure to take l-arginine supplements).

Enrollment

Assessed for eligibility (n=240)

| » |+ Declined to participate (n=65)

+ Not meeting inclusion criteria (n=85)

Randomized (n=90)

Allocation

Allocation k.
L ),

Allocated to intervention (n=30)
+Received allocated intervention (n=30)

),
Allocated to intervention (n=30)
« Received allocated intervention (n=30)
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« Received allocated intervention (n=30)

Discontinued intervention (on patient due l Follow-Up ]
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to unwilingness to continue and one patient
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l due to taking Orlistat capsules) (n=3)

Analysis

Analysis

Analysed (n=28) Analysed (n=27)
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Figure 1. Flow Diagram of Participants in the Three Groups Throughout the Study
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Each patient completed an interview-administered
questionnaire regarding demographic characteristics.
Anthropometric and biochemical indices and dietary
intake were determined at the baseline and after the
8-week intervention.

WC (cm) was measured at the level of the iliac crest at
the end of normal expiration. This value was measured
to the nearest 0.5 cm. Thicknesses of the triceps skinfold
(TS) and subscapular skinfold (SS) were measured to the
nearest 0.5 mm by using a Harpenden skinfold caliper
(Baty International, Burgess Hill, West Sussex, UK). Re-
called dietary intakes over 24-h periods (2 workdays and 1
weekend day) were recorded by a researcher at the base-
line and the end of the study. Physical activity levels were
determined using the international physical activity
questionnaire (IPAQ) at the baseline and after the 8-week
intervention. From each participant, 7-cc venous blood
samples were collected after fasting. The blood was then
distributed among tubes containing K2EDTA or heparin.
Blood samples were centrifuged and to separate sera. Se-
rum samples were stored at -72°C prior to biochemical
measurements. The lipid profile, including total choles-
terol (TC), LDL, high-density lipoprotein (HDL), triglycer-
ide (TG), plasma fasting blood sugar (FBS), and malondial-
dehyde (MDA), was also assayed using routine enzymatic
methods. The glycated hemoglobin (HbAilc) percentage
was quantitatively analyzed in vitro using a Dimension®
system (Dade Behring Inc., Milton Keynes, UK).

3.3. Statistical Analysis

Statistical analyses were performed with SPSS statistical

software, version 16 (SPSS Inc., Chicago, IL, USA). Despite
randomized allocation of the subjects, the groups were
found to differ significantly in terms of the baseline BMI.
Accordingly, after evaluating data normality, a repeated
measurements analysis of covariance (ANCOVA) was used
to control the results with respect to covariates (listed
in Table 1). A post hoc test and Dunnett T3 test were used
to compare changes in the outcome variables between
groups. A P-value < 0.05 was considered statistically sig-
nificant.

4. Results

Table 1 lists the baseline characteristics and anthropo-
metrical data of participants in the three study groups.

A comparison of pre- and post-intervention measure-
ments within each group revealed significant decreases
in weight, BMI, WC, TS, systolic blood pressure (SBP; all P
< 0.001), and SS (P = 0.01) in group B, and significant de-
creases in all parameters in group C (all P < 0.001).

According to a paired t-test, a significant decrease in TC (P
= 0.041) was observed in group A, significant decreases in
LDL, MDA (both P < 0.001), and TC (P = 0.07) were observed
in group B, and significant decreases in FBS, HbAic, TC, LDL,
MDA (all P < 0.001), and TG (P = 0.0.01) and a significant
increase in HDL were observed in group C (P < 0.001).

Table 2 lists the mean pre- and post-intervention an-
thropometric (weight, BMI, WC, TS, SS) and blood pres-
sure (SBP, diastolic [DBP]) parameter values for each study
group. Among the study groups, significant decreases
were observed in all parameters (P < 0.001). The results of
a post hoc analysis are presented in the appendix.

Table 1. Participants’ Baseline Characteristics and Important Anthropometrical Measurements @

Parameter Placebo (n =28) L-arginine 3, g/d (n =27) L-arginine 6, g/d (n=27) P Value
N (Female/Male) 28 (13/15) 27(14/13) 28 (13/15) 0.874
Age,yP 4239+7.21 4233+7.91 44.07+7.82 0.751
Weight, kgb 96.03 £13.78 96.48 £9.41 93.21+11.51 0.533
BMI, kg/m2b 35.03+£3.48 35.85+4.70 3316 £1.72 0.017
wc,cm P 109.9 £10.28 108.85+7.96 111.21+6.23 0.577
2 Abbreviations: BMI, body mass index; WC, waist circumference.
Data are presented as means + standard deviations.
Table 2. Pre- and post-intervention anthropometrical and blood pressure parameters in the study groups abc
Parameter Groups PValue d
Placebo (n=28) L-arginine 3, g/d (n=27) L-arginine 6, g/d (n=28)
Before After PValue € Before After Pvalue®  Before After  PValue®
Weight, kg 96.03+13.78  95.80+14.59 0.641 96.48+9.41 93.76+934  <0.001 9321%11.51 84.90+11.28 <0.001 <0.001
BMI, kg/m? 35.03+3.480  34.90+3.43 0.462 3585+470 34.85+4.68 <0.001 3316+1720 3022%229 <0.001 <0.001
WC, cm 109.9110280  109.61+11.18 0.484 108.85+7.96 106571814 <0.001 1121+£6.23 104.05£524 <0.001 <0.001
TS, mm 34.93+3.81 3518 +£3.59 0.165 34.11£2.92 33.19£3.05 <0.001 34.79+2.63 32.00+2.80 <0.001 <0.001
SS, mm 29.71£2.93 29.89+3.531 0.502 28.96+226  2833+230 <0.001 29.64%133 2711161 <0.001 <0.001
SBP, mm Hg 130.89+£4.31 129.46 +4.58 0.058 130.93+4.81 126.85%4.63 <0.001 132.14+4.79 124.29+3.52 <0.001 <0.001
DBP, mm Hg 86.43+5.41 87.61%5.15 0.095 87.04+4.22 85931416 0110  8821+4.75 82.68+419 <0.001 <0.001

4 Abbreviations: BMI, body mass index; DBP diastolic blood pressure; SS, subscapular skinfold; TS, triceps skinfold; SBP, systolic blood pressure; WC,

%vaist circumference.
Data are presented as means + standard deviations.
€ Significance was defined as < 0.05.

Repeated-measures analysis of covariance after adjusting for BMI. All covariates in Table 1 were included in the initial model; of these, only baseline

BMI was found to have a significant interaction with the group effect.
€ Paired t-test P value.
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Table 3. Pre- and post-intervention biochemical parameters abc

Parameter Groups PValue d
Placebo (n=28) L-Arginine 3, g/d (n =27) L-Arginine 6, g/d (n=28)
Before After PValue € Before After PValue € Before After PValue €

FBS, mg/dL 97.39+5.55 98.46 +4.41 0.265 97.411£9.61 95.85+7.61 0171 99.25+7.66 92.14+7.47 <0.001 <0.001
HbA1c, % 5.504+0.38 5.48+0.37 0.460 5.544+0.30 5.50+0.27 0.086 5.632+£0.25 539+0.29 <0.001 <0.001
TG, mg/dL 221.21+43.99 221.43+43.84 0.933 222.59+5256 223.48+52.75 0.859 224.041+4826 210.54%52.76 <0.001 0.02
TC, mg/dL 229.11+28.19 223.93+31.02 0.041 23130+28.85 224.81£29.98 0.007 237.25+£32.693 221.00+31.63 <0.001 0.002
LDL, mg/dL 134.11+£27.56 134.36+26.68 0.862 138.41+23 132.78+22.86 <0.001 130.39+£23.58 121.89 £23.50 <0.001 <0.001
HDL, mg/dL 39.21+2.60 38.751£2.92 0.445 39.04 £3.67 40.11+3.46 0.063 40.75+2.79 44461271 <0.001 <0.001
MDA, mmol/L  4.83+0.62 4.8712+£0.59 0.624 4.8910.52 3.6718£0.37 <0.001 4.851£0.43 3.6492+0.98 <0.001 <0.001

@ Abbreviations: FBS, fasting blood sugar; HbAIc, glycated hemoglobin; HDL, high density lipoprotein; MDA, malondialdehyde; TG, triglyceride; TC,

total cholesterol.
Data are presented as means + standard deviations.
€ significance was defined at < 0.05.

Repeated-measures analysis of covariance after adjusting for BMI. All covariates in Table 1 were included in the initial model; of these, only baseline

BMI was found to have significant an interaction with the group effect.
€ paired t-test P value.

Table 3 shows the mean biochemical parameter val-
ues (FBS, HbAlc, TG, TC, LDL, HDL, and MDA) before and
after supplementation in each study groups. Among the
groups, significant decreases in FBS, HbAlc, LDL, MDA (all
P < 0.001), TG (P = 0.02), and TC (P = 0.002) and a signifi-
cant increase in HDL (P < 0.001) were observed, and post
hoc tables are presented in the appendix.

5. Discussion

The prevalence of CVDs is increasing dramatically, and
prior studies have shown that L-arginine supplementa-
tion can ameliorate some associated risk factors (11, 14,
16). The present study evaluated the effect of L-arginine
supplementation (3 or 6 g/d) on BP, as well as some an-
thropometrical and biochemical factors associated with
CVDs, in obese subjects.

The present study revealed significant decreases in an-
thropometrical parameters. Previous study have report-
ed excess activation of tissue necrosis factor (TNF)-alpha
in obese patients. The role of TNF-alpha in the pathogen-
esis of insulin resistance has been demonstrated in obese
patients (21). This cytokine reduces insulin activity in
various tissues. In adipose tissue, TNF-alpha overstimu-
lates lipolysis by activating hormone-sensitive lipase and
increases insulin resistance by increasing serine phos-
phorylation and inhibiting tyrosine phosphorylation
in insulin receptor substrate-1 (IRS-1), thus decreasing
insulin receptor activity; in muscle cells, this cytokine
also reduces the expression of GLUT-4. Weight loss can
downregulate the expression of TNF-alpha and improve
insulin sensitivity (22). Catabolic changes in HDL con-
comitant with weightloss mightbe related to an increase
in HDL particle size, which might itself be consequent to
areduction in the pool of plasma very LDL TGs available
for exchange with HDL (23). Weight reduction increases
adiponectin, which can inhibit hepatic lipase activity

(24); this might account for the partial increase in HDL,
and likely accounts for the increased HDL levels observed
after weight loss (25).

Our study observed significant decreases in BP parame-
ters (SBP, DBP) after the 8-week intervention. Similar find-
ings were reported in previous studies (13, 26). L-arginine
supplementation was found to be associated with signifi-
cant decreases in SBP and DBP in patients with essential
hypertension (13). A possible partial association has been
suggested between impaired L-arginine transport and
the risk of hypertension development, possibly indicat-
ing an association between defective L-arginine/NO path-
way signaling and the onset of hypertension (27).

As obesity can cause insulin resistance, elevated FBS
and HbAi1c levels were expected as typical consequences
in the participants. The present study showed significant
improvements in FBS and HbAIlc in groups treated with
L-arginine. In a previous study, an FBS level > 109.8 mg/
dL and a 1% increase in HbAic were found to increase the
risk of death from ischemic heart disease by 38% and 30%,
respectively (28). The availability of NO can also improve
glucose metabolism (24). NO per se can influence muscle
glucose metabolism; in a previous study, insulin-resis-
tant obese rats were found to harbor a defect in the NO
metabolic pathway. Furthermore, NO increased glucose
transport both in the absence and in the presence of in-
sulin in rat muscles in vitro (29).

L-arginine restores NO bioavailability through the com-
petitive inhibition of NO synthase (NOS) by asymmetric
dimethylarginine (ADMA), the main endogenic inhibi-
tor of NOS (30). ADMA was found to improve the clinical
statuses of patients with CVDs by reducing the genera-
tion of 02- (31). In a previous study, L-arginine increased
the amount of available antioxidants, which protect LDL
from oxidation (18). Free radicals cause lipid oxidation
as well as biomembrane damage, which is reflected by
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lipid peroxidation and consequently increases the levels
of MDA (32). The present study observed a significant de-
crease in the MDA level. Previous studies have reported
similar results with L-arginine supplementation, in-
cluding improved antioxidant statuses indicated by an
increased total antioxidant status (33), glutathione and
superoxide dismutase levels, (19) and circulating plasma
ascorbic acid levels, all of which have been shown to pro-
tect against peroxidative lipid damage (34); therefore, in-
creased cell membrane permeability and decreased lipid
oxidation lead to decreased MDA levels (35).

We recommend additional clinical trials with larger
sample sizes and longer intervention periods to facilitate
a better understanding of the role of L-arginine supple-
mentation for weight management in obese people at
risk of CVDs. This study suggests L-arginine as a promis-
ing, safe, and beneficial supplement with beneficial ef-
fects on some risk factors of CVDs.

In conclusion, an 8-week course of oral L-arginine sup-
plementation decreased anthropometric parameters
and blood pressure values and improved some biochemi-
cal factors associated with CVDs in patients with BMI val-
ues indicating obesity or visceral obesity.
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