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A B S T R A C T

Objectives: We carried out a systematic review and meta-analysis of randomized controlled trials (RCTs) to assess
the effect of L-arginine on inflammatory biomarkers including C-reactive protein (CRP), interleukin-6 (IL-6) and
TNFα.
Methods: A systematic search was carried out in PubMed, Embase, Scopus, Cochrane library databases and ISI
web of sciences to retrieve the RCTs which examined the effect of L-arginine supplementation on inflammatory
biomarkers up to October 2019, with no language and time restriction. Meta-analysis was performed using a
random effects model, and I2 index was used to evaluate the heterogeneity.
Results: Search yielded 2452 publications. Eleven RCTs were eligible. Results indicated that L-arginine sup-
plementation had no significant effect on inflammatory biomarkers including CRP, IL-6 and TNFα. However,
when subgroup analysis was performed, we found that L-arginine supplementation increased CRP levels in
subjects with ages> 60 years old, participants with baseline circulating CRP levels> 3mg/dl, patients with
cancer and when used in enteral formula.
Conclusion: Results of the present meta-analysis indicated that L-arginine supplementation increased the cir-
culating concentrations of CRP in subjects with ages> 60 years old, subjects with higher levels of CRP, patients
with cancer and when used in enteral formula. Therefore, L-arginine should be used with caution in these
subjects. However, further well designed, large-scale studies are needed.

1. Introduction

Arginine is an amino acid naturally consumed in our diets, and is
abundant in foods like meat and nuts.1 Although, it is an unnecessary
amino acid, animal studies have shown that it is necessary for the
growth of young rodents.2 It has been shown that arginine can prevent
thymic involution and increase the number of lymphocytes.3 In addi-
tion, arginine is essential for wound healing.4 This evidence revealed
that arginine became an essential amino acid in situations such as
surgery or trauma.5 Further investigations indicated that nitric oxide
(NO)4 was produced from arginine in endothelial cells.6 The fact that l-
arginine is a substrate for the production of nitric oxide has contributed
to a significant growth of interest in investigating the role of l-arginine
in the treatment and prevention of cardiovascular disease.7 A great deal

of evidence suggests the potential benefits of using l-arginine in patients
with hypercholesterolemia, diabetes mellitus, high blood pressure and
atherosclerosis.8,9

In addition, role of l-arginine in immune regulation has been shown
in numerous studies. In 2014, a meta-analysis was carried out to eval-
uate whether l-arginine supplementation could improve the outcomes
of immune function.10 This mete-analysis concluded that l-arginine
supplementation led to a significant greater CD4+ T-cell proliferation
response, and the incidence of infectious complications was lower in
the group with l-arginine supplementation.10 Results of the studies as-
sessed the effect of l-arginine on inflammatory biomarkers were con-
tradictory. In 2009, a study by Lucotti et al.,11 indicated that arginine
supplementation reduced circulating levels of interleukin-6 (IL-6). An-
other study by Casas-Rodera et al.,12 found that an arginine-enhanced
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formula had no significant effect on IL-6, C-reactive protein (CPR) and
TNFα in comparison to a standard polymeric formula. Due to the in-
consistent results found in the literature, we carried out a systematic
review and meta-analysis of randomized clinical trials (RCTs) to assess
the effect of L-arginine on inflammatory biomarkers.

2. Materials and methods

2.1. Search strategy

We systematically searched PubMed, Embase, Scopus, Cochrane li-
brary databases and ISI web of sciences for RCTs assessing the effect of
arginine supplementation on inflammatory biomarkers without any
language and time restriction until October 2019. The following com-
bination of keywords and MeSH terms were used in databases in titles
and abstract: (Arginine OR L-arginine OR Arg OR L-Arg) AND
(“Biological markers” OR inflammatory OR inflammation OR cytokines
OR interleukin OR “tumor necrosis factor alpha” OR “C-reactive pro-
tein” OR hs-CRP) AND (Placebo OR “clinical trial” OR “controlled
clinical trial” OR “randomized controlled trial”). Moreover, a manual
search and reference lists check of all included studies, and related
reviews were performed to identify further relevant articles
(Supplementary File 1. Complete search strategy).

2.2. Study selection

We included the articles that met the following criteria: 1) RCTs of
oral or enteral supplementation of arginine; 2) trials which reported
mean or median values in baseline and at the end of supplementation in
intervention and control groups with standard deviations (SDs), stan-
dard error (SE), or 95% CIs. The exclusion criteria were as follows: 1)
studies with no placebo group; 2) case-control, cross-sectional, cohort
design, conference papers and review studies; 3) studies which used a
combination of other vitamins and minerals, 4) studies conducted in
animal models; 5) studies that were not available.

2.3. Data extraction

After removing duplicates, titles and abstracts of all studies were
assessed independently by two reviewers (BN and OA) to find poten-
tially relevant studies for full text evaluation. Finally, full text of the
selected articles was reviewed to determine whether the article is
qualified for inclusion. Any controversy was discussed and resolved
with a third author (AA). Using standardized data collection form,
following data were abstracted: last name of the first author, year of
publication, country where the study was conducted, study design,
sample size (intervention and control group), dosage of arginine (gr),
treatment duration (days), type of arginine supplementation, mean and
standard deviations (SDs) of inflammatory markers in both the inter-
vention and control group at the baseline and at the end of the studies,
and participants characteristics, including sex (M/F), mean age and BMI
and health status.

2.4. Quality assessment

Jadad scale was used to evaluate the quality of included studies.13

This scale assesses the quality of RCTs and includes random allocation
(up to 2 points), double blinding (up to 2 points), and description of
withdrawals and dropouts (up to 1 point). Studies with the scores of 3
and higher are generally considered as a high quality study.

2.5. Statistical analyses

All analyses conducted using STATA v.12 (Stata Corporation,
College Station, TX, USA). Mean and standard deviation (SD) of vari-
ables change between baseline and post intervention was used in meta-

analysis. When S.D of change was not reported, it was calculated using
following formula: s.d. = square root [(s.d. pre-intervention)2+(s.d.
post-intervention)2 − (2R× s.d. pre-intervention× s.d. post-interven-
tion)]. A correlation coefficient of 0.8 was assumed as R-value of the
above-mentioned formula. A fixed effect model was used for the as-
sessment of pooled effect size. When heterogeneity was presented, a
random effect model was used. Subgroup analysis was performed based
on dosage of arginine, duration of intervention, age, baseline serum
CRP, type of the supplementation (oral or enteral formula), health
status and jadad score to find sources of the heterogeneity. We per-
formed the sensitivity analysis (metaninf analysis) by conducting one-
study remove (leave-one-out) approach, to estimate the impact of each
trial on the pooled effect size. Between-study heterogeneity was ex-
amined using Q test and I-square (I2) test.14 Funnel plots, Begg’s and
Egger’s tests were used to assess the publication bias.

3. Results

3.1. Study selection

The first step of searching yielded 157, 349, 320, 233 and 1393
citations in PubMed, Cochrane Library, Web of Science, Embase, and
SCOPUS, respectively. No study was found while searching the re-
ference lists. Of these, 610 articles were excluded due to the duplica-
tion. The titles and abstracts of 1842 articles were reviewed. Of these,
1818 studies were excluded due to the following reasons: animal stu-
dies, reviews, quasi-experimental, supplementation with other in-
gredients and antioxidants, no placebo or control group, non-related
studies. Therefore, full text of 24 studies assessed for the eligibility.
Eventually, 11 articles were included in this meta-analysis (Fig. 1).

3.2. Study characteristics

All 11 studies 11,12,15–23 were RCTs. The intervention durations were
from 5 to 180 days. Data are pooled from studies with 264 participants
in the intervention group and 266 participants in the control group. Age
range of the participants was 35.2 to 79.7 years old. Four studies were
conducted in Spain, 1 in Iran, 1 in Japan, 2 in Poland, 2 in Germany and
1 in Italy. Ten studies were conducted on both genders, and 1 study
enrolled only females. Basis on the jaded scale, 6 studies had good
quality (≥3) and quality score of 5 studies were lower than 3 (Table 1).
Supplementation dose of L-arginine was ranged from 0.8 g/day to 20 g/
day. Four studies were conducted on healthy subjects 16,18–20 and other
studies were conducted on patients with cancer, hypercholesterolemia,
pressure ulcers and cardiopathic nondiabetic patients. Eight studies
reported that L-arginine supplementation had no significant effect on
CRP,12,15–17,20–23 whereas, one study indicated a significant reducing
effect of L-arginine on CRP.18 Three studies found no significant effect
of L-arginine supplementation on TNFα,12,15,17 whereas, two studies
found a significant reducing effect.11,19 Three studies reported that L-
arginine supplementation had no significant effect on IL-6,12,15,17

whereas, one study indicated a significant reducing effect of L-arginine
on IL-6.11

3.3. Publication bias and sensitivity analyses

Evaluation of publication bias by both the Egger’s test and the
Begg's test showed no evidence of publication bias (p= 0.66 and p=
0.85, respectively). Furthermore, funnel plots demonstrated no evi-
dence of publication bias within the studies (Fig. 5). Results of the
metaninf analysis indicated that the elimination of any studies did not
alter the final results (Supplementary File 2).

3.4. Meta-analysis

Results of the meta-analysis of 9 trials indicate that L-arginine

B. Nazarian, et al. Complementary Therapies in Medicine 47 (2019) 102226

2



supplementation had no significant effect on serum levels of CRP
(weighted mean difference (WMD) and 95% confidence interval (CI)
with random effects model analysis: 0.04mg/dl (-0.04, 0.11), p=
0.31) (Fig. 2). As Fig. 3 indicates, L-arginine supplementation had no
significant effect on serum levels of IL-6 (WMD and 95% CI with
random effects model analysis: -0.25 pg/ml (-7.48, 6.98), p= 0.94).
Results of the meta-analysis of 5 trials indicate that L-arginine supple-
mentation had no significant effect on serum levels of TNFα (WMD and
95% CI with fixed effects model analysis: -0.07 pg/ml (-0.61, 0.47),
p= 0.63) (Fig. 4). There was a low level of heterogeneity for CRP
(I2=56.5%, p= 0.006) and moderate level of heterogeneity for IL-6
(I2 = 74.6%, p= 0.003) between included studies. Heterogeneity was
not significant for TNFα (I2 = 39.2%, p= 0.144). Results of the
subgroup analysis indicated that L-arginine supplementation had no
significant effect on CRP in subgroups of trial duration and L-arginine
dose (Table 2). Furthermore, results of the subgroup analysis demon-
strated that L-arginine supplementation significantly increased circu-
lating levels of CRP in subgroups of enteral formula, participants with
ages> 60 years old, baseline circulating CRP levels> 3 mg/dl and in
patients with cancer (Table 2).

4. Discussion

To our best knowledge this is the first meta-analysis assessing the
effect of L-arginine supplementation on inflammatory biomarkers.
Results of the present systematic review and meta-analysis indicated
that supplementation of L-arginine had no significant effect on in-
flammatory biomarkers including CRP, IL-6 and TNFα. However, when
subgroup analysis performed, we found that L-arginine supplementa-
tion had an increasing effect on CRP in subjects with ages> 60 years
old, participants with baseline circulating CRP levels> 3mg/dl, pa-
tients with cancer and when used in enteral formula.

Evidence suggest the relationship between arginine and immune
function.10 Previous research has reported that availability of arginine
is necessary for the function and proliferation of immune cells such as
T-cells.1 T lymphocytes need arginine for their biological functions such
as expression of the T-cell receptor (TCR) complex, development of
memory and proliferation.24 In the deprivation of arginine, number of
TCRs on the cell membrane decrease to 25% of basal level.1 Arginine is
essential for the ζ-chain peptide which is an important component of
TCR complex.25 Although, the exact mechanisms by which arginine
depletion reduces T-cell proliferation have not been well known, it has

Fig. 1. Flowchart of the study selection for inclusion in the systematic review.
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been reported that in the absence of arginine, the cell cycle of stimu-
lated T- lymphocytes was stopped in the G0-G1 phase.26,27 Moreover,
there is an impaired production of cytokines by T lymphocytes in the
absence of arginine.28 Although, the role of L-arginine in immune
function has been shown, results of the trails which assessed the effect
of L-arginine supplementation on inflammatory biomarkers were in-
consistent. Casas-Rodera et al., De Luis et al., and Böger et al.,12 found
that arginine had no significant effect on inflammatory biomarkers such
as IL-6, CPR or TNFα, whereas, Lucotti et al.,11 indicated that arginine
supplementation had reducing effect on circulating levels of IL-6. Pre-
sent meta-analysis indicated that L-arginine supplementation had no
significant effect on inflammatory biomarkers including IL-6, CRP and
TNFα. It should be noted that, the diversity of comorbidities in the
included studies was very high. There are patients with diseases such as
cancer, hypercholesterolemia, pressure ulcers and cardiovascular

diseases, which have different origins that can influence the results.
Therefore, this result is not conclusive, and further studies are needed.

During immune stress, a subset of myeloid cells enters the lymphoid
organs and peripheral tissues, and suppresses the immune responses.24

These myeloid suppressor cells (MSCs) can control the activity of T-cells
by two enzymes, including nitric oxide synthase (NOS), and arginase
1.24,29 NOS generates NO from arginine, and arginase I metabolizes
arginine to ornithine and urea, which depletes the milieu of arginine.1

Following immune stress such as trauma and sepsis, the activation of
MSCs depletes arginine from the surrounding environment.30 As dis-
cussed, arginine is essential for the proliferation and cytokines pro-
duction of T-cells.1,24 One of the inflammatory biomarkers which in-
creases during immune stress is CRP.31 CRP is a part of the innate
immunity that can activate the classical complement pathway.32,33 Its
serum level rises and falls more rapidly than other immune biomarkers,

Fig. 2. Forest plot of the random-effects meta-analysis of the effect of L-arginine supplementation on C-reactive protein.

Fig. 3. Forest plot of the random-effects meta-analysis of the effect of L-arginine supplementation on interleukin-6.
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which make it an advantageous biomarker to follow clinical status of a
disease and response to a particular treatment.34,35 Prospective epide-
miological studies indicated that CRP is a useful marker to predict the
incident of cardiovascular diseases, and sudden cardiac death.36,37 It
has been well documented that pro-inflammatory cytokines such as IL-6
and TNFα are the main stimuli of CRP synthesis in the liver.27,34 These
pro-inflammatory cytokines are secreted by activated T-cells during the
immune stresses.38,39 Results of the present met-analysis indicated that
L-arginine supplementation had an increasing effect on CRP in parti-
cipants with higher concentrations of CRP (> 3mg/dl). As the starva-
tion of arginine reduces the activity of T lymphocytes, its higher con-
centrations can increase the activity of these immune cells.1 Animal
studies suggested that arginine could have beneficial effects on the
functions of T lymphocyte like cytokines production under conditions
of stress.40,41 Therefore, it can be speculated that in stress conditions
with higher levels of CRP, L-arginine supplementation could increase
the activity of immune cells, and subsequently increase the circulating

Fig. 4. Forest plot of the fixed-effects meta-analysis of the effect of L-arginine supplementation on TNFα.

Fig. 5. Funnel plot of the studies included.

Table 2
Subgroup analysis of the effect of L-arginine supplementation on CRP level.

No WMD (95%CI) P Within Group P Heterogeneity I²

Method of supplementation
Enteral formula 5 2.88 (1.07, 4.69) <0.001 0.57 0.0%
Oral 8 0.02 (-0.02, 0.08) 0.33 0.03 53.4%
Trial duration (day)
≤21 9 0.42 (-0.13, 0.98) 0.13 0.11 38.4%
<21 4 −0.00 (-0.05, 0.05) 0.98 0.15 43.5%
Arginine dose (gr)
≤3 7 0.20 (-0.14, 0.56) 0.24 0.20 29.7%
<3 6 0.03 (-0.04, 0.11) 0.38 < 0.001 73.7%
Age (year)
≤60 7 0.02 (-0.02, 0.08) 0.29 0.09 44.5%
<60 5 0.83 (0.02, 1.64) 0.04 0.09 48.9%
Baseline circulating CRP (mg/dl)
≤3 8 0.02 (-0.02, 0.08) 0.33 0.03 53.4%
<3 5 2.88 (1.07, 4.69) <0.001 0.57 0.0%
Health status
Cancer 5 2.88 (1.07, 4.69) <0.001 0.57 0.0%
Non-cancer 8 0.02 (-0.02, 0.08) 0.33 0.03 53.4%
Jaded score
≤3 9 0.69 (0.10, 1.27) 0.02 0.27 19.3%
<3 4 0.02 (-0.03, 0.07) 0.47 0.02 67.9%

CI, Confidence Interval; CRP, C-Reactive Protein; WMD, Weighted Mean Differences.
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levels of CRP.
Moreover, we found that L-arginine supplementation could increase

the CRP levels in older participants (> 60 years old) and in patients
with cancer. Based on previous investigations, serum CRP levels are
associated with variables such as age.42,43 Population-based studies
have reported that there is a direct correlation between age and serum
levels of CRP.42 In addition, previous studies indicated that increased
concentration of CRP is associated with increased risk of cancer of any
type.44 Epidemiologic studies reported that increased concentrations of
CRP are correlated with poor prognosis in patients with different can-
cers.44 As discussed in previous paragraph, L-arginine can increase the
CRP concentrations in subjects with higher levels of CRP. Thus, it can
be assumed that due to the higher levels of CRP in older subjects and in
patients with cancer, arginine supplementation could increase the CRP
levels in these subjects. Furthermore, we found that L-arginine in-
creased the concentration of CRP when used in enteral formula. It is
noteworthy that all the studies which included in this meta-analysis and
assessed the effect of L-arginine added to the enteral formula, were
conducted on patients with cancer.

Present systematic review and meta-analysis has several strengths.
We included RCTs which examined complementary endpoints, pro-
viding a comprehensive review on this topic. This review is based on an
up to date literature search from a large number of databases and in-
cluded 11 studies. Present study has also several limitations. First, we
did not limit the systematic search to a particular disease, which led to
an increase in heterogeneity. However, by subgroup analysis, hetero-
geneity decreased in some of the subgroups. Second, although we
conducted a comprehensive search of the electronic literature, there
might be studies that have not been included. Finally, the small sample
size of the individual studies limits the strength of the conclusion of the
present meta-analysis, however, we hope this study will be helpful for
future studies.

In conclusion, present meta-analysis indicated that L-arginine sup-
plementation had no significant effect on inflammatory biomarkers
including IL-6, CRP and TNFα. Further analysis indicated that supple-
mentation of L-arginine could increase the circulating levels of CRP in
subjects with ages> 60 years old, participants with baseline circulating
CRP levels> 3mg/dl, patients with cancer and when used in enteral
formula. Therefore, arginine supplement should be used with caution in
these subjects. However, further well designed, large-scale studies are
needed to fully determine the effect of L-arginine on inflammatory
biomarkers.
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