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A B S T R A C T

Background: L-arginine is an amino acid found in most protein-rich foods, such as fish, red meat, poultry, soy, 
whole grains, beans and dairy products. Thus, it helps the body in building proteins.
Objectives: To find the effect of L-arginine in the improvement of lipid profile, liver enzymes, and blood pressure 
using various study outcomes.
Materials and methods: We searched all the related studies that probed into the association between L-arginine 
and serum lipid levels, liver enzymes, and blood pressure on PubMed, Web of Science, EMBASE, and Cochrane 
Library database up to May 20, 2024. The quality of the included studies was evaluated using the Cochrane 
quality assessment tool for Randomized Control Trials (RCT). MeSH was used to harmonize the keywords 
throughout the search process. All the statistical analyses of this meta-analysis were performed using the STATA, 
version 15 software.
Results: A total of 17 studies were included in the final review, a total of 531 screened studies. L-arginine at a dose 
rate of ≥8.0 g/day significantly improved the lipid profile by reducing total cholesterol (TC), low-density li
poprotein (LDL), high-density lipoprotein (HDL), and triglycerides (TG) levels. Additionally, L-arginine at a dose 
rate of ≥8.0 g/day significantly reduced both systolic and diastolic blood pressure. However, L-arginine non- 
significantly reduced aspartate transferase (AST) and alanine transaminase (ALT) at that dose. Finally, the re
sults of random-effects meta-regression analyses examining the association between the dose of L-arginine and 
the effect size of various health indicators showed a non-significant effect. Conclusions: L-arginine potentially 
improved the lipid profile, blood pressure and liver enzymes among studied individuals worldwide.

1. Introduction

L-arginine is a semi-essential (functional) amino acid derived from 
dietary sources or endogenous metabolism. It is involved in various 
biochemical pathways, including the synthesis of polyamines, creatine, 
homoarginine, and agmatine. Notably, it serves as a precursor for nitric 
oxide (NO), a key signaling molecule with diverse physiological func
tions. L-arginine also plays crucial roles in neurogenesis, ammonia 
detoxification, immune modulation, and the secretion of hormones such 
as insulin, glucagon, and growth hormone [1,2].

Given its role in NO production, L-arginine has garnered attention for 
its potential cardiovascular benefits. It has been shown to improve lipid 

profiles by slowing the development of atheromatous lesions, enhancing 
endothelium-dependent vasodilation, and reducing vascular superoxide 
anion production. These effects are largely attributed to increased NO 
bioavailability and a direct inhibitory effect on leukocyte adhesion, 
particularly in hypercholesterolemic animal models [3].

In addition, L-arginine supplementation has been associated with 
improvements in vascular function and blood pressure regulation. 
Several studies suggest that L-arginine can enhance vascular dilation 
and act as a cardioprotective agent, particularly under conditions of 
endothelial dysfunction [4,5]. Emerging evidence also indicates poten
tial benefits of L-arginine on liver function through modulation of liver 
enzymes, although these effects remain less thoroughly explored.
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Given the wide range of reported physiological effects, a systematic 
evaluation of L-arginine’s impact on specific clinical parameters is 
warranted. To the best of our knowledge, this is the first systematic 
review that synthesizes evidence from randomized controlled tri
als (RCTs) to assess the effects of L-arginine supplementation on 
lipid profile, liver enzymes, and blood pressure.

2. Materials and methods

2.1. Data collection

To ensure accuracy and transparency, preferred reporting items for 
systematic reviews and meta-analyses (PRISMA) 2020 guidelines [6] 
were implemented in this review. Up to May 20, 2024, a thorough and 
systematic search of the PubMed, Web of Science, Embase, and 
Cochrane Library databases produced pertinent results for our investi
gation. Only English-language publications were given consideration for 
inclusion. MeSH was used to harmonize the keywords throughout the 
search process, increasing the search strategy’s efficacy. The following is 
the search string: ("arginine"[MeSH Terms] OR "arginine" OR ″l argi
nine") AND ("supplemental" OR "supplementing" OR "supplementation" 
OR "supplementation s" OR "supplementations" OR "supplementation") 
AND ("lipid s" OR "lipidate" OR "lipidated" OR "lipidates" OR "lipidation" 
OR "lipidations" OR "lipid" OR "lipids" OR "lipidic" OR "lipids"[MeSH 
Terms] OR "lipids" OR "lipid") AND ("profile" OR "profiled" OR "profiler" 
OR "profilers" OR "profiles" OR "profiling" OR "profilings") OR ("liver"[
MeSH Terms] OR "liver" OR "livers" OR "liver s") AND ("enzyme s" OR 
"enzymes"[MeSH Terms] OR "enzymes" OR "enzyme" OR "enzymatic" OR 
"enzymatically" OR "enzymology"[MeSH Subheading] OR "enzy
mology") OR ("blood pressure"[MeSH Terms] OR ("blood" AND "pres
sure") OR "blood pressure" OR "blood pressure determination"[MeSH 

Terms] OR ("blood" AND "pressure" AND "determination") OR "blood 
pressure determination" OR "arterial pressure"[MeSH Terms] OR 
("arterial" AND "pressure") OR "arterial pressure") AND (randomized 
control trial; RCT [Filter]). To ensure comprehensive coverage, we 
meticulously examined the reference lists of individual studies, sys
tematic reviews, and meta-analyses to identify any potentially relevant 
research that might have been overlooked.

2.2. Inclusion criteria

In establishing criteria for study inclusion, the focus was on trials 
that investigated the effects of improved lipid profiles, liver enzymes, 
and blood pressure by L-arginine in the human body. A key requirement 
for inclusion was that publications with an RCT design and peer- 
reviewed scientific papers ensure a standard of reliability and high- 
quality sources.

2.3. Exclusion criteria

Exclusion criteria encompassed studies that relied exclusively on 
non-clinical investigations, uncontrolled trials, animal experiments, 
redundant publications, and investigations with a brief follow-up period 
(<2 weeks). Furthermore, trials needing more adequate data were 
omitted from the meta-analysis. These exclusion criteria were enforced 
to uphold the integrity and immediate applicability of the chosen studies 
to the primary research inquiry.

2.4. Study selection process

The process of study selection adhered to the guidelines outlined in 
the PRISMA framework, commencing with the examination of titles and 

Table 1 
Characteristic of included studies in meta-analysis.

Studies Years Country Study Design Participant Duration 
(week)

Sample 
size

Intervention

IG CG Dose g/ 
d

Control 
group

Moira et alRSON 
et al.

1993 USA double-blind randomized parallel healthy elderly 2 30 15 17 placebo

Peter et al. 1993 UK randomized double-blind crossover study hypercholesterolemic 4 15 12 21 placebo
Hamish et al. 2000 UK double-blind parallel-group design stable angina 2 20 20 15 placebo
Piermarco 2000 Italy double-blind randomized controlled trial healthy 12 55 10 9 placebo
Karsten 2001 Germany double-blind randomized parallel anemia 8 9 9 24 placebo
Karsten 2001 Germany double-blind randomized parallel anemia 8 9 9 24 placebo
Pietro et al. 2005 Italy double-blind randomized parallel diabetic patients 3 16 17 8.3 placebo
Pietro et al. 2007 Italy double-blind randomized parallel healthy 24 16 16 6.4 placebo
Friedrich et al. 2008 Germany randomized, double-blind study hypertriglyceridemia 6 22 11 3 placebo
Cesare 2009 Italy placebo controlled, randomized, pilot study PCOS 24 13 15 8 placebo
Mohammad et al. 2010 Iran randomized, double-blind, placebo- 

controlled trial
premenopausal 
women

3 17 17 5 HDEL

Joanna et al. 2011 Poland randomized double-blind placebo- 
controlled study

obese 24 44 44 27 placebo

Monti 2011 Italy randomized, placebo-controlled, double- 
blinded trial

healthy 78 72 72 6.4 placebo

Asadi S et al. 2012 Iran randomized double-blind clinical trial diabetes type 2 12 25 25 3 placebo
Asadi S et al. 2012 Iran randomized double-blind clinical trial diabetes type 2 12 25 25 6 placebo
Naseh 2013 Iran double-blind randomized controlled trial healthy 6 25 27 2 maltodextrin
Arash 2014 Iran single-blind randomized controlled trial obese 8 27 28 3 placebo
Arash 2014 Iran single-blind randomized controlled trial obese 8 28 28 6 placebo
Hideharu et al. 2015 Japan randomized, controlled study healthy 2 17 18 5 control
Hideharu et al. 2015 Japan randomized, controlled study healthy 4 17 18 2.5 control
Lucilla et al. 2016 Italy randomized, placebo-controlled, double- 

blinded trial
healthy 78 72 72 6.4 placebo

Catherine et al. 2017 USA randomized, placebo-controlled, double- 
blinded trial

healthy 12 12 13 15 placebo

Catherine et al. 2017 USA randomized, placebo-controlled, double- 
blinded trial

healthy 13 11 13 30 placebo

T2DM: Type 2 Diabetes Mellitus; TC: Total Cholesterol; IG: Intervention group; CG: Control group; F: Female; M: Male, UK: United Kingdom; USA: United State of 
America.
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abstracts, succeeded by a thorough assessment of complete articles that 
satisfied the predetermined inclusion criteria. The eligibility of each 
study was appraised independently by both researchers, with any dis
crepancies being resolved through mutual agreement; furthermore, the 
criteria for eligibility were established in alignment with the PICO 
(population, intervention, control, and outcomes) framework, encom
passing population, intervention, control, outcomes, and study design 
considerations.

2.5. Data extraction

Data extraction was conducted through the utilization of a stan
dardized format, encompassing information such as the identity of the 
primary author, year of publication, research methodology, quantity 
and characteristics of subjects, variables related to suicide that were 
investigated, and main outcomes. Additional information regarding the 
attributes of the studies incorporated can be found in Table 1.

2.6. Quality assessment

The assessment was conducted systematically utilizing the Cochrane 
quality assessment tool for Randomized Control Trials (RCT) to evaluate 
the potential for bias in the studies encompassed within them. The 
Cochrane tool comprises seven criteria for evaluating quality: allocation 
sequence concealment (selection bias), random sequence generation 
(selection bias), selective outcome reporting (reporting bias), blinding of 
participants and personnel (performance bias), blinding of outcome 
assessment (detection bias), incomplete outcome data (attrition bias), 
and other plausible sources of bias. Each study’s bias risk was deter
mined to be either low, high, or indeterminate.

2.7. Enrolled studies

The study identification process began with records sourced from 
databases, totalling 8521 entries, and no entries from registers. Before 
screening, 7019 duplicate records and 971 records marked as ineligible 
by automation tools were removed, with no records eliminated for other 
reasons. This left 531 records for screening, out of which 493 were 
excluded. The exclusions were due to the research not fitting the pre
defined requirements and included experiments on cells and animals, 
meta-analyses, reviews, conference papers, case reports, and editorials. 
Consequently, 38 reports were sought for retrieval, but five could not be 
retrieved. Further exclusions were made based on language (10 not in 
English), conference papers (4), and books [2]. Ultimately, 17 studies 
were included in the final review (Fig. 1).

2.8. Data analysis

Stata 15.0 software was employed for the statistical analyses to 
assess the clinical impact of L-arginine on continuous outcomes. The 
outcomes were presented as mean differences (MDs) alongside 95 % CIs. 
When conducting any clinical evaluation, the alteration in outcome from 
baseline was juxtaposed between the L-Arginine cohort and the refer
ence group. Subtracting the average change (final value minus baseline 
value) facilitated the determination of the mean value of the relevant 
parameters. If multiple endpoints were present, the value of the final 
endpoint was utilized. Through the comparison of the change from 
control to baseline and the change from intervention to baseline, the 
MD’s effectiveness for parallel controlled trials could be ascertained. 
The determination of serum lipid levels was conducted upon the 
completion of the intervention and control phases, with the computation 

Fig. 1. The flow diagram of trial selection.
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of MD in effect for the crossover analysis. In instances where the study 
lacked this information, a formula was applied to calculate the net 
change in standard deviation. Due to inconsistencies in the original 
literature regarding data presentation, an interpretation of the diverse 
body measurement parameters was necessary. The examination of trial 
inclusion heterogeneity involved the implementation of the chi-squared 
test and the I2 test. A significance level of p < 0.05 in the Chi-squared 
test denoted the presence of statistically notable heterogeneity. A sub
stantial level of heterogeneity was identified by an I2 value exceeding 
50 %. Upon encountering substantial heterogeneity, an investigation 
into potential sources of heterogeneity was conducted through subgroup 
analysis. Moreover, the calculation of standard deviation (SD) was 
deemed necessary as certain studies solely presented standard error (SE) 
data. Furthermore, the determination of mean net change entailed the 
subtraction of the endpoint mean value from the corresponding basal 
line mean value. When a correlation coefficient of R = 0.5 was estab
lished, the computation of SD change involved the utilization of the 
subsequent formula: SD change = (SD2 baseline +SD2 endpoint - 22 R 
× SD baseline × SD endpoint) ½.

3. Results

3.1. Study characteristics

Table 1 summarizes the characteristics of the 18 studies included in 
the meta-analysis, conducted between 1993 and 2017 across multiple 
countries (USA, UK, Italy, Germany, Iran, Poland, and Japan). Study 
designs included double-blind randomized parallel trials, crossover 

studies, and single-blind RCTs. Participants ranged from healthy in
dividuals to those with conditions such as hypercholesterolemia, stable 
angina, anemia, type 2 diabetes, hypertriglyceridemia, polycystic ovary 
syndrome (PCOS), and obesity. Study durations varied from 2 to 78 
weeks, with sample sizes ranging from 9 to 144 participants. Interven
tion doses of L-arginine ranged from 2.0 to 30 g/day, with most studies 
using a placebo control.

3.2. Lipid Profile Outcomes

(Table.2A, Fig. 2A) L-arginine supplementation significantly reduced 
total cholesterol (TC) by − 10.42 mmol/L (95 % CI: 17.51, − 3.33; p =
0.004), with high heterogeneity (I2 = 99.4 %). Doses <8.0 g/day showed 
a more pronounced reduction (− 15.90 mmol/L; 95 % CI: 31.96, 0.15; p 
= 0.052) compared to doses ≥8.0 g/day (− 4.78 mmol/L; 95 % CI: 
13.13, 3.56; p = 0.262).

Low-density lipoprotein (LDL) levels decreased by − 5.65 mmol/L 
overall (95 % CI: 10.74, − 0.55; p = 0.030), with greater reductions at 
doses <8.0 g/day (− 7.45 mmol/L; 95 % CI: 15.11, 0.20; p = 0.056) than 
at higher doses (− 3.58 mmol/L; 95 % CI: 10.65, 3.49; p = 0.321).

Table 2A 
The effect of L-arganin supplementation on Lipid profiles indicators, according 
to Intervention doses.

No. WMD (95 % 
CI)

p- 
value

Heterogeneity

​ ​ ​ ​ P 
heterogeneity

I2

Total Colesterol 
(mmol L) Overall 
effect

18 − 10.42 
(− 17.51, 
− 3.33)

0.004 <0.001 99.4 
%

≥8 g/d 8 − 4.78 
(− 13.13, 
3.56)

0.262 <0.001 97.8 
%

<8 g/d 10 − 15.90 
(− 31.96, 
0.15)

0.052 <0.001 98.4 
%

LDL (mmol L) 
Overall effect

17 − 5.65 
(− 10.74, 
− 0.55)

0.030 <0.001 97.3 
%

≥8 g/d 7 − 3.58 
(− 10.65, 
3.49)

0.321 <0.001 94.3 
%

<8 g/d 10 − 7.45 
(− 15.11, 
0.20)

0.056 <0.001 94.6 
%

HDL (mmol L) 
Overall effect

16 1.05 (− 0.85, 
2.95)

0.278 <0.001 98.8 
%

≥8 g/d 7 − 1.07 (− 1.83, 
− 0.32)

0.005 0.491 0.0 %

<8 g/d 9 2.30 (− 0.34, 
4.94)

0.088 <0.001 98.3 
%

TG (mmol L) 
Overall effect

20 − 11.81 
(− 20.95, 
− 2.67)

0.011 <0.001 99.0 
%

≥8 g/d 9 − 13.80 
(− 31.97, 
4.37)

0.137 <0.001 98.7 
%

<8 g/d 11 − 8.57 
(− 15.57, 
− 1.57)

0.016 <0.001 75.8 
%

CI: Confidence interval; WMD: Weighted mean differences; TG: Triglycride, 
HDL: High density lipoprotein, LDL: Low density lipo protein.

Table 2B 
The effect of L-arganin supplementation indicators according to Intervention 
doses.

No. WMD (95 % 
CI)

p- 
value

Heterogeneity

​ ​ ​ ​ P 
heterogeneity

I2

Systolic BP 
Intervention 
Overall effect

15 − 6.12 
(− 10.55, 
− 1.69)

0.007 <0.001 99.5 
%

≥8 g/d 9 − 6.37 
(− 13.32, 
0.58)

0.072 <0.001 99.4 
%

<8 g/d 6 − 5.82 
(− 8.47, 
− 3.16)

0.001 <0.001 90.6 
%

Diastolic BP 
Intervention 
Overall effect

14 − 3.17 
(− 5.26, 
− 1.08)

0.003 <0.001 98.8 
%

≥8 g/d 8 − 2.73 
(− 5.61, 0.14)

0.063 <0.001 98.0 
%

<8 g/d 6 − 3.77 
(− 6.58, 
− 0.96)

0.009 <0.001 95.5 
%

CI: Confidence interval; WMD: Weighted mean differences; BP: Blood pressure.

Table 2C 
The effect of L-arganin supplementation indicators according to Intervention 
doses.

No. WMD (95 % 
CI)

p- 
value

Heterogeneity

​ ​ ​ ​ P 
heterogeneity

I2

AST(nmol/ml) 
Intervention 
Overall effect

7 − 0.34 
(− 1.29, 0.61)

0.481 <0.001 94.1 
%

≥8 g/d 4 − 0.14 
(− 0.68, 0.39)

0.593 0.026 67.5 
%

<8 g/d 3 − 10.14 
(− 26.08, 
5.80)

0.212 <0.001 90.6 
%

ALT (nmol/ml) 
Intervention 
Overall effect

4 − 0.59 
(− 1.56, 0.36)

0.225 0.007 92.9 
%

≥8 g/d 4 − 0.59 
(− 1.56, 0.36)

0.225 0.007 92.9 
%

CI: Confidence interval; WMD: Weighted mean differences; AST: Aspartate 
transferase, ALT: Alanine transaminase.
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High-density lipoprotein (HDL) levels showed a non-significant in
crease overall (1.05 mmol/L; 95 % CI: 0.85, 2.95; p = 0.278). However, 
doses ≥8.0 g/day resulted in a significant decrease (− 1.07 mmol/L; 95 
% CI: 1.83, − 0.32; p = 0.005), while doses <8.0 g/day showed a non- 
significant increase (2.30 mmol/L; 95 % CI: 0.34, 4.94; p = 0.088).

Triglycerides (TG) were significantly reduced by − 11.81 mmol/L 

overall (95 % CI: 20.95, − 2.67; p = 0.011), with greater reductions at 
doses <8.0 g/day (− 8.57 mmol/L; 95 % CI: 15.57, − 1.57; p = 0.016) 
compared to higher doses (− 13.80 mmol/L; 95 % CI: 31.97, 4.37; p =
0.137).

Fig. 2a. The effect of L-arganin supplementation indicators according to Intervention doses. 
Note: Some studies may appear more than once if they included multiple intervention groups or reported results for different dosage categories or time points.
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3.3. Blood Pressure Outcomes (Table.2B, Fig. 2B)

L-arginine supplementation significantly reduced systolic blood 
pressure (SBP) by − 6.12 mmHg overall (95 % CI: 10.55, − 1.69; p =
0.007), with greater consistency at doses <8.0 g/day (− 5.82 mmHg; 95 
% CI: 8.47, − 3.16; p = 0.001) compared to higher doses (− 6.37 mmHg; 
95 % CI: 13.32, 0.58; p = 0.072).

Diastolic blood pressure (DBP) also decreased significantly by − 3.17 
mmHg overall (95 % CI: 5.26, − 1.08; p = 0.003), with a more pro
nounced effect at doses <8.0 g/day (− 3.77 mmHg; 95 % CI: 6.58, − 0.96; 
p = 0.009) than at higher doses (− 2.73 mmHg; 95 % CI: 5.61, 0.14; p =
0.063).

3.4. Liver Enzyme Outcomes (Table.2C, Fig. 2C)

No significant effects were observed for aspartate transaminase 
(AST) or alanine transaminase (ALT). AST levels showed a non- 
significant reduction of − 0.34 nmol/mL overall (95 % CI: 1.29, 0.61; 
p = 0.481), while ALT levels decreased non-significantly by − 0.59 
nmol/mL (95 % CI: 1.56, 0.36; p = 0.225).

3.5. Meta-regression analysis

Figs. (3A, 3B and 3C) illustrate the meta-regression revealed no 
significant associations between L-arginine dose and effect size for TC, 
LDL, HDL, TG, SBP, DBP, AST, or ALT. Funnel plots indicated no sig
nificant publication bias for any outcome.

Fig. 4 shows the study bias risk.

4. Discussion

Since there was no compliance research to determine the effect of L- 
arginine supplementation on lipid profile, blood pressure, and liver 
enzymes simultaneously, this systematic review and meta-analysis were 
conducted to measure this effect. The results of this study outline the 
beneficial impact of L-arginine supplementation on lipid profiles, 
including TC, TG, LDL, HDL, and blood pressure, including SBP and 
DBP. However, there were no significant changes in liver enzymes such 
as ALT and AST. Subgroup analyses indicated the beneficial effects of L- 
arginine on HDL in higher doses (>8.0 g/day).

The finding of this study is aligned with previous research [7,8]. For 
instance, an animal study on 32 male Sprague-Dawley rats aged 21 days 
demonstrated that watermelon and l-arginine supplementation improve 
cardiovascular disease risk factors like lipid profile, antioxidant capac
ity, and inflammation by altering relevant gene expression. Further
more, this study showed that the concentrations of AST and ALT were 
lower after the intervention [9]. A systematic review and meta-analysis 
of 11 RCTs showed that although L-arginine supplementation reduced 
the serum level of TG, it did not significantly affect lipid profiles such as 
serum TC, LDL, and HDL [1]. Another systematic review study on 17 
RCT revealed that L-arginine supplementation could reduce the serum 
level of triglycerides but not the level of other lipoproteins and inflam
matory markers, for instance, C-reactive protein (CRP) and tumour ne
crosis factor-alpha (TNF-a) [7]. The difference between the results of 
these reviews and ours may be due to the studies they included. This 
study analyzed all kinds of studies that demonstrated the effects of 
L-arginine supplementation, while other mentioned meta-analyses 
included only RCT. Several mechanisms are considered to be the effec
tiveness of L-arginine supplementation on lipid profiles [10]. L-arginine 
could increase both the lipolysis and the oxidation of fatty acids [11]. 

Fig. 2b. The effect of L-arganin supplementation indicators according to Intervention doses. 
Note: Some studies may appear more than once if they included multiple intervention groups or reported results for different dosage categories or time points.
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Moreover, L-arginine supplementation decreases the expression of he
patic 3-hydroxyl-3-methylglutaryl-CoA reductase mRNA, consequently 
reducing cholesterol metabolism [12]. L-arginine also improves NEFA 
β-oxidation by increasing the level of plasma adiponectin [13].

Since L-arginine is a potential substrate for endothelial nitric oxide 
synthase (eNOS), it could reduce BP by inducing endothelium- 
dependent dilation and increasing blood supply to tissues [2]. Further
more, arginine enhances the formation of both NO and its superoxide 
scavengers, increasing NO bioavailability in vascular smooth muscle 
cells, which are essential to maintaining vascular homeostasis [14]. This 
amino acid could also stimulate the secretion of several hormones, 
including insulin and human growth hormone [15]. Many studies have 
shown that L-arginine supplementation improved endothelial dysfunc
tion in humans and animals [16]. A recent meta-analysis of 22 clinical 
trials with a total sample size of 392 participants demonstrated that 
L-arginine supplementation could considerably reduce resting SBP 
(− 6.40 mmHg) and DBP (− 2.64 mmHg) [17]. Another meta-analysis 
study on 387 participants in 11 RCT showed that oral L-arginine 

supplementation ranging from 4 to 24 g/d significantly lowered SBP and 
DBP [18]. Hongyu reported that oral L-arginine supplementation 
improved BP levels in adults with elevated BP [16]. However, another 
study demonstrated that 20 g/day oral L-arginine supplementation in 
twenty-six healthy males does not affect endothelial function for 28 
days. This may be due to inadequate dose-response or because L-argi
nine cannot improve expected endothelium-mediated vasodilatation 
[19]. Studies have declared that higher levels of extracellular l-arginine 
led to increasing NO output in the kidneys’ endothelial and inner 
medullary collecting duct (IMCD) cells [17]. More NO secretion from 
epithelial cells reduces sodium reabsorption, causes more sodium and 
water excretion, lower extracellular and plasma volume, and conse
quently lower BP [20].

Furthermore, facilitating l-arginine transportation in endothelial and 
epithelial cells reduces vascular resistance and increases sodium and 
water excretion, lowering BP [21]. In other ways, plasma NO concen
trations by l-arginine blunted angiotensin II-induced hypertension and 
prevented renal damage [22]. It is the reason that antihypertensive 

Fig. 2c. The effect of L-arganin supplementation indicators according to Intervention doses.
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therapies that improve l-arginine and NO bioavailability can attenuate 
hypertension-related renal damage [22].

Although the exact mechanism of L-arginine on liver enzymes is not 
revealed, several studies indicated the protective effects of this amino 
acid on the liver without any toxic effects [23]. An animal study illus
trated that 14 weeks of chenodeoxycholyl-arginine ethyl ester conjugate 
(CDCArg) on C57BL/6 J male mice could effectively improve liver en
zymes and could be a potential therapy for NAFLD [24]. A double-blind, 
controlled study on twelve patients with argininosuccinic aciduria 
(ASA) showed administering higher doses (500 mg/kg) of arginine in 
subjects with ASA caused increases in the liver enzymes such as AST and 
ALT after one week, while low-dose arginine (100 mg/kg) considered 
sufficient to normalize arginine levels in plasma combined with nitrogen 
scavenging [25].

This study faced some limitations. The sample sizes of individual 
trials were relatively small, which limited the capacity of randomization 
to minimize the potential influences of confounding factors. Moreover, 

like any meta-analysis, publication bias may affect the results. There
fore, the effect of L-arginine supplementation on lipid profile, BP, and 
liver enzymes, as well as its safety in the long term, is uncertain. This 
study has many strengths points as well. We excluded studies using L- 
arginine supplementation as part of the intervention, and hence, the 
effect of lipid profile, BP, and liver enzymes were mainly attributable to 
solely L-arginine supplementation. We were able to detect the potential 
sources of heterogeneity among studies with the use of sensitivity ana
lyses. Therefore, the results of sensitivity analyses supported the 
robustness of the findings.

5. Conclusions

The results of this meta-analysis shed light on the effectiveness of L- 
arginine supplementation on lipid profiles, including TC, LDL, HDL, and 
TG, as well as blood pressure, such as SBP and DBP. However, there were 
no significant changes in liver enzymes such as ALT and AST. Future 

Fig. 3a. Meta regression and funnel plot for lipid profiles indicators.
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homogeneous and well-designed RCT studies are needed to understand 
the effects of L-arginine on lipid profile, blood pressure, and liver 
enzymes.
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