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Nonalcoholic fatty liver disease (NAFLD) is globally the leading cause of hepatic dysfunction. Garlic has many physiological
benefits, including anti-inflammatory, antioxidant, anticancer, lipid-lowering, and antidiabetes effects. The present study aimed to
systematically review the effects of garlic (Allium sativum) and its mechanisms of function in managing NAFLD and its associated
complications. The guidelines of the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) statements
were applied to perform the study (CRD42021289348). The Scopus, Embase, Web of Science, Cochrane PubMed, and Google
Scholar databases were searched until February 2022. According to the inclusion criteria, finally, 12 studies were entered into the
study. The evidence provided in the study revealed that garlic could regulate the development of NAFLD via several mechanisms
of action, such as lowering body weight, modulating lipid and glucose metabolism, and reducing inflammation and oxidative
stress (OS). Overall, the beneficial effects of garlic in the treatment of NAFLD make it a potential therapeutic and efficient agent in
managing NAFLD and its related risk factors. There is an insufficient number of clinical trials addressing the effects of garlic in
humans; therefore, conducting more human research in the future is recommended.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) consists of a wide
range of disorders, from simple fatty liver to nonalcoholic
steatohepatitis (NASH) and progressive fibrosis that even-
tually leads to cirrhosis [1]. NAFLD is the most frequent
reason for liver diseases globally, with a prevalence esti-
mation of 25% to 45%, and it is on the rise in tandem with
obesity and diabetes [2, 3]. In 1998, for the first time, it was

suggested that NAFLD could be considered a disease with
a “two-hit” process [4]. In the first hit, a high-fat diet (HFD),
obesity, sedentary lifestyle, and insulin resistance (IR) result
in an increase in lipid accumulation in the liver cells [5].
Oxidative stress (OS) is one of the main factors contributing
to NAFLD progression in the second hit [6, 7]. The “two-hit”
model was revised in 2010 with a “multiple parallel hit”
model. In the revised model, fat accumulation in the liver
and IR, multiple simultaneous changes lead to an imbalance
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between antilipotoxic protection systems in the liver and the
production of free radicals, endoplasmic stress, decrease in
mitochondrial content, disruption of mitochondrial B-
oxidation, OS, overproduction of reactive nitrogen and
oxygen species (RNS/ROS), and death of liver cells [8-10].
Even though obesity, especially central obesity, is a well-
known risk factor for NAFLD, it has also been reported in
slim people (BMI <30kg/m2) [11]. Furthermore, IR and
metabolic syndrome (MetS), a group of cardiovascular risk
factors that include visceral obesity, hypertension, dyslipi-
demia, and glucose intolerance, are the pathophysiological
elements in NAFLD [12]. For NAFLD treatment, lifestyle
modifications are commonly recommended, including
eating a healthy diet, losing weight, and engaging in regular
physical activity. However, this strategy alone cannot reduce
the growing prevalence of the disease [13]. Many studies
have shown that natural and herbal compounds effectively
reduce the symptoms of diseases, such as neurodegenerative
disease, diabetes, neurological diseases, and fatty liver
[14-21]. Plant-derived natural substances such as phenolic
compounds, anthocyanin, wogonin, glycyrrhizin, green tea,
coffee, garlic, soybean, and fenugreek might improve
NAFLD [22-24]. Garlic (Allium sativum L.) has been used as
a natural medicine for centuries and is consumed in many
countries today [25]. Allicin, ajoene, diallyl disulfide, S-
allylcysteine (SAC), S-methylcysteine sulfoxide, and SAC
sulfoxide are some bioactive compounds found in garlic, and
the therapeutic benefits of garlic can be attributed to them
[26, 27]. Garlic has a wide range of physiological benefits,
including anti-inflammatory, antioxidant, anticancer, lipid-
lowering, and antidiabetic effects [28]. Evidence demon-
strates that garlic consumption can prevent atherosclerosis,
diminish blood pressure, boost fibrinolytic activity, and
inhibit platelet aggregation [29]. Furthermore, it has recently
been proposed that garlic has a favorable effect on liver
enzymes such as gamma-glutamyltransferase (GGT), ala-
nine transaminase (ALT), and fatty liver [30, 31]. Clinical
and experimental research indicated that garlic could affect
IR and obesity, which are connected to NAFLD pathogenesis
[32, 33]. Thus, garlic may positively affect the development
of NAFLD and its relevant complications [34]. As a result,
this systematic review aimed to evaluate garlic’s therapeutic
efficacy in managing NAFLD and its related risk factors and
putative mechanisms of action.

2. Methods

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist was used to conduct this
systematic review. The protocol for this review was regis-
tered in the PROSPERO database (CRD42021289348).

2.1. Search Strategy. An online search of Scopus, Embase,
Web of Science, Cochrane PubMed, and Google Scholar
databases was conducted by two authors to find relevant
English-language articles published until February 2023. We
searched for articles using MeSH and non-MeSH terms,
including (“garlic” [MESH] or “raw garlic” [TIAB] or
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“allium sativam” [MESH] or “fermented garlic” [TIAB] or
“non-fermented garlic” [TIAB] or “black garlic” [MESH] or
“diallyl disulfide” [TIAB]) and (“non-alcoholic fatty liver
disease” [MESH] or “fatty liver” [TIAB] or “NAFLD”
[MESH] or “liver fibrosis” [TIAB] or “NASH” [TIAB] or
“non-alcoholic steatohepatitis” [TIAB] or “hepatic steatosis”
[TIAB] or “insulin resistance” [TIAB] or “inflammation”
[MESH] or “oxidative stress” [MESH] or “obesity” [MESH]
or “BMI” [TIAB], “fat mass” [TIAB] or “dyslipidaemia”
[TIAB] or “free fatty acids” [TIAB]) or “Glycaemic indices”
[MESH (the methods of searching in different databases are
attached to Supplementary Table 1). All studies were
transferred to EndNote software (version X8, for Windows,
Thomson Reuters). Additionally, we cross-checked the
references of the retrieved studies to find additional relevant
articles. Moreover, references from all related original ar-
ticles were checked, and previous articles were reviewed to
find additional relevant studies.

2.2. Inclusion Criteria. Studies were considered eligible if
they met the following criteria: (1) All animal models and
clinical trials administered garlic in various chemical forms,
including raw garlic, fermented garlic, nonfermented garlic,
black garlic, diallyl disulfide, and S-allyl mercapto cysteine
(SAMC); (2) no further treatment should be performed with
garlic; and (3) the findings must focus on the effect of garlic
on NAFLD and its metabolic comorbidities.

2.3. Exclusion Criteria. The exclusion criteria were as fol-
lows: (1) Interventions that are not related to garlic, (2)
supplements that contain garlic, (3) garlic being used as
a remedy for other conditions, (4) presentations, reviews,
book chapters, editorials, reports, or commentary papers
written in a language other than English, and (5) non-En-
glish-language studies.

2.4. Data Extraction. An independent review and screening
of the full text of the selected studies were carried out by two
authors (AK and MV), leading to the extraction of in-
formation. Strength of agreement using the kappa coefficient
measures the agreement between two reviewers. In this
study, kappa statistics were approximately 0.8. The extracted
data from the studies included the authors’ names, study
subjects, dosages, duration, follow-up, and primary out-
comes of garlic supplementation. The third author verified
the extracted data.

2.5. Risk of Bias Assessment. Two independent researchers
investigated all the studies for bias (AK and MV). The risk of
bias in randomized controlled trials was assessed using the
Cochrane risk of the bias assessment method. In contrast,
the risk of bias in the included animal studies was assessed
using SYRCLE’s risk of bias assessment tool. The Cochrane
risk of bias (ROB) assessment method was used to assess the
overall degree of bias in the randomized controlled trials.
Also, the total risk of bias in the animal studies was assessed
by SYRCLE’s risk of bias tool. In these tools, seven different
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types of bias were present, including random performance
bias, sequence generation bias, attrition bias, detection bias,
allocation concealment bias, reporting bias, and other types
of bias. There was a “high risk” score for a study when
methodological flaws influenced the findings, a “low risk”
score for a study without flaws and an “unclear risk” score
for a study with insufficient data. Trials with “low risk” in all
domains were considered high-quality and low-bias
research.

3. Results

3.1. Literature Search. First, two authors independently
searched databases for relevant English studies up to the end
of February 2022. A total of 289 articles were initially
identified from databases (53 from PubMed, 81 from
Embase, 85 from Science Direct, 57 from Scopus, and 13
from Cochrane). After eliminating duplicate studies, 125
articles remained to analyze the title and abstract. Finally, 99
studies were considered based on the research topic. After
a critical analysis, 12 articles were included in the present
study (seven animal and four human studies) (Figure 1).

3.2. Findings from the Quality Assessments. The results of the
methodological quality assessment of included animal and
human studies are presented in Figures 2 and 3. In human
studies, the results of the blinded outcome assessment
showed that three studies were classified as having an un-
clear risk of bias. The SYRCLE risk of bias tool was used to
evaluate the quality of animal studies. The qualitative as-
sessment exhibited that most studies were rated as low risk of
bias for the group similarities at baseline category, sequence
generation, selective outcome reporting, and other bias
category sources. In most of these studies, randomization in
animal housing, random outcome assessment, and blinding
outcome assessment were not mentioned clearly. Methods of
blinding were adequately described in 20% of the included
studies. Moreover, the risk of incomplete outcome data was
identified in 80% of the studies. Also, the risk of allocation
concealment was identified in 70% of the animal studies
(Figure 3).

3.3. Weight-Lowering Effects of Garlic. There is a direct link
between overweight and diabetes. Numerous studies have
shown that functional foods and pharmaceutical or dietary
supplements effectively treat obesity. There is a direct link
between overweight and diabetes. Numerous studies have
shown that functional foods and pharmaceutical or dietary
supplements effectively treat obesity.

Three human studies investigating the effect of garlic on
overweight people with diabetes showed that different doses
of garlic (400 mg to 400 g) and the duration of the in-
tervention between 26 days and 12 weeks reduce the body
composition and increase the skeletal muscle mass [34-36].
However, in one study, garlic by 100 grams did not affect
weight indices for ten weeks [31]. Contrary to the results of
the previous study by Fajrani, Sulchan [37] showed that

garlic treatment at a dose of 450, 900, and 1350 mg/kg weight
for 26 days considerably reduces the body weight of mice.

3.4. Garlic and Metabolic Risk Factors Related to NAFLD

3.4.1. Glycemic Parameters. Three animal and two human
studies assessed the potential effects of garlic on the glycemic
parameters in NAFLD. Studies have evaluated changes in
glucose levels, insulin levels, and insulin resistance, as well as
the homeostatic model assessment for insulin resistance
(HOMA-IR) after the garlic treatment. Animal studies
showed that different doses of garlic orally improve the
glycemic profile compared to the control group, which may
be due to the fact that garlic reduces hepatic glucose se-
cretion and increases glucose uptake by peripheral tissues
through increasing insulin signaling and improving blood
glucose. They also suggested that garlic might reduce insulin
resistance by increasing the peroxisome proliferator-
activatedreceptor-gamma (PPARy) [37-39].

Also, clinical studies showed that garlic in different doses
(400 mg to 400 g) and within 12 weeks leads to an im-
provement in some glycemic parameters [31, 34].

3.4.2. Lipid Profile. Two human and five animal studies
assessed lipid profiles following garlic supplementation in
NAFLD. Lai et al. [38], Lee et al. [39], Rajaei et al. [36], and
Nurmawati et al. [40] showed that different forms of garlic
such as garlic essential oil, black garlic, and diallyl sulfide lead
to a decrease in lipid profile levels and an increase in high-
density lipoprotein (HDL). They suggested that garlic may
decrease the expression levels of sterol regulatory element-
binding protein 1 (SREBP-1c¢), fatty acid synthase (FAS),
acetyl-CoA carboxylase (ACC), and 3-hydroxy-3-methyl-
glutaryl and regulate the expression of CoA reductase
(HMGCR), leading to an improvement in lipid profile. Kim
et al. [31], in a study conducted on NAFLD patients, con-
cluded that fermented garlic extract supplementation for
three months did not cause a significant change in lipid
profile. In a study conducted on NAFLD patients, Sangouni
et al. [35] found that 400 mg/day of garlic powder supple-
mentation for 12 weeks caused a significant decrease in TG,
TC, and low-density lipoprotein cholesterol (LDL-C) levels
and a significant increase in high-density lipoprotein cho-
lesterol (HDL-C) levels.

3.4.3. Liver Function. Two human and three animal studies
assessed lipid profiles following garlic supplementation in
NAFLD.

All three animal studies showed that garlic in different
doses (200 mg/kg to 500 mg/kg) for eight weeks improves
liver enzymes. [39, 41, 42]. Both clinical studies conducted
by Kim et al. [31] and Sangouni et al. [35] showed that
supplementation with garlic reduces the level of alanine
transaminase (ALT) and aspartate transaminase (AST).

3.5. Garlic, Inflammation, and Oxidative Stress Indices Related
to NAFLD. The effectiveness of garlic on inflammation and
oxidative stress in NAFLD was assessed in nine animal
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Records identified through searches (n=289) in electronic data bases

Records excluded (n=164)

Records remained after removal of du-
plicates (n=125)

Screening (n=125)

Article was excluded (n=86) because

of not meeting inclusion criteria:
Review article (n=26)
Book chapters (n=1)

Short communications (n=2)

Conference abstract (n=4)
editorial (n=1)

non-related studies (n=52)

(n=39)

Full-text Articles assessed for eligibility

Article excluded, due to not providing
sufficient information and criteria

(n=27)

(n=12)

Studies included in qualitative synthesis

FiGURE 1: Flowchart of study.

studies. Administration of garlic inhibited the expression of
inflammation-related genes, including nuclear factor kappa-
light-chain (NF-kf) and protein kinase B (PKB)/Akt, in
NAFLD. Besides, garlic significantly decreased serum levels
of IL-6, IL-1f3, tumor necrosis factor (TNF-a), and the ex-
pression of nuclear factor erythroid 2-related factor 2 (Nrf2).

Xiao et al. [42] found that treatment with garlic for eight
weeks significantly decreased the serum levels of inflammatory
cytokine, smooth muscle alpha-actin (¢SMA), malondialde-
hyde (MDA), cytochrome P450 (CYP2E1), and suppressor of
cytokine signaling 3 (SOCS3). Also, it increased the serum
levels of adiponectin, glutathione peroxidase (GPx), and CAT
in NAFLD rats compared to the control group. Fajrani et al.
[37], Yang et al. [43], Lai et al. [38], and Lee et al. [39] reported
that supplementation with different doses of garlic resulted in
an enhancement in antioxidant enzymes, AMP-activated
protein kinase (AMPK), peroxisome proliferator-activated

receptor alpha (PPAR-a) in NAFLD rats. At the same time,
it decreased the oxidative stress indices and some inflammation
gene expressions. In addition, in two clinical studies conducted
by Kim et al. [31] and Sangouni et al. [34] showed that oral
supplementation with 40 g/day garlic for 12 weeks significantly
increased the serum levels of TAC and antioxidant enzymes
and decreased MDA in NAFLD patients. Moreover, garlic
powder significantly increased the expression of TAC and
SOD. Other studies are summarized in Tables 1 and 2.

4. Discussion

The results of the current systematic review showed that
garlic might positively affect NAFLD and its associated
metabolic disorders, such as obesity, hyperlipidemia, and
insulin resistance. The findings of animal and human studies
showed that garlic supplements in different forms, such as
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FIGURE 2: Animal of assess of bias.
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FiGure 3: Human assessments of bias.

black garlic, fermented form, and the active ingredient of
garlic, effectively control factors affecting lipid profile and
blood sugar. Almost all studies have shown the potential role
of garlic in lowering the serum levels of lipids, including TG,
LDL-C, TC, and HDL-C. Although in one human study,
garlic did not affect the serum levels of TG, LDLLDL, HDL,
and TG. Notably, garlic can improve glucose metabolism by
reducing insulin resistance, fasting blood glucose, and
stimulating glucose uptake by peripheral tissues.

On the other hand, garlic effectively reduces in-
flammation by affecting the path of NF-xB. However, re-
garding human studies, only one case has investigated the
inflammatory high-sensitivityC-reactive protein (hs-CRP)
index. Also, garlic can lead to oxidative balance in the body
by inhibiting excessive ROS production. In addition, the
results of clinical trials also showed that the MDA changes
were insufficient among the included studies. GSTs may
improve TAC levels. Therefore, contrary to findings from
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animal studies, current evidence shows that, in human
studies, the effect of garlic supplementation on indicators of
oxidative stress, body weight, and inflammation is in-
sufficient. There are inconsistent findings across the included
studies regarding antioxidant biomarkers, inflammation,
and body weight. This difference can be explained by dif-
ferences in the dose and duration of interventions, sex, age,
genetics, physical activity, nutritional intake, and other
confounding factors, such as family history. It is better to
conduct studies with the same doses and specific duration.
Also, in animal studies, control of physiological conditions
and confounding factors are easily controlled compared to
human studies. Therefore, it seems that more clinical trial
studies are needed.

4.1. Possible Mechanisms of Action of Garlic in NAFLD.
Many studies have shown that plant-based compounds play
a therapeutic role in many diseases due to their anti-
inflammatory, antioxidative stress, antineurodegenerative,
antiaging properties, and improving insulin resistance
[45-51]. Garlic is a plant that improves lipid profile, blood
sugar, inflammation, and oxidative stress [35, 41]. The
possible mechanisms of action of garlic in NAFLD are
discussed in six major sections, including the effects of garlic
on oxidative stress and inflammation, insulin resistance (IR),
dyslipidemia, liver enzymes and steatosis, body weight, and
modulation of the gut microbiome (Figure 4).

4.2. Impacts of Garlic on Oxidative Stress and Inflammation.
Out of seven animal studies conducted on oxidative stress
and inflammation, all showed that garlic supplementation
improves antioxidant status and reduces inflammation.
However, in two human studies, garlic reduced oxidative
stress and improved antioxidant conditions, which requires
more studies to draw better conclusions. Reactive oxygen
species (ROS) and inflammation induce oxidative stress,
which is the prime mechanism of NAFLD progression and
other hepatic diseases [52]. NAFLD is strongly linked to the
overproduction of ROS, oxidative stress, and inflammation
in the liver [53]. Studies suggested that mitochondrial
dysfunction, reduction of intracellular antioxidants, and
inflammation are the main reasons behind the excessive
production of ROS in NAFLD. Overproduction of ROS also
induces lipid peroxidation leading to further cytokine
production, fibrogenesis, and hepatocyte apoptosis [52].
Lipid peroxidation establishes a vicious cycle that aggravates
mitochondrial dysfunction and oxidative stress [54]. Po-
tential pathways through which garlic can ameliorate oxi-
dative stress have been suggested, including decreasing
mitochondrial dysfunction, Kupffer cells activation, gene
expression of oxidative stress agents, and increased gene
expression of antioxidant agents. Organosulfur compounds
(OSCs) are the most effective constituents of garlic that
enhance the detoxification system [55]. These compounds
stimulate SOD, CAT, and GPx activities [56]. Moreover, S-
allylcysteine (SAC) attenuates nuclear factor kappa B (NF-
KB) activity and, thus, protects cells from ROS-induced
injury [57]. Other bioactive compounds, including dietary
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fibers, microelements (especially selenium), and poly-
phenols, are also associated with the antioxidant activity of
garlic [58]. A meta-analysis study by Moosavian et al. [59]
showed that garlic supplementation might improve oxida-
tive stress markers. Also, in another study, Koushki et al.
[60] indicated that garlic reduces TNF-a and CRP. Con-
sistent with the results obtained from our study, OSCs, such
as allicin, diallyl disulfide (DADS), and diallyl trisulfide
(DATS), can suppress the production of proinflammatory
cytokines and chemokines like IL-13, TNF-«, IL-6, IL-10, IL-
12, and monocyte chemoattractant protein-1 (MCP-1)
[61, 62].

4.3. Role of Garlicin Glycemic Indices. In four animal and one
human study, supplementation with gallic led to improved
glycemic indices and insulin resistance. NAFLD is tightly
related to IR and decreased insulin sensitivity at both the
muscle level and the hepatic and adipose tissue levels [63].
Hyperglycemia and hyperinsulinemia that occur as a result
of IR can promote hepatic steatosis. In addition, it can
contribute to higher ROS levels due to the reduction in
mitochondrial beta-oxidation and activation of other oxi-
dation pathways [37, 64]. Excessive supply of free fatty acids
(FFAs) to the liver, increased release of reactive oxygen
metabolites (ROMs), and changes in secretion and action of
adipocytokines are involved in the pathogenesis of insulin
signaling defect in NAFLD [65]. A possible mechanism
regarding the effect of garlic on IR is that garlic can decrease
the activation of enzymes involved in the formation of fat in
the liver and regulate lipogenesis [34]. In addition, adipo-
nectin, as an insulin sensitizer, functions by activating the
AMPK and the phosphorylation of ACC in the liver and
skeletal muscle [11, 13]. The circulatory levels of adiponectin
decrease in NAFLD [64, 65]. Since garlic can lead to higher
adiponectin concentration, it can improve IR [34]. SAC can
also impose an insulin-like impact on peripheral tissues by
promoting glucose uptake and metabolism or preventing
hepatic gluconeogenesis [66].

Moreover, garlic oil and DATS have an additional fa-
vorable effect on insulin secretion and sensitivity via their
antioxidant capacity [67]. In a study conducted on diabetic
rats, garlic oil and DATS did not significantly impact fasting
blood glucose [67]. Nevertheless, in a study on rats with
NAFLD, SAC could improve HbAlc and blood glucose
levels [68]. These contradictory findings are partly attributed
to different ways of garlic preparation and route of in-
tervention, dose, and duration of treatment [67].

4.4. Effect of Garlic on Dyslipidemia. Of the seven studies
conducted to investigate the effect of garlic on lipid profiles
and dyslipidemia, all studies showed the influential role of
garlic in blood lipid indicators. However, one human study
improved lipid profile, and another human study could not
find a significant effect on the lipid profile. Dyslipidemia in
NAFLD is defined as high levels of TG, LDL-C, small-
density LDL (sdLDL) particles, and decreased concentra-
tions of high-density lipoprotein cholesterol (HDL-C) [69].
This atherogenic dyslipidemia is linked to CVD risk factors
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FIGURE 4: Mechanism of action garlic on a biochemical pathway in NAFLD.

in NAFLD patients [69]. IR promotes an increase in FFA
flux, which stimulates TG and very-low-density lipoprotein
(VLDL) production and triggers oxidative stress and lipid
peroxidation [70]. Hepatic overproduction of VLDL and
disrupted clearance of triglyceride-rich lipoproteins from
the circulation are the underlying reasons for dyslipidemia
in NAFLD [71, 72]. Several mechanisms have been proposed
for the antihyperlipidemic effects of garlic. Garlic reduces
the expression of the intestinal microsomal triglyceride
transfer protein (MTP) gene and suppresses the aggregation
and secretion of chylomicrons from the intestine to the
blood circulation [73]. Another mechanism is that OSCs
exhibit lipid-lowering effects via the inhibition of 3-hydroxy-
3-methyl-glutaryl-CoA reductase (HMGR) activity by de-
creasing the levels of HMGR mRNA, which is mediated by the
inactivation of sterol regulatory element-bindingprotein-2
(SREBP-2) and by preventing the activation of cAMP re-
sponse element-binding protein (CREB) [74].

Furthermore, garlic may exert a lipid-lowering impact by
increasing adiponectin levels [34]. Adiponectin activates
AMPK and PPAR-«, inducing fatty acid oxidation in the
liver and muscle. Adiponectin concentrations also have an
inverse association with plasma TGs and positively correlate
with HDL-C and LDL-C sizes [63]. Regarding the effect of
garlic on lipid profile, there are some discrepancies among

several publications. Soleimani et al. [75] demonstrated that
garlic administration significantly reduces TC, LDL-C, and
TG concentrations in NAFLD patients, while contrary to
Soleimani et al.’s [75] study, the results of Jung et al. [76]
reported no significant improvement in TG, LDL-C, and TC
in patients with mild hypercholesterolemia. In a review
study, Sobenin et al. [77]showed that garlic could improve
the lipid profile. However, in a meta-analysis study, Khoo
et al. [78] showed that garlic does not affect lipid profile.
These different results might be due to different types of
garlic, different study designs, baseline lipid profiles, and
study populations [34, 75].

4.5. Impacts of Garlic on Liver Enzymes and Steatosis.
Four animal studies and two human studies conducted to
investigate the effect of garlic on liver enzymes showed that
garlic could play an influential role in controlling and im-
proving liver enzymes and steatosis. Hepatic steatosis, the
accumulation of TG in hepatocytes, is a major reason for
increased liver enzymes [79, 80]. However, it is noteworthy
to mention that up to one-third of NAFLD patients do not
have any enzyme abnormalities even with the development
of NASH [81]. When the balance between four pathways,
namely, the uptake of circulating lipids, de novo lipogenesis,
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fatty acid oxidation, and export of lipids to VLDL, is dys-
regulated, hepatic steatosis occurs [54]. Garlic regulates li-
pogenesis by reducing the activity of enzymes in hepatic fat
production, IR, NFkB pathway, and gene expression of
oxidative stress markers and contributes to hepatic steatosis
improvement [34]. Therefore, garlic affects hepatic steatosis
and liver enzymes through multiple pathways. For instance,
allicin displays antioxidant and anti-inflammatory effects by
downregulating the expression of NFKB and suppressing the
Jun N-terminal kinase (JNK) pathway [82, 83]. Additionally,
downregulation of lipogenic gene expressions, such as fatty
acid synthase and ACC via SREBP1c, and upregulation of
lipolytic gene expressions, like PPAR-a and carnitine pal-
mitoyltransferase-1(CPT-1), are other functions of garlic
[38, 84]. Ajoene, a stable OSC, may also upregulate the
expression of nuclear factor erythroid-2-related factor 2
(Nrf2), which is involved in synthesizing detoxification
enzymes and glutathione [85].

4.6. Garlic and Body Weight. Two of the eight animal studies
that examined garlic’s effect on body weight found that garlic
had no significant effect on weight. However, unlike animal
studies, in two out of three human studies that investigated
the effect of garlic on anthropometric indices, the results
showed that garlic could have a positive effect on improving
anthropometric indices. One of the most significant factors
associated with NAFLD pathogenesis is obesity [34]. Several
studies have reported the antiobesity effects of garlic [34, 38].
One of the explanations for the antiobesity property of garlic
is its thermogenic trait, which can elevate energy expenditure
by upregulating the expression of the uncoupling protein-2
(UCP-2) gene [79, 86]. Besides, inhibiting adipogenesis and
adipocyte differentiation through downregulation of PPARy,
SREBP-1¢, and fatty acid-binding protein (aP2) are other
beneficial effects of garlic in obesity treatment [37, 79]. Khoo
and Aziz [78] indicated that garlic supplementation might
reduce waist circumference without affecting body weight and
BMI. These different results may be due to different types of
garlic, different duration of the study, and amount of dosage.

4.7. Garlic and Modulation of the Gut Microbiome.
Increasing evidence suggests that dysbiosis is linked to
NAFLD and its severity [87-89]. Alterations of gut
microbiota increase intestinal permeability and the trans-
location of lipopolysaccharides (LPS) derived from Gram-
negative bacteria surfaces into the blood. This causes
endotoxemia, leading to hepatic inflammation [90, 91].
Furthermore, dysbiosis might give rise to intestinal short-
chain fatty acid (SCFA) and bile acid profile changes. Be-
cause increased bile acid production can stimulate the
epidermal growth factor receptor (EGFR), impaired gut
permeability and NASH will ensue [91, 92]. The prebiotic
effect of garlic can increase microbial richness and diversity,
particularly by stimulating the growth of Lactobacillus and
Clostridia species [93]. Although the study by Yang et al. [43]
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showed that a low dose of DADS induced fatty liver and gut
microbiota alteration, Chen et al. [94] reported that whole
garlic supplementation increased gut microbiome diversity,
especially f_Lachnospiraceae, and decreased the frequency of
g Prevotella. This inconsistency indicates that fructan and
OSCs derived from garlic have opposite effects on the fre-
quency of f Lachnospiraceae. Therefore, the whole garlic
intake can elevate the frequency of f_Lachnospiraceae [94].

4.8. Strengths, Limitations, Future Directions, and Knowledge
Gaps. The present study has both limitations and strengths.
The study reviewed both animal and human studies with
sufficient sample sizes. Despite its strengths, the study’s main
limitation was the heterogeneity of selected studies, which
could be due to factors including variation in doses and study
durations. Due to the administration of various dosages and
models of garlic in experimental studies, the lack of in-
formation regarding the required dosage ranges is consid-
erable, which is needed to be elucidated. The current review
included all the eligible animal and human studies assessing
the effect of garlic on NAFLD by providing the majority of
potential mechanisms of action of garlic in various NAFLD
outcomes. However, due to different administered com-
pounds and doses and duration of intervention, it might be
difficult to compare the results of included publications.
Therefore, future clinical trials with larger sample sizes and
extended intervention periods are warranted (Table 2).

5. Conclusion

In conclusion, garlic used in the reviewed papers had various
beneficial effects on NAFLD by mitigating oxidative stress,
IR, dyslipidemia, hepatic injury, and gut dysbiosis. No ad-
verse side effects were reported.
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