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A B S T R A C T

Background: Non-alcoholic fatty liver disease (NAFLD) is the most common chronic liver disease worldwide.
Insulin resistance, oxidative stress, and obesity are major contributors to NAFLD pathogenesis. The effects of
garlic powder supplementation on these risk factors in patients with NAFLD was investigated.
Methods: In this 12-wk, randomized controlled clinical trial, ninety patients with NAFLD were randomly as-
signed to two groups. The treatment group received four tablets of garlic (each coated tablet contained 400mg
garlic powder) daily and the control group received four tablets of placebo (each coated tablet contained 400mg
starch).
Results: A significant decrease was seen in the treatment group compared to the control group in waist cir-
cumference (P= 0.001), body fat percent (P < 0.001), serum concentration of fasting blood sugar (P=0.01),
insulin (P < 0.001), homeostatic model assessment for insulin resistance (P < 0.001), and malondialdehyde
(P < 0.001), as well as significant increase in skeletal muscle mass (P= 0.002), serum concentration of su-
peroxide dismutase (P < 0.001), and total antioxidant capacity (P < 0.001).
Conclusion: Garlic powder supplementation improved risk factors of NAFLD. Further studies are needed to de-
termine the effects of garlic on hepatic features in patients with NAFLD. The study protocol was registered at
Iranian clinical trials website under code IRCT20170206032417N4.

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) refers to excessive fat
accumulation in the liver (more than 5% of the liver weight) of non-
alcoholic individuals and comprises a range from simple steatosis,
which is a simple accumulation of fat without substantial inflammation
or hepatocellular injury, to non-alcoholic steatohepatitis (NASH),
which is an accumulation of fat along with inflammation and evidence
of hepatocellular injury. Moreover, it can ultimately lead to fibrosis,
cirrhosis, and hepatocellular carcinoma.1 Currently, the global pre-
valence of NAFLD, as the most common chronic liver disease world-
wide, is nearly 25 %2; however, its prevalence in Iran is reported to be
as high as 33.9 %.3 The global death rate of NAFLD population in 2015
was estimated to be 1.27 million.4 Research findings suggest that
obesity and insulin resistance are the most important risk factors

associated with NAFLD pathogenesis and are contributed to the de-
velopment of fat accumulation in the liver by disrupting the balance
between lipid and glucose metabolism.5,6 Furthermore, oxidative stress
plays an important role in the pathogenesis of NAFLD by increasing the
production of reactive oxygen species (ROS) and subsequently stimu-
lating lipid peroxidation and producing malondialdehyde (MDA).7 Also,
adherence to a Western dietary pattern with a high-fat, high-protein,
and high-fructose content can induce NAFLD by dysbiosis in the in-
testinal microbiota through increasing the proportion of Gram-negative
to Gram-positive bacteria, overproducing lipopolysaccharide, and
consequently increasing the hepatic inflammation.8 Diet modification
and weight loss are considered as important components of the main
line of NAFLD treatment.9,10

For centuries, garlic (Allium sativum L.) has been known as a herbal
medicine and is still used as a traditional medicine in various cultures.11
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The beneficial effects of garlic are attributed to its bioactive compounds
including allicin, S-allylcysteine (SAC), ajoene, diallyl disulfide, SAC
sulfoxide, and S-methylcysteine sulfoxide.12,13 Strong scientific evi-
dence indicate that garlic consumption could reduce blood pressure,
prevent atherosclerosis, inhibit platelet aggregation, and increase the
fibrinolytic activity. 14 As a result, the antioxidant effects of garlic have
been confirmed.14,15 Likewise, experimental studies have shown that
garlic has beneficial effects on obesity and insulin resistance.16–18

However, the effects of garlic on two major risk factors of NAFLD pa-
thogenesis in the human population, that is, oxidative stress and insulin
resistance, are still unclear. To the best of our knowledge, no clinical
trial to date has investigated the effects of garlic consumption on oxi-
dative stress and insulin resistance as major contributors to NAFLD
pathogenesis. The trial conducted by Soleimani et al.19 is the only
clinical trial conducted to investigate the effect of garlic supplementa-
tion on obesity as another important factor in the pathogenesis of
NAFLD. Accordingly, this clinical trial was designed to evaluate the
effects of garlic powder supplementation on oxidative stress, insulin
resistance, and body composition among patients with NAFLD.

2. Methods

2.1. Recruitment and eligibility screening

From August 2018 to November 2018, 110 patients with NAFLD
were identified and screened at Imam Khomeini educational and
medical center in Urmia, Iran. NAFLD was diagnosed by ultrasound on
the basis of steatosis. The inclusion criteria included patients with grade
1–3 fatty liver and aged ≥18 y. The exclusion criteria, on the other
hand, ruled out those individuals with viral hepatitis, liver cancer, other
liver diseases, diabetes mellitus, untreated hypothyroidism, mental
diseases, kidney diseases, pregnancy, lactation, low blood pressure,
allergy to garlic, and those who were taking blood pressure lowering
medications or were unwilling to participate in the study. Eventually,
90 patients above the age of 18 were included in the study.

2.2. Trial design

This 12-week, double-blind, randomized controlled clinical trial was
conducted from December 2018 to March 2019. The risks and benefits
of the study were explained to the participants and they were asked to
sign a written consent approved by the ethics committee in Urmia
University of Medical Sciences. Moreover, participants were told they
were free to drop out at any time for any reason. The study protocol was
registered at Iranian clinical trials website (http://www.irct.ir) under
code IRCT20170206032417N4. At the beginning of the study, patients
were randomly assigned into the two groups of treatment and control
by applying a simple randomization sampling method. Randomization
lists were computer-generated by a statistician. Next, the participants
were assigned to the intervention or control group. The treatment group
received 400mg of garlic powder tablets (each coated tablet contained
1.5 mg allicin and approximately equaled two grams of fresh garlic)
four times a day, and the control group received four placebos (coated
tablets containing starch) on a daily basis. Medical treatment for all
patients was the recommendation to lose weight without offering or
following any certain method for this purpose. The patients, researcher,
laboratory staff, and statistician were blinded to the intervention as-
signment until the end of the study.

2.3. Intervention

The participants were provided with garlic and placebo tablets once
every three weeks. The dose of garlic powder was determined based on
the effective dose mentioned in the study conducted by Lawson et al.20

Because garlic bioavailability decreases after protein intake,20 partici-
pants were asked to consume two tablets an hour before lunch and two

tablets an hour before dinner. Garlic and placebo tablets were produced
in Amin Pharmaceuticals Co., Isfahan, Iran. The appearance (shape,
color, and odor) of the placebo tablets was similar to that of garlic
powder tablets. The consumption of garlic powder and placebo tablets
by each participant was checked once every three weeks, and when the
consumed amount was estimated to be less than 80 % of the expected
amount, the patient was excluded.

2.4. Dietary intake and physical activity assessment

A 3-day (one weekend day and two nonconsecutive weekdays) 24-h
recall questionnaire was used to assess the average intake of food
groups’ servings including dairy, meats, grains, vegetables, fruits, fats,
sugars. Moreover, the average consumption of garlic was specifically
evaluated at weeks 0, 6, and 12. Furthermore, the patients’ physical
activity was assessed using the metabolic equivalent of task (MET)
questionnaire at weeks 0, 6, and 12.

2.5. Laboratory evaluations

Laboratory tests were performed at weeks 0, and 12 to determine
the serum total antioxidant capacity (TAC), MDA, superoxide dismutase
(SOD), and insulin. Fasting blood sugar (FBS) concentration was mea-
sured at weeks 0, 6, and 12 as well. Blood was drawn after 12 h of
fasting and was centrifuged for 10min at a speed of 3600 rpm. Serum
samples were evenly poured into the microtubes and were immediately
frozen at -80 °C. Moreover, TAC, MDA, SOD, and insulin were measured
employing the ELISA method (Stat Fax 4200; Microplate Reader, USA)
and using commercial kits (Navand salamat, Urmia, Iran for TAC, MDA,
and SOD; Q-1-DiaPlus, USA for Insulin). In addition, FBS was measured
with routine enzymatic assays and with commercial kits (Pars Azmoon,
Iran), using an auto-analyzer (AVIDA 1800 chemistry system; Siemens,
United Kingdom). All laboratory assessments were performed in the
laboratory of Nutrition Department applying the standard laboratory
methods.

2.6. Glucose homeostasis

Homeostatic Model Assessment for Insulin Resistance (HOMA-IR)
was employed to assess the insulin resistance using the following for-
mula: HOMA-IR = [fasting insulin (mU/L) × fasting blood glucose
(mg/dL)] / 405.

2.7. Anthropometric assessment

The height, weight, waist circumference (WC), body fat percentage
(BFP), and skeletal muscle mass (SMM) were measured utilizing the
stadiometer, scale, and bioelectrical impedance analyzer (BIA) (In Body
770, Korea) based on standard protocols at weeks 0, 6, and 12, with the
patients wearing light clothes and no shoes. Then, the body mass index
(BMI) of each patient was calculated using the following formula:
weight (kg) / height (m) 2.

2.8. Statistical analyses

With α=0.05, power= 95 %, and based on a study conducted by
Ashraf et al.,21 the needed sample size was assessed to be 37 per study
group.27. However, considering a drop-out rate of ∼20 %, the final
needed sample size was estimated to be 45 per group. In order to
eliminate the effects of confounding factors, differences in general
characteristics and dietary intakes between the two groups at the
baseline were compared conducting an independent t-test (for con-
tinuous variables), and chi-square (for categorical variables). To de-
termine the effect of garlic powder and the placebo on serum con-
centration of FBS, and anthropometric variables, a general linear model
of ANOVA for repeated measurements was applied. In these analyses,
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the groups were regarded as between-subject factors, and time was
considered as a within-subject factor. Univariate ANCOVA was also
carried out to compare the final values of HOMA-IR and serum con-
centrations of insulin and oxidative stress markers for controlling
baseline values. Data were analyzed by running SPSS version 24 (SPSS,
Inc.). For all analyses, P < 0.05 was considered as being significant,
and all the data were shown as means ± SDs, if not indicated other-
wise.

3. Results

3.1. Characteristics of the patients

A total of 90 participants were randomly assigned into the two
groups. After randomization, two participants were excluded; due to
surgery (n=1), and lost to follow-up (n=1). Finally, 88 participants
completed the trial in the treatment (n=45) and control groups
(n=43) (Fig. 1).

The results of the study showed that there were no significant dif-
ferences between the two groups in terms of baseline demographic
characteristics, except for the FBS. The control group had a higher FBS
serum concentration than the treatment group (Table 1). During the
study, there was no significant difference observed between the two
groups in terms of physical activity. Moreover, based on the 3-day, 24-h
food recalls, no significant differences in the mean intake of energy,
food groups and garlic were seen between the two groups during this
trial. Lastly, there was no significant difference observed between the
two groups regarding the intake of drugs and supplements.

3.2. Outcomes

It was observed that WC (P= 0.001), BFP (P < 0.001), and SMM
(P=0.002) decreased significantly in the treatment group, in contrast
to the control group (Table 2).

In addition, there was a significant decrease in FBS (P= 0.01), in-
sulin (P < 0.001), MDA (P < 0.001), and HOMA-IR status
(P < 0.001) as well as a significant increase in serum concentration of

Fig. 1. Flow diagram of the study participants.

Table 1
Demographic characteristics of patients with NAFLD.

Treatment group
(n= 45)

control group
(n=43)

P

Age, y 45.2 ± 12.4 44.2 ± 11.1 0.68
Sex, n (%) 0.08
Male 33 (73.3) 24 (55.8)
Female 12 (26.7) 19 (44.2)
Smoking status, n (%) 0.31
Current smoker 16 (35.6) 11 (25.6)
Nonsmoker 29 (64.4) 32 (74.4)
MET-h/d 28.8 ± 3.8 27.8 ± 3.6 0.23
Energy intake, kcal/d 2041 ± 123 2034 ± 136 0.80
ALT, IU/L 30.9 ± 15.7 24.9 ± 15.4 0.07
AST, IU/L 22.8 ± 11.1 21.2 ± 7.3 0.41
Glycemic indices
FBS, mg/dL 90.1 ± 7.8 94.8 ± 11.3 0.02
insulin, mU/L 8.5 ± 2.7 8.3 ± 2.5 0.74
HOMA-IR 1.88 ± 0.6 1.94 ± 0.6 0.66
Serum OS markers
TAC, nmol/mL 2.19 ± 0.44 2.26 ± 0.35 0.46
SOD, U/mL 521.83 ± 126.6 535.99 ± 156.1 0.64
MDA, nmol/mL 1.73 ± 0.38 1.71 ± 0.57 0.90
Anthropometric

Indices
Height, cm 172.2 ± 9.8 168.8 ± 11.0 0.13
Weight, kg 89.8 ± 11.9 90.0 ± 13.6 0.95
BMI, kg/m2 30.2 ± 3.1 31.6 ± 3.8 0.08
WC, cm 105.6 ± 9.8 108.4 ± 10.4 0.19
BFP, % 33.6 ± 7.0 38.2 ± 8.1 0.006
SMM, kg 33.6 ± 6.1 31.2 ± 7.4 0.11

Data are expressed as mean ± standard deviation. P values were computed by
independent t-test for continuous variables and by chi-square for categorical
variables. MET-h: metabolic equivalent task hours; ALT: alanine transaminase;
AST: aspartate transaminase; FBS: fasting blood sugar; HOMA-IR: homeostatic
model assessment for insulin resistance; OS: oxidative stress; TAC: total anti-
oxidant capacity; SOD: superoxide dismutase; MDA: malondialdehyde; BMI:
body mass index; WC: waist circumference; BFP: body fat percent; SMM: ske-
letal muscle mass.
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TAC (P < 0.001), and SOD (P < 0.001) in the treatment group com-
pared to the control group (Table 3), and finally, there was no sig-
nificant difference found between the two groups in their weight and
BMI at the end of the study.

4. Discussion

To the best of our knowledge, this study was the first clinical trial to
investigate the effects of garlic powder supplementation on insulin re-
sistance and oxidative stress in patients with NAFLD. Garlic is a part of
the Mediterranean diet, and adherence to the this diet which is based on
the regular consumption of olive oil, plant foods, the moderate con-
sumption of fish, seafood, and dairy, and low alcohol (mostly red wine)
intake, balanced by a comparatively limited use of red meat and other
meat products, has beneficial effects in the management of NAFLD.22

We demonstrated that supplementation with garlic powder for 12
weeks led to improved insulin resistance, oxidative stress, and body
composition indices. Insulin resistance, as an important risk factor,
becomes involved in the pathogenesis of NAFLD through mechanisms
such as altering the production of adipokines, increasing lipolysis and
subsequent delivery of free fatty acids to the liver.23 A possible me-
chanism through which garlic can improve insulin resistance could be
the regulation of lipogenesis by reducing the activation of enzymes
involved in the formation of adipose in the liver and increasing the
adiponectin levels.24,25 Consistent with our findings, Liu et al.25 showed
improvement of HOMA-IR in diabetic rats consuming garlic oil and
diallyl trisulfide. In addition, in line with our study, Choudhary et al.26

as well as Ashraf et al.27 observed that garlic consumption led to the
improvement of FBS among individuals with metabolic syndrome and
those with diabetes, respectively.

Reducing mitochondrial dysfunction, decreasing kupffer cells acti-
vation, decreasing gene expression of oxidative stress indices, and in-
creasing gene expression of antioxidant indices are potential mechan-
isms through which garlic can improve oxidative stress.28,29 Consistent
with the results of the present study, Koseoglu et al.30 showed an im-
provement in TAC during garlic powder supplementation in healthy

subjects. Moreover, Ziamajidi et al.15 observed a significant decrease in
MDA and total oxidant status after treatment of diabetic rats with
garlic.

Obesity is one of the most important factors involved in the NAFLD
pathogenesis. We found that garlic powder supplementation reduced
WC, BFP, and increased SMM without affecting the weight. It should be
noted that reducing WC without losing weight can be an indication of
the improvement in central obesity, which is considered an important
risk factor for NAFLD pathogenesis.31 Possible mechanisms of garlic
affecting obesity are reduction of intestinal absorption of triglycerides,
inhibition of PPAR gamma gene expression, and consequently sup-
pression of human preadipocyte differentiation and lipid accumulation
in differentiated preadipocyte, as well as the thermogenic effects of
garlic.16,32,33 Very few clinical trials, however, have examined the ef-
fect of garlic powder supplementation on body composition. In a 15-
week study by Soleimani et al.,19 garlic powder supplementation im-
proved obesity indices such as weight and fat mass in patients with
NAFLD; nonetheless, no significant weight loss was observed in our
study. A logical reason for this contrast may be the difference in in-
tervention duration; as in our 12-week study we observed a trend in
weight loss; however, it was not significant. Consistent with our results
including a significant decrease in the BFP, Joo et al.16 found that garlic
supplementation in rats fed a high-fat diet reduced adipose tissue mass;
demonstrating the beneficial effects of garlic on body fat mass. It should
be noted that no serious adverse effects were reported throughout the
study.

Our study has strengths such as having a high compliance rate
(more than 97 %) and checking dietary garlic consumption.

One of the limitations of the study is the use of liver ultra-
sonography due to its low cost, noninvasiveness, and availability, and
this is despite the fact that biopsy is known as the gold standard in liver
steatosis assessment. So it was possible that some patients with NAFLD
are missed in sampling of NAFLD patients (false negative diagnosis),
although possible of false positive diagnosis was very low.34 Another
limitation of the study is using BIA, which is not the gold standard for
body composition measurement. Finally, euglycemic clamp technique

Table 2
Effects of garlic powder on anthropometric variables of patients with NAFLD*.

Anthropometric variables Treatment group (n= 45) control group (n= 43) PTime PGroup PTime×Group

Weight, kg 0.02 0.42 0.86
Week 0 89.8 ± 11.9 90.0 ± 13.6
Week 6 89.5 ± 11.8 90.0 ± 13.6
Week 12 89.2 ± 11.8 89.8 ± 13.4
Mean difference −0.6 ± 1.2 −0.1 ± 1.5
BMI, kg/m2 0.02 0.06 0.12
Week 0 30.2 ± 3.1 31.6 ± 3.8
Week 6 30.1 ± 3.1 31.6 ± 3.8
Week 12 30.0 ± 3.1 31.5 ± 3.8
Mean difference −0.19 ± 0.4 −0.03 ± 0.5
WC, cm 0.001 0.008 0.001
Week 0 105.6 ± 9.8 108.4 ± 10.4
Week 6 104.9 ± 9.7 108.9 ± 10.9
Week 12 104.0 ± 9.7 108.4 ± 10.8
Mean difference −1.58 ± 2.1 −0.03 ± 1.9
BFP, % < 0.001 0.002 < 0.001
Week 0 33.6 ± 7.0 38.2 ± 8.1
Week 6 33.3 ± 7.1 38.4 ± 8.0
Week 12 32.5 ± 7.3 38.1 ± 7.9
Mean difference −1.08 ± 1.1 −0.10 ± 1.1
SMM, kg 0.08 0.05 0.002
Week 0 33.6 ± 6.1 31.2 ± 7.4
Week 6 33.7 ± 6.2 30.8 ± 7.2
Week 12 34.1 ± 6.3 31.0 ± 7.2
Mean difference + 0.5 ± 1.1 −0.2 ± 1.0

*Data are expressed as mean ± standard deviation (SD).
P: P values were computed by general linear model ANOVA for repeated measurements.
NAFLD: non-alcoholic fatty liver disease; BMI: body mass index; WC: waist circumference; BFP: body fat percent; SMM: skeletal muscle mass.
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or intravenous glucose tolerance testing could measure insulin sensi-
tivity more accurately.35

This 12-week clinical trial, demonstrated that garlic powder sup-
plementation led to improve insulin resistance, oxidative stress, and
body composition. According to these results, further studies are
needed to determine the effect of garlic powder supplementation on
hepatic features in patients with NAFLD.
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Week 12 2.25 ± 0.39 1.99 ± 0.29
Mean difference + 0.05 ± 0.2 −2.26 ± 0.2
SOD, U/mL < 0.001 < 0.001
Week 0 521.83 ± 126.6 535.99 ± 156.1
Week 12 554.99 ± 118.0 506.77 ± 123.5
Mean difference + 33.1 ± 36.5 −29.2 ± 79.4
MDA, nmol/

mL
< 0.001 < 0.001

Week 0 1.73 ± 0.38 1.71 ± 0.57
Week 12 1.42 ± 0.37 1.72 ± 0.63
Mean difference −0.3 ± 0.2 0.0 ± 0.4

*Data are expressed as mean ± standard deviation (SD).
†P values were computed by general linear model ANOVA for repeated mea-
surements in FBS and by univariate ANCOVA in the rest of variables after
controlling baseline values.
†† Adjusted based on mean changes of WC and baseline values of parameters.
a P value represent the effect of time× group interaction.
NAFLD: non-alcoholic fatty liver disease; FBS: fasting blood sugar; HOMA-IR:
homeostatic model assessment for insulin resistance; TAC: total antioxidant
capacity; SOD: superoxide dismutase; MDA: malondialdehyde; WC: waist cir-
cumferences.
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