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Abstract

Background: Nonalcoholic fatty liver disease (NAFLD) is one of the most common chronic liver diseases worldwide. The pathogenesis of 
this disease is closely associated with obesity and insulin resistance. Ginger can have hypolipidemic and antioxidant effects, and act as an 
insulinsensitizer.
Objectives: The aim of this study was to evaluate the effects of ginger supplementation in NAFLD management.
Patients and Methods: In a randomized, double-blind, placebo-controlled clinical trial, 44 patients with NAFLD were assigned to take 
either two grams per day of a ginger supplement or the identical placebo, for 12 weeks. In both groups, patients were advised to follow a 
modified diet and physical activity program. The metabolic parameters and indicators of liver damage were measured at study baseline 
and after the 12 week intervention.
Results: Ginger supplementation resulted in a significant reduction in alanine aminotransferase, γ-glutamyl transferase, inflammatory 
cytokines, as well as the insulin resistance index and hepatic steatosis grade in comparison to the placebo. We did not find any significant 
effect of taking ginger supplements on hepatic fibrosis and aspartate aminotransferase.
Conclusions: Twelve weeks of two grams of ginger supplementation showed beneficial effects on some NAFLD characteristics. Further 
studies are recommended to assess the long-term supplementation effects.
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1. Background
Nonalcoholic fatty liver disease (NAFLD) is one of the 

most common chronic liver diseases worldwide and 
occurs predominantly in obese, sedentary people and 
patients with type II diabetes (1). NAFLD includes a wide 
variety of liver disorders from simple steatosis to hepat-
ic fibrosis and cirrhosis (2). It is usually associated with 
metabolic disorders such as obesity, insulin resistance 
(3), hypertension, dyslipidemia and impaired fat me-
tabolism (4), and it can increase mortality risk due to the 
associated cardiovascular disease (5). Although there is 
no proven treatment for this disorder, researchers have 
suggested a combination of modified diet and exercise 
for treatment (6). Previous studies have shown that a diet 
rich in antioxidants and anti-inflammatory agents can be 
effective in the treatment of NAFLD (7).

Ginger is the root of Zingiber officinale and is one of the 
most used spices in many countries. Ginger contains ac-

tive ingredients such as gingerol, shogaol, zingerone and 
β-bisabolene (8). In ancient medical practice, ginger was 
used for treatment of various disorders such as rheuma-
toid arthritis, neurodegenerative diseases, inflammation 
and asthma (9). Previous studies have shown that ginger 
and its active compounds can exhibit anti-diabetes, anti-
cancer and anti-inflammatory properties (10, 11). It has 
been shown that ginger extract can exhibit antioxidant 
activity and reduce the levels of pro-inflammatory bio-
markers (12). Moreover, recent studies on patients with 
Type II diabetes and hyperlipidemia have shown that gin-
ger can reduce insulin resistance and serum triglyceride 
concentration (13, 14).

2. Objectives
Accordingly, the hypothesis of this study was that ginger 
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supplementation can be introduced as a new therapeutic 
strategy for NAFLD by improving the body’s antioxidant ac-
tivity, and reducing levels of inflammation and insulin re-
sistance. A randomized double-blind study was designed to 
evaluate this hypothesis in order to examine the effective-
ness of ginger supplementation in patients with NAFLD.

3. Patients and Methods

3.1. Participants
Patients were identified and recruited from the Baqia-

tallah hospital, Iran. Inclusion criteria included the pres-
ence of steatosis on fibroscan (CAP score > 270) and a high 
concentration of liver enzyme (alanine aminotransferase 
(ALT) greater than 1.5 times the upper limit of the normal 
range) at the time of randomization. Exclusion criteria 
included chronic liver diseases such as various types of 
hepatitis, diabetes mellitus, cancer, inherited disorders 
affecting the liver condition (storage disorders of iron, 
copper, and others), non-treated hypothyroidism, as well 
as, alcohol use, taking any medications, weight loss sur-
gery in the last year or strict diets to lose weight in the 
past three months, pregnancy, lactation, autoimmune 
diseases, weight loss more than ten percent of initial 
body weight during the intervention, unwillingness to 
continue the study protocol, and not taking more than 
ten percent of supplements in any follow-up visit.

3.2. Study Design
Eligible patients with NAFLD were invited to partici-

pate in this study. At first, all participants were informed 
about the study protocol by being given a complete de-
scription of the objectives, benefits and potential harms 
of the study. The study was approved by the ethics com-
mittee of Tehran University of Medical Sciences and in-
formed consent was received from the participants who 
elected to participate in the study. Eventually 50 patients 
who met the inclusion criteria were selected.

Participants were randomly allocated based on age, sex 
and severity of steatosis into two groups. Randomization 
lists were computer-generated by a statistician and partici-
pants, project managers and employees at the clinic were 
completely unaware (blind) about the intervention and 
control groups. At the first visit, baseline data were gath-
ered and patients were advised to consume two capsules, 
each containing 500 mg of ginger (Green Plants of Life 
Pharmaceutics Co., Iran) or identical placebos (starch) one 
hour after breakfast and two capsules after dinner for 12 
weeks. For all patients, capsules were given in the first week 
for three weeks, and in each visit a new series of supple-
ments were prescribed. In both groups, patients were ad-
vised to follow a modified diet and physical activity plan, 
according to the clinical guidelines on the Identification, 
evaluation, and treatment of overweight and obesity in 
adults from the national institutes for health (NIH) and the 
north American association for the study of obesity (15). Ac-

cording to these groups, less than 30% of energy from lipids 
(10% from SFAs, 15% from MUFAs and 5% from PUFAs), 15% to 
18% of energy from proteins and 52% to 55% of energy from 
carbohydrates were provided. Also, patients were advised 
to limit their dietary cholesterol intake to less than 300 mg 
per day and consume 20 to 30 grams of fiber per day. All 
patients were advised to exercise ≥ 30 min, three times per 
week. To remind the participants about supplement con-
sumption phone calls were made at the end of each week.

3.3. Clinical, Paraclinical, and Dietary Intake 
Assessments

For all patients, anthropometric parameters, includ-
ing weight, height, waist and hip circumference, were 
measured at the beginning (week 0) and the end (week 
12) of the study. body mass index (BMI) was calculated by 
dividing weight to height squared (m2), and waist to hip 
ratio (WHR) was calculated by dividing the waist to hip 
circumference. All the measurements were made by one 
person in order to reduce measurement errors. To assess 
food intake, all participants of the study were asked to 
complete a three-day food record at the beginning and at 
the end of the study. Blood samples were received from 
all patients after 10 to 12 hours of fasting at the beginning 
(week 0) and the end (week 12) of the study.

All biochemical tests were accurately measured in 
the same laboratory. G-glutamyltransferase (GGT) was 
measured using an enzymatic colorimetric assay (Par-
sazmoun). ALT and aspartate aminotransferase (AST) con-
centrations were measured using a photometric assay 
(Parsazmoun). The concentration of TNF-α was measured 
using an ELISA kit (eBioscience, Inc., San Diego, CA, USA, 
Cat NO: 109957025) and high-sensitivity C-reactive protein 
concentration was also measured by ELISA kit (Parsazmun 
Co., Tehran, Iran, Cat NO: 93001). Fasting blood glucose 
levels were measured using the GOD/POD method. Serum 
insulin concentrations were measured using an ELISA kit 
(Monobind, Inc., Lake FOREST, CA, USA, Catalog NO: 58K1L4). 
Insulin resistance was measured by the homeostasis model 
formula (HOMA-IR-IR) as follows: HOMA-IR = [fasting insu-
lin (mU/L) × 3 fasting blood glucose (mg/dL)]/405 (16). The 
steatosis and hepatic fibrosis in patients was measured us-
ing ultrasound elastography at the beginning and the end 
of the study. The physical activity of patients was measured 
by the metabolic equivalent of task (MET) questionnaire at 
the beginning and the end of the study.

3.4. Statistical Analysis
Statistical analysis was performed using SPSS version 

19. Normal distribution of data was assured using the 
Kolmogorov-Smirnov and Shapiro-Wilk tests. Normally 
distributed variables are reported as mean ± standard 
deviation. Baseline characteristics of variables were com-
pared among the two groups using independent sample 
t-test, Mann-Whitney U test and chi-square test. Within-
group comparisons, before and after the intervention, 
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were made with the Student’s t-test or Wilcoxon. In order 
to eliminate the effects of confounding factors, the analy-
sis of covariance test was used. All ANCOVA models were 
adjusted for the baseline value of each variable and mean 
changes in BMI, WHR, MET and energy.

This trial was registered at clinicaltrials.gov as 
NCT02535195

4. Results

4.1. Participants’ Characteristics
Fifty patients were included in the study and were ran-

domly assigned to take either two grams of ginger (n = 
25) or the identical placebo (n = 25). Two patients in the 
ginger group (due to unwillingness to continue) and four 
patients in the control group (two persons due to immi-
gration and two persons due to unwillingness to contin-
ue) were excluded, and 44 people, including 23 patients in 
the ginger group and 21 patients in the control group were 

entered into the final analysis. Demographic and clinical 
characteristics are summarized in Table 1. Eighty-eight 
percent of patients in the study successfully completed 12 
weeks of treatment. No significant difference was found 
between demographic index levels, weight, BMI, nutrition-
al intake (energy, selenium, vitamin D, vitamin E, vitamin 
C, omega-3 and omega-6), physical activity, and especially, 
the steatosis degree and liver fibrosis between the two 
groups at baseline. However, there was a significant differ-
ence between the two groups in levels of hs-CRP and AST 
liver enzyme at the beginning of the study.

4.2. Primary Outcome
Serum levels of the ALT in both groups had a significant 

reduction (P < 0.05), but it declined significantly more in 
the ginger group compared with the placebo group (P = 
0.02) (Table 2). Also, it remained significant after adjust-
ing the results for the energy, physical activity, WHR and 
BMI variables (P = 0.045) (Table 3).

Table 1. Baseline Characteristics at Enrollmentaa

Variables Total (n = 44) Ginger Group (n = 23) Placebo Group (n = 21) P Value
Age, y 45.22 ± 1.55 45.45 ± 2.31 45 ± 2.14 0.886
Gender 0.405

Male 20 11 9
Female 24 11 13

Smoking 1.000
Yes 4 2 2
No 41 20 20

Metabolic characteristics
Weight, kg 83.92 ± 2.33 86.47 ± 3.59 81.38 ± 2.96 0.285
Height, cm 164.21 ± 1.71 168.33 ± 2.06 160.14 ± 2.48 0.015
BMI, kg/cm2 31.04 ± 0.54 30.55 ± 0.95 31.53 ± 0.47 0.280
Waist circumference, cm 103.47 ± 1.26 104.4 ± 2.19 102.54 ± 1.29 0.323
Hip circumference, cm 108.15 ± 0.92 109.59 ± 1.46 106.72 ± 1.07 0.122
WHR 0.95 ± 0.009 0.95 ± 0.01 0.96 ± 0.01 0.543
MET, h/d 31.47 ± 0.6 32.02 ± 4.1 32.02 ± 4.2 0.598
Energy, kcal 2329.92 ± 61.15 2447.52 ± 82.88 2212.31 ± 84.42 0.053

Abbreviations: BMI, body mass index; MET, metabolic equivalent of task; WHR, waist to hip ratio.
aValues are expressed as number or mean ± SD of subjects.

Table 2. Means and Standard Deviations of the Outcome Measuresa

Variables Intervention Group Placebo Group P Valueb,c

Before After Before After P1 P2 Pt
ALT, U/L 36.59 ± 0.58 30.5 ± 0.97 34.53 ± 0.29 30.82 ± 0.74 .002 0.002 .02
AST, U/L 36.04 ± 0.69 31.67 ± 0.79 33.44 ± 0.49 29.48 ± 0.91 .005 .003 .02
GGT, U/L 40.32 ± 2.06 30.26 ± 1.64 44.45 ± 0.26 41.82 ± 0.35 .026 .022 .01
HOMA-IR 2.93 ± 0.34 2.19 ± 0.3 2.69 ± 0.22 2.38 ± 0.2 .002 .005 .01
Fibrosis score, KPa 7.02 ± 0.43 5.09 ± 0.41 7.92 ± 0.46 7.15 ± 0.45 .001 .009 .335
Steatosis score, CAP 307.81 ± 8.007 255.77 ± 7.86 287.45 ± 7.17 276.36 ± 7.77 .004 .007 .022
hs-CRP, ng/mL 4.62 ± 0.14 3.42 ± 0.12 4.79 ± 0.18 4.44 ± 0.16 .007 .005 .032
TNF-α, pg/mL 4.68 ± 0.37 3.52 ± 0.38 3.03 ± 0.21 2.88 ± 0.21 0 .003 .002
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, γ-glutamyl transferase; HOMA-IR, homeostasis model formula for 
insulin resistance; hs-CRP, high-sensitivity C-reactive protein; TNF-α, tumor necrosis factor alpha.
aValues are expressed as mean ± SD.
bP1 and P2 value, difference compared with the value at the beginning of the study within groups (paired t-test).
cPt value, mean difference of changes between the two groups (independent t-test).
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Table 3. Adjusted Mean Changes and Standard Deviation of the 
Outcome

Variable Ginger Group Placebo Group P Value
ALT −5.81 ± 4.05 −3.71 ± 2.97 0.045
AST −4.36 ± 2.93 −3.95 ± 4.07 0.866
GGT −10.05 ± 9.25 −2.62  ± 1.77 0.001
HOMA-IR −0.73 ± 0.85 −0.31 ± 0.24 0.022
hs-CRP −0.36 ± 0.24 −0.17 ± 0.09 0.016
TNF-α −1.15 ± 0.67 −0.14 ± 0.05 0.01
Steatosis score −52.04 ± 36.33 −11.09 ± 5.69 < 0.001
Fibrosis score −1.12 ± 1.5 −0.77 ± 1.2 0.39
Abbreviations: ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; GGT, γ-glutamyl transferase; HOMA-IR, homeostasis 
model formula for insulin resistance; hs-CRP, high-sensitivity C-reactive 
protein; TNF-α, tumor necrosis factor alpha.

4.3. Secondary Outcomes
Anthropometric measures, including weight, BMI, 

waist circumference, hip circumference and waist-to-hip 
ratio, decreased significantly in both groups at the end of 
study, but this reduction was not significantly different 
between the two groups except for hip circumference, 
which reduced significantly more in the ginger group 
in comparison to the placebo group (P = 0.015). Improve-
ments in serum levels of AST and GGT were observed in 
both groups; however, this reduction was significant 
only in the ginger group. After adjusting the results for 
baseline values, this reduction was significant only for 
GGT (P < 0.01), and AST changes between the two groups 
was not significant (P = 0.886). A substantial improve-
ment in most liver indicators was observed within each 
group and between the two groups before and after the 
adjustment for confounder variables. Patients taking 
ginger capsules compared to the placebo group had a 
significantly greater decrease in the steatosis score (P < 
0.001), but the difference in fibrosis score between the 
two groups was not significant (P = 0.39). At the end of 
the study, there was a significant reduction in levels of 
TNF-α and hs-CRP in both groups, but the decline was 
greater in the ginger group (0.01 and 0.016, respectively). 
Furthermore, the ginger supplement compared to the 
placebo caused greater reduction in the levels of insulin 
resistance index (HOMA-IR) (P = 0.022).

No severe effects were reported due to the ginger or place-
bo supplementation by the patients. Only one patient com-
plained of mild headache and one of heartburn caused by 
the ginger supplements, both of which were resolved by 
recommendations of the nutritional consultants.

5. Discussion
To our knowledge, this is the first randomized, double-

blind clinical trial study that examined the effects of ginger 
supplementation with lifestyle intervention on liver en-
zymes, inflammatory markers, steatosis and hepatic fibro-
sis scores in patients with nonalcoholic fatty liver disease 

(NAFLD). In this study, daily consumption of two grams of 
ginger supplement for 12 weeks resulted in a significant 
decrease in inflammatory marker levels, ALT and GGT liver 
enzymes and liver steatosis. Insulin resistance is one of the 
major risk factors in the pathogenesis of NAFLD (16). Our 
study has shown that ginger supplementation reduces in-
sulin resistance, which is in line with previous studies.

Shidfar et al. have shown that ginger supplementation 
can ameliorate levels of insulin resistance markers (14). 
Furthermore, Mozaffari et al. showed that a daily intake 
of three grams of ginger powder for eight weeks resulted 
in a significant reduction in fasting blood sugar levels and 
insulin resistance (17). Thus, our study confirmed these 
previous studies, and showed that as little as two grams/
day of ginger can reduce insulin resistance. According to 
the other studies, inflammatory agents play an impor-
tant role in the pathogenesis of NAFLD. Some studies have 
shown that in patients with NAFLD, polymorphisms of 
TNF-α promoter, at positions 238 (TNFA) and 308 (TNF2), 
are common and its expression increases (18). TNF-a plays 
a critical role in both insulin resistance and liver fibrosis 
and increases fatty acids oxidation (19, 20). So, reduction 
of TNF-α and other inflammatory factors can improve the 
treatment of NAFLD. In this study, it was shown that ginger 
supplementation caused a significant decrease in serum 
levels of TNF-α and hs-CRP, which is consistent with pre-
vious studies such as those by Lee et al. (21) and Habib et 
al. (22). After the adjustment for confounders, the hepatic 
steatosis score in the group receiving ginger supplements 
reduced significantly more than the control group, while 
liver fibrosis showed no significant difference between the 
two groups. Hepatic steatosis is characterized by overload 
of triglycerides in hepatocytes that can injure the liver (23). 
Animal studies have shown that the active compounds in 
ginger can enhance the antioxidant defense systems, such 
as glutathione peroxidase and glutathione S-transferase, 
and reduce levels of malondialdehyde (MDA) and hepatic 
steatosis (24, 25). It seems that one of the main reasons for 
this protective feature is the effect of ginger on the expres-
sion of proliferating cell nuclear antigen (PCNA). PCNA is 
a nuclear protein that is involved in regulating cell pro-
liferation. In liver disorders such as NAFLD and cirrhosis, 
the expression of PCNA is increased, which ultimately can 
result in excessive and uncontrolled proliferation of tissue 
to replace the damaged tissue and causes liver fibrosis pro-
gression. Previous studies have shown that ginger supple-
mentation can reduce the expression of PCNA and prevent 
the intensification of liver fibrosis (26). In this study, no 
significant decrease was observed in liver fibrosis score 
in the ginger group compared to the placebo group. This 
can be due to the short-term of the intervention, because 
it takes a long time for regeneration of hepatic tissue and 
reduction of fibrotic tissue.

The lack of using liver biopsy to derive a pathology 
score of disease was one of the limitations of this study. 
Researchers were not able to use this method in this 
study due to its invasive nature, however, we evaluated 
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the hepatic steatosis and fibrosis with transient elastog-
raphy, which provides quantitative, noninvasive results. 
Another limitation of this study was its short interven-
tion time.  The advantage of this study was that it is the 
first study evaluating the effects of ginger supplementa-
tion on NAFLD.

In conclusion, this randomized controlled clinical trial 
found some evidence that ginger supplementation could 
increase the effectiveness of lifestyle interventions (diet 
modification and physical activity) compared with life-
style interventions alone for treatment of NAFLD. Wheth-
er these effects will be sustained and/or augmented with 
longer treatment durations remains to be determined.
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