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Background: Non-alcoholic fatty liver disease (NAFLD) is one of the most common

chronic liver disorders. The main causes of NAFLD are associated with insulin resistance,

severe lipid metabolism disorders, oxidative stress and inflammation. Previous studies have

reported that ginger has positive metabolic results.

Aim: The aim of this study was to determine the effect of ginger powder supplement on lipid

profiles, insulin resistance, liver enzymes, inflammatory cytokines and antioxidant status in

patients with NAFLD.

Methods: In this randomized clinical trial, 46 people with NAFLD were parted into two

groups and subjected to the ginger or placebo capsules (3 capsules daily, each containing

500 mg of ginger or wheat flour) over 12 weeks. All patients received a diet with balanced

energy and physical activity during the intervention period. Liver ultrasonography, anthro-

pometric indices and biochemical parameters were measured before and after intervention.

Results: No significant difference was found between the two groups in the baseline

variables at the beginning of the study. At the end of the study, serum levels of alanine

aminotransferase (ALT), total cholesterol, low-density lipoprotein (LDL-C), fasting blood

glucose, and insulin resistance index (HOMA), C-reactive protein (hs-CRP), and fetuin-A in

the group receiving a ginger supplement significantly decreased compared to placebo.

However, there was no significant difference between the two groups in body weight, fasting

insulin, HDL-C, triglyceride, adiponectin, alpha-tumor necrosis factor (TNF-α), total anti-

oxidant capacity (TAC), gamma-glutamyl transferase (GGT), aspartate aminotransferase

(AST), fatty liver index (FLI), fatty liver grade and blood pressure.

Conclusion: The ginger supplement may be used as a complementary therapy along with

existing therapies to reduce insulin resistance, liver enzymes and inflammation in patients

with non-alcoholic fatty liver.

Keywords: ginger, liver enzymes, non-alcoholic fatty liver disease, lipid profiles, insulin

resistance

Background
Non-alcoholic fatty liver disease (NAFLD) was identified by Ludwig and colleagues in

people who did not have any alcohol history for the first time in 1980. The accumula-

tion of more than 5% triglyceride in the hepatic parenchyma without notable alcohol

consumption is considered to be NAFLD.1 NAFLD includes a wide range of liver

disorders from hepatocellular steatosis to more severe non-alcoholic steatohepatitis

(NASH), which may progress to hepatic fibrosis and cirrhosis.2 About 20–30% of
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adults in developed countries have an increased fat accumu-

lation in the liver.3 In Iran, the prevalence of this disease is

estimated to be 21.5%.4

The cause of NAFLD is not fully understood. The

accepted hypothesis to explain the pathogenicity of the

NAFLD is the two-hit hypothesis, which was first expressed

by James and Day. This hypothesis states that insulin resis-

tance, as the first hit, leads to stimulation of the synthesis of

liver fatty acids and accumulation of fat in the liver and

steatosis, and the liver is more susceptible to the second hit,

which is oxidative stress from different sources.5 There is

currently no definitive treatment for NAFLD, so there is an

urgent need to find new therapeutic approaches to replace or

help with existing fatty liver treatments. Previous studies

have indicated that diets containing antioxidants and anti-

inflammatory agents in some medicinal plants may be bene-

ficial in the treating of NAFLD.6–8 Ginger (Zingiber

Officinale Roscoe) is widely used worldwide as a spice. In

the past, this plant has been used to treat neurological dis-

eases, diabetes, rheumatism, gingivitis, toothache, asthma,

constipation, maldigestion and nausea and vomiting. Food

and Drug Administration has approved ginger as a food

supplement. Ginger has various pharmacological effects,

such as immune regulator, tumor formation inhibiting, anti-

inflammatory, anti-apoptotic and antiemetic effects. Most of

these medicinal effects of ginger are attributed to the pre-

sence of various compounds such as gingerol and shogaols.

More than 40 antioxidant compounds have been identified in

ginger.9

Because insulin resistance, severe disorders of lipid

metabolism, oxidative stress and inflammation play a role

in the pathogenesis of NAFLD; therefore, each potential

therapeutic agent should target one or some of these

pathological events. Due to the fundamental role of insulin

resistance and as a result of hyperinsulinemia in fat accu-

mulation in the liver, an increase in insulin sensitivity is

considered as a treatment approach against NAFLD.

A previous study reported that the insulin sensitivity to

adipocytes could be improved using ginger.10 On the other

hand ginger with effect on the liver reduces biosynthesis of

cholesterol and possibly increases the transformation of

cholesterol to bile acids.11

As the conversion of simple steatosis to more advanced

forms of NAFLD is also affected by oxidative stress and

inflammation.12 Therefore, reducing inflammatory and oxida-

tive stress factors in NAFLD patients may play an important

role in slowing the rate of NAFLD progression and reducing

the risk of cardiovascular disorders due to this disease. Studies

have indicated that ginger can inhibit arachidonic acid meta-

bolism with the suppression of cyclooxygenase and lipooxy-

genase enzymes, thereby acting as an anti-inflammatory

agent.13 Ginger has potential antioxidant activities due to its

polyphenolic compounds as gingerol and curcumin. Including

these antioxidant activities of radical trapping and inhibition

lipid peroxidation. Ginger also prevents liver toxicity by

increasing its antioxidant activity.14 A number of studies

have reported that adiponectin and TNF-α play a key role in

the hepatic steatosis progression to NASH. Adiponectin pro-

tects against NAFLD by increasing insulin sensitivity and

decreasing fat hepatic accumulation, while TNF- α stimulates

hepatic steatosis. Thus, reduction the expression of TNF-α can
be an important mechanism to improve liver damage.

Previous studies have shown that ginger bioactive compounds

can downregulate TNF-α. Also, ginger significantly inhibited
the reduction of adiponectin expression by TNF-α.15

Fetuin–A (a2-Heremans–Schmid glycoprotein), is

a serum protein that is mainly synthesized in the liver.

A number of studies have shown that serum level of fetuin-

A is considerably enhanced in people with NAFLD. Thus,

the reduction of serum levels of fetuin-A can be associated

with improvement in NAFLD.16

The use of ginger in the treatment of cardiovascular

diseases has long been posed. The diuretics and lowering

blood pressure effect of ginger have been shown in

a number of studies.17 Ghayur et al showed that the intake

of the raw extract of ginger reduces the arterial blood

pressure by blocking the voltage-dependent calcium chan-

nels in rats.18

The present study was designed to investigate the

effects of ginger on the lipid and sugar profiles, inflamma-

tory conditions, oxidative stress and reduction of the car-

diovascular complications of NAFLD.

Methods
Materials
Ginger powder supplement used in this study is a ready-

made product. The contents of each ginger capsule were

500 mg of ginger rhizome powder. Placebo containing

wheat flour was prepared in the same form and color as

a ginger supplement in Pharmacy Faculty Lab of Ahvaz

Jundishapur University of Medical Sciences.

Study Population
100 women and men aged 20–70 years old, whose fatty liver

was diagnosed by elevated levels of alanine aminotransferase
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enzyme and ultrasonography, were enrolled in the study from

among the patients referring to the gastroenterology clinic of

Imam Khomeini Hospital in Ahvaz.

Inclusion Criteria
Having a willingness to participate, aged 20 to 70 years,

diagnosis of NAFLD based on high levels of liver

enzymes (more than 30 U/L in men and more than19 U/

L in women), ultrasound and 24.9˂BMI˂35.19

Exclusion Criteria
1) Patients who are reluctant to continue the study; 2) patients

who used alcohol more than 20 g per day; 3) patients taking

drugs with a liver toxicity such as calcium channel blockers,

methotrexate, nonsteroidal anti-inflammatory drugs, NSAIDs,

estrogens, progesterones, immunosuppressed, diuretics and

corticosteroids; 4) patients with liver disorder other than

NAFLD (like hereditary hemochromatosis, Wilson’s disease,

cirrhosis, hepatitis C, hepatitis B and autoimmune hepatitis),

diabetes and other metabolic diseases; 5) history of diseases

such as Cushing’s syndrome, hypothyroidism, heart failure,

renal failure and renal stones, weight loss medications; 6)

patients receiving any supplements in the last 6 months, 7)

Patients who have had a history of gastric bypass surgery, or

severe weight loss during the last 6 months; 8) patients receiv-

ing hormone therapy, and 9) patient who do not use more than

10% of the capsules given in each follow-up.

Ethical Approval
The clinical trial was conducted in accordance with the

Declaration of Helsinki. The Medical Ethics Committee of

Ahvaz Jundishapur University of Medical Sciences has

approved the implementation of this research. Moreover, it

has been recorded in the Iranian registry of clinical trial (No.

IRCT2016042827652N1) and available through www.irct.ir.

All participants signed a written informed consent form.

Study Design
This study is a double-blind randomized clinical trial. Of

the 100 patients enrolled in this project, 50 were selected

based on inclusion criteria. Then, the patients were ran-

domly assigned (1:1 ratio) (block randomized method) to

two groups receiving ginger supplements and placebo.

Before the beginning of the study, the cans containing

the capsules were coded by a person other than the

researcher, in the form of B and A, to ensure that the

researchers did not know the type of capsules received

by each group (given the double-blindness of the study).

Intervention
Patients in the intervention group (n = 25) daily received 3

capsules of 500 mg ginger, and patients in the placebo

group (n = 25) daily took 3 capsules of 500 mg of placebo

that were apparently similar to the ginger supplement.

They were advised to take one capsule an hour after

breakfast and one hour after lunch and another capsule

for an hour after dinner for 12 weeks. It should be noted

that the dosage of ginger used and the duration of the

intervention have been determined according to previous

studies.20 To calculate the compliance rate of patients for

the supplementation, all patients received supplementation

for 4 weeks and they were asked to deliver the cans of

capsules at each visit, and then they were given supple-

ments for the next four weeks. Patients were also followed

up on a weekly basis by telephone in order to be aware of

possible side effects and to ensure the use of supplements.

Patients in both groups were advised to receive a diet

with energy balanced, according to guidelines published by

the North American Association and all patients were asked

to exercise at least three times a week for 30 mins a day.21

Clinical and Paraclinical Assessments
Anthropometric measurement of height, weight, waist cir-

cumference and hip circumference of the patients was

performed at the beginning and end of the intervention

according to the WHO definition. Body mass index (BMI)

was calculated by division of weight by squared height,

and also waist to hip ratio (WHR) was calculated by

dividing waist to hip circumference.22 Blood (10cc) was

taken from all participants at the beginning of the study

and at the end of the 12th week after 10–12 hrs of fasting.

Samples taken were centrifuged and their serum was sepa-

rated. For further tests, the serum was kept at −80° C.
Serum triglyceride level was measured by enzymatic

calorimetric and total cholesterol, high- density lipoprotein

and low-density lipoprotein of plasma were measured by the

photometric enzymatic method. The serum levels of liver

enzymes, including GGT, ALT, and AST were measured by

colorimetry (Parsazmun Co., Tehran, Iran). Fasting blood

sugar was measured using the glucose oxidase method (Pars

Azmoon Co, Tehran, Iran). Enzyme-linked immunosorbent

assay (ELISA) was used to measure fasting serum insulin

level (Insulin-R monobind, Lake Forest, USA), high-

sensitivity c-reactive protein (hs-CRP) (LDN Labor

Diagnostics Nord GmbH & Co. KG, Nordhorn, Germany),

Total antioxidant capacity of the serum (ZellBio GmbH,
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Germany), Adiponectin (Orgenium Co, Vantaa, Finland),

TNF-α (IBL Co., Ltd. Hamburg, Germany) and fetuin-A

(Hangzhou Eastbiopharm Co., Ltd., Hangzhou, China) were

measured by available enzyme-linked immunosorbent assay

(ELISA) and based on the kit’s instructions. HOMA-IR was

evaluated via the formula mentioned below.

HOMA� IR ¼ fastinginsulin lU=mLð Þ
� fastingglucose mg=dLð Þ
=405

(1)

The fatty liver index was also calculated using FLI

calculator software that computed FLI based on BMI,

waist circumference, serum TG and GGT.

In order to control the effect of confounding the intake of

diet and physical activity of the individual, a 3-day diet record

(one day off and two days non-off) was taken from patients at

the before and after intervention. Energy, macronutrients, and

some of the dietary micronutrients received by people were

measured using the Software modified Nutritionist IV soft-

ware (version 3.5.2, First Data-Bank; Hearst Corp., San

Bruno, CA). The physical activity level of patients was eval-

uated via the IPAQ (short form of the international physical

activity questionnaire) at the beginning and end of the study.

A scoring system was employed to determine a semi-

quantitative assessment of the severity of fat accumulation

in the liver. The grade of liver fat infiltration was scored

from I to III According to the liver radiance, liver echo

tissue, liver-kidney contrast ratio, and bladder veins.

Dietary Intake Assessments
In order to control the effect of confounding the intake of

diet and physical activity of the individual, a 3-day diet

record (one day off and two days non-off) was taken from

patients at the before and after intervention. Energy,

macronutrients, and some of the dietary micronutrients

received by people were measured using the Software

modified Nutritionist IV software (version 3.5.2, First

Data-Bank; Hearst Corp., San Bruno, CA). The physical

activity level of each patient was evaluated using the short

form of the international physical activity questionnaire

(IPAQ) at the beginning and end of the study.

Statistical Analysis
The Shapiro–Wilk test was used to determine the data sub-

ordination of normal distribution. Intragroup comparison of

quantitative variables with non-normal distribution, quantita-

tive variables with normal distribution and categorical

variables was analyzed by Wilcoxon paired rank test, paired-

sample t-test, and Mc Nemar test, respectively. In order to

intergroup comparison of the quantitative variables with non-

normal distribution, quantitative variables with normal distri-

bution and categorical variables, we used Mann–Whitney

U-test, independent samples t-test, Mann–Whitney U-test,

and chi-square test, respectively. Statistical analyzes were

done using the SPSS version 16. P-value less than 0.05 was

considered significant statistically.

Result
Patient Inclusion, Compliance and Safety
Out of 100 patients, 50 people who had inclusion criteria

were entered into the study. According to the flow chart in

Figure 1, 23 patients in the control group and 23 patients

in the intervention group completed the stud. Compliance

with supplements was 94% for the control group and 96%

for the intervention group. None of the patients showed an

allergic reaction or side effect of supplementation.

Baseline Characteristics
Baseline characteristics of the study participants are shown

in Table 1. There was no statistically significant difference

between the two groups in terms of the age, smoking,

gender, height, and BMI at the beginning of the study

(p> 0.05 for all variables).

Anthropometric Variables and NAFLD

Severity
Changes in all variables between the two intervention and

control groups and in each group are shown in Table 2.

Weight, hip circumference, waist circumference and BMI

were significantly decreased in both groups (p< 0.001), but

this difference was not significant between the two groups.

There was no significant difference between the waist circum-

ference (WHR) in the intragroup and inter-group comparisons.

There was no significant difference between the two groups in

the grade of fatty liver at the end of the intervention period.

Physical Activity and Nutritional Variables
There was no significant difference in the improvement of

physical activity between the two groups (p = 0.959).

Although the physical activity increased significantly in

both groups, the estimated energy intake in both groups

significantly decreased, but in comparison to the changes,

there was no significant difference between the two groups

Rafie et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Clinical and Experimental Gastroenterology 2020:1338

http://www.dovepress.com
http://www.dovepress.com


in the estimated energy received and the percentage of

carbohydrate, protein, and fat in the diet.

Biochemical Parameters
The variations of all biochemical variables in both groups

at the beginning and end of the study are briefly illustrated

in Tables 3 and 4.

Liver Enzymes

Serum GGTand GGTALT levels decreased meaningfully in

both groups after intervention (p <0.05). However, no sig-

nificant differences were found in serum levels GGT in

between group comparisons (p = 0.06). There was no sig-

nificant change in serum AST level in any group (Table 3).

Insulin Resistance Indices

After the intervention, FBS and HOMA-IR and FBS were

significantly lower in the group receiving ginger than the

placebo group (p = 0.047 and 0.029, respectively). The level

of fasting insulin in the ginger group significantly decreased

compared to the beginning of the study (p = 0.017). However,

there was no statistically significant change in the comparison

between the groups (p = 0.559) (Table 3).

Serum Level of Lipid

After intervention, total serum total cholesterol and LDL-

C levels in the ginger group decreased meaningfully

Excluded: (n=2)
• Discontinue intervention  

• Receive supplementary  

Recruited (n=100)
Providing consent form, tailoring questionnaires, subject information sheet, 3 day food dairy and instructions to complete it  

Baseline visit
Delivery of the dietary intervention assessing the food 

diary, anthropometric indices and blood collection 

Allocation (n=50)

Excluded: (n=50)

• No meeting criteria 
• Declined to participate 

Placebo group (n=25)
Ginger group (n=25) 

Baseline visit
Delivery of the dietary intervention assessing the food 

diary, anthropometric indices and blood collection 

Excluded: (n=2)
• Discontinue intervention  

• Receive supplementary  

12 weeks visit
Receive 1500 mg ginger powder or placebo per day, end of intervention due to completion of supplementation duration 

according to other study and financial limitation. Assessment the food diary, anthropometric indices and blood collection 

Analysis
Analysis diary intake, laboratory analysis by ELISA including serum levels of hs-CRP, IL6, TAC,

Also laboratory analysis including lipid profile, glycemic status, blood pressure and anthropometric indices  

Figure 1 Flow chart of the study.

Table 1 Baseline Characteristics in Two Groups

Variables Ginger

(n =23)

Placebo

(n =23)

PV

Gender (male/female), %a 43.5/56.5 43.5/56.5 1

Smoker, No.a 2 2 1

Age, yb 50.04 ± 10.26 47.95 ± 9.24 0.47

Height, cmb 167.19±11.6 170.5±9.55 0.298

BMI (kg/m2)b 31.70±3.75 30.94±1.98 0.349

Notes: aData are tested by chi-square test. bData are expressed as mean± standard

deviation and tested by independent samples t-test.
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Table 2 Intra- and Inter-Group Comparisons of the Changes from Baseline to the End of the Intervention for Fatty Liver Status,

Anthropometric and Nutritional Variables in Both Groups

Variables Ginger (n =23) PV c Placebo (n =23) PVd PVe

Baseline End PV c Baseline End

Weight (kg)b 88.61 ± 11.50 86.34 ± 10.85 <0.001 89.74 ± 6.45 87.61 ± 6.05 < 0.001 0.773

BMI (kg/m2)b 31.78 ± 3.71 30.96 ± 3.41 <0.001 30.94 ± 1.98 30.22± 2.06 < 0.001 0.544

WC (cm)b 105.15 ± 7.26 103.84 ± 7.25 <0.001 104.71± 8.21 103.86 ± 7.94 0.007 0.271

HC(cm)b 106.41 ± 5.36 105.58 ± 5.36 0.009 105.82 ± 5.66 104.94 ± 5.45 0.005 0.897

WHRb 0.98 ± 0.04 0.98 ± 0.05 0.168 0.98 ± 0.06 0.99 ± 0.06 0.953 0.529

PAb (METmin/wee) 194.89±107.96 247.04± 98.79 0.008 174.32± 99.97 223.82± 81.87 0.020 0.959

Energy (kcal)b 2033.26 ± 195 1945.65±243.92 <0.001 2123.73 ± 194.5 2003.56±178.08 < 0.001 0.235

Fat(gr)b 29.35 ± 1.71 28.41±1.75 0.57 28.53 ± 1.76 28.10±2.07 0.26 0.402

Pro(gr)b 12.83 ± 0.97 12.43±0.99 0.40 13.0 ± 0.99 12.83±0.84 0.43 0.423

Cho(gr)b 57.85 ± 2.28 59.10±1.82 0.20 58.46 ± 2.06 59.06±1.88 0.15 0.316

Grade of NAFLD, %a 0.328 0.328 1

I, (No.) 52.17(12) 56.52 (13) 52.17(12) 56.52(13)

II, (No.) 34.78(8) 30.43(7) 34.78(8) 30.43(7)

III, (No.) 13.04(3) 13.04(3) 13.04(3) 13.04(3)

Notes: aData are tested by McNemar test (within the groups) and chi-square test (between the groups). bData are expressed as mean ±standard deviation and tested by

Paired t-test (within the groups) and independent samples t-test (between the groups) cChanges post-baseline in ginger group. dChanges post-baseline in placebo group.
eChanges between groups.

Abbreviations: PA, Physical Activity; WC, Waist Circumference; WHR, Waist to Hip Ratio.

Table 3 Intra- and Inter-Group Comparisons of the Changes from Baseline to the End of the Intervention for Biochemical Parameters

Variables Ginger (n =23) PVc Placebo (n =23) PVd PVe

Baseline End Baseline End

Markers of insulin resistance

FBS(mg/dL)a 107.52 ± 10.64 99.34 ± 12.57 0.007 106.13 ± 8.48 105.21 ± 8.68 0.603 0.029

Insulin (µU/mL)a 13.38 ± 2.75 12.42 ± 2.53 0.017 13.72± 1.51 13.09± 1.66 0.159 0.559

HOMA-IRa 3.72± 0.76 3.07 ± 0.80 0.001 3.74 ± 0.82 3.58 ± 0.79 0.314 0.047

Serum lipid parameters

TG (mg/dL)a 200.60 ± 48.56 196.43 ± 46.24 0.503 203.86 ± 20.63 201.34 ± 29.13 0.537 0.823

Chol (mg/dL)a 220.82±45.95 196.13±36.23 0.006 217.82±33.07 214.65±34.9 0.190 0.026

LDL-C (mg/dL)a 136.59 ± 45.70 113.56± 37.90 0.010 134.91 ± 32.34 130.52 ± 33.32 0.074 0.032

HDL-C (mg/dL)a 43.69 ± 7.43 44.73 ± 6.54 0.341 42.56 ± 8.39 43.52± 9.31 0.245 0.948

LDL-C/HDL-Cb 2.95(1.41,6.44) 2.41(1.29,8.17) 0.033 3.43(1.93,5.68) 3.05(1.68,7.63) 0.089 0.267

Liver enzymes markers

AST(IU/L)a 32.69 ± 5.23 31.08 ± 7.85 0.312 32.13 ± 8.43 31.65 ± 7.86 0.712 0.561

ALT(IU/L)a 42.04 ± 8.92 32.21 ± 7.12 <0.001 38.26 ± 6.21 34.95 ± 5.21 0.023 0.018

GGT (U/L) 41.21± 7.76 32.17± 7.76 <0.001 40.69± 7.07 36.78 ± 7.84 0.035 0.060

Blood pressure

SBPa (mmHg) 128.21± 8.79 125.21± 11.72 0.204 131.52± 9.55 127.60 ± 9.27 0.117 0.804

DBPa (mmHg) 79.17 ± 8.40 76.65 ± 9.83 0.063 81.04 ± 10.49 79.91 ± 9.8 0.458 0.845

Notes: aData are expressed as mean±standard deviation and tested by Paired t-test (within the groups) and independent samples t-test (between the groups). bData are

expressed as median (minimum, maximum) and tested by Wilcoxon paired rank test (within the groups) and Mann–Whitney U-test (between the groups). cChanges post-

baseline in ginger group. dChanges post-baseline in placebo group. eChanges between groups.

Abbreviations: ALT, Alanine Aminotransferase; AST, Aspartate Aminotransferase; GGT, Gamma-Glutamyltransferase; DBP, Diastolic blood pressure; FBS, Fasting Blood

Sugar; HDL-C, High-Density Lipoprotein Cholesterol; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; LDL-C, Low-Density Lipoprotein Cholesterol; SBP,

Systolic blood pressure, TC, Total Cholesterol; TG, Triglyceride.
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compared to placebo (p = 0.026 and p = 0.032, respec-

tively), while HDL-C and TG had no significant changes

in any of the groups. No significant difference was

observed in terms of improvement of the ratio of LDL to

HDL between the two groups (P = 0.267). But, this ratio

was meaningfully decreased in the ginger group compared

to the beginning of the study (P = 0.033) (Table 3).

Antioxidant and Inflammatory Markers

Concentration of hs-CRP and fetuin-A in the ginger group

decreased significantly compared to the placebo group

(P = 0.006 and P = 0.008, respectively). Conversely,

changes in TNF-α, TAC and adiponectin level were not

significant in any of the groups (Table 4).

Fatty Liver Index (FLI)
The FLI reduced meaningfully in both groups, although

there was no difference between the two groups signifi-

cantly (Table 4).

Discussion
Human and animal studies have reported several pharma-

cological effects including weight lowering, anti-

inflammatory, antioxidant, lipid lowering and improving

insulin sensitivity and glucose tolerance for ginger.23 The

gingerol and shogaol are considered as bioactive com-

pounds in fresh and dried ginger, respectively, and are

responsible for a large number of pharmacological proper-

ties of ginger.9 Overall, the results of this study showed

that daily consuming 1500 mg of ginger for 12 weeks

meaningfully reduced serum levels of total cholesterol,

LDL-C, FBS, ALT, fetuin-A, hs-CRP and HOMA-IR.

Recently, Ginger’s beneficial effects on weight control

have been attracted attention. The precise mechanisms of

the ginger effects on weight loss are not fully understood.

However, several possible mechanisms, including suppres-

sion of the pancreatic lipase enzyme and decreasing intest-

inal absorption of dietary fat, increasing lipolysis of white

adipose tissue by increasing the enzyme activation of

hormone-sensitive lipase, suppression of lipogenesis and

lipid accumulation by decreasing the induction of the fatty

acid synthase and acetyl CoA carboxylase, increasing

thermogenesis and controlling appetite have been pro-

posed in studies.23

In this study, although weight loss in both groups was

significant compared to the beginning of the study, supple-

mentation of ginger compared with placebo was not asso-

ciated with more weight loss (Table 2). Reduction of

receiving energy and improvement of physical activity

observed in end evaluations of the study compared to the

baseline may explain the weight loss caused in both

groups. There are few human studies examining the effect

of ginger on anthropometric indices and the results of

these studies are inconsistent. Atashak et al had studied

the effects of ginger supplementation (1 g/day) for 10

weeks on obese men (n=8). The results of their study

showed no significant differences in body composition

and anthropometric indices between the ginger and pla-

cebo groups,24 which was consistent with our study

results. Contrary to our study, in Ebrahimzadeh et al’s

study, ginger supplementation (2 g/day) for 12 weeks,

reduced the BMI and anthropometric indices compared

with placebo in 80 obese women.25 Most animal studies

support the weight-reducing effects of ginger in the obese

animal models, while based on the results of the available

human studies available, or no changes in anthropometric

properties have been made or variations are very slight. Of

Table 4 Intra- and Inter-Group Comparisons of the Changes from Baseline to the End of the Intervention for Biochemical Parameters

Variables Ginger (n =23) PVc Placebo (n =23) PVd PVe

Baseline End Baseline End

Antioxidant and Inflammatory Markers

TAC (mMol)a 1.23± 0.20 1.31 ± 0.23 0.081 1.25 ± 0.26 1.27 ± 0.19 0.694 0.466

hs-CRP(mg/L)b 2.40(1.14,3.58) 1.82(0.88,3.18) 0.001 2.26 (1.16,3.98) 2.12(0.98,3.78) 0.128 0.006

TNF-α(pg/mL)a 11.71 ± 1.02 11.40 ± 1.70 0.309 11.63 ± 1.77 11.57 ± 1.23 0.880 0.496

adponectinb 1.20(0.8,1.7) 1.3(0.9,1.6) 0.150 1.20(0.8,1.7 1.30(1,1.7) 0.161 0.959

Fetuin-Aa 262.39±30.21 228.21±39.26 0.001 256.47±38.14 256.82±36.79 0.967 0.008

FLIb 89.43(52.5,97.3) 85.21(39.2,96) < 0.001 86.35(68.8,94.4) 82.56(66.5,93.5) < 0.001 0.116

Notes: aData are presented as mean±standard deviation. bData are presented as median. cChanges post-baseline in ginger group. dChanges post-baseline in placebo group.
eChanges between groups.

Abbreviations: FLI, Fatty Liver Index; hsCRP, High-Sensitivity C-Reactive Protein; TAC, Total Antioxidant Capacity; TNF-α, Tumor Necrosis Factor-Alpha.
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course, it should be taken into account that in most animal

studies, ginger extract or its active ingredients have been

used instead of ginger powder, which can justify the dif-

ference observed in the results of animal and human

studies.23

Due to the fundamental role of insulin resistance and as

a result of hyperinsulinemia in fat accumulation in the

liver, an increase in insulin sensitivity is considered as

a treatment approach against NAFLD.10

The results of the present study indicated that the ginger

intake compared to the placebo resulted in a significant

decrease in FBS and HOMA-IR, which is consistent with

the result of previous studies. Similar to our article, Rahimlou

et al indicated that consumption of 2000 mg of ginger over12

weeks, meaningfully reduced insulin and fasting blood

sugar.26 Similarly, as Mozaffari et al reported supplementa-

tion of ginger powder (3g/day) in patients with type 2 dia-

betes for 8 weeks caused a meaningful decrease in fasting

blood sugar and hemoglobin A1C and a meaningful increase

in the insulin sensitivity index compared to the beginning of

the study.27 Findings from similar animal studies also con-

firm these results.28,29

The effect of ginger on insulin sensitivity is probably

due to the effect of its bioactive compounds on PPARγ or

adiponectin upregulation. PPARα and PPARγ can affect

the accumulation of liver triglycerides and thus pathogen-

esis of NAFLD. It has been reported that PPARγ can

improve insulin sensitivity and decrease the flow of free

fatty acids to the liver. 6-Shogaol has been reported in

ginger as a significant agonist of PPARγ in adipose

tissue.30 Another mechanism of ginger effect is the inhibi-

tion of liver phosphorylase to prevent degradation of gly-

cogen stored in liver cells. By inhibiting glucose

6-phosphatase activity, ginger also reduces the degradation

of glucose 6-phosphate into glucose and, consequently,

reducing blood glucose. Ginger seems to reduce the

absorption of glucose in the body through inhibition of

enzymes of glucose metabolism pathway, such as α-
glucosidase and amylase in the intestine.31 There are

many antioxidant compounds, including gingerols, sho-

gaol, paradols and zingerone in ginger. These antioxidant

compounds probably increase the expression of GLUT4

proteins, insulin receptors, and improve the function of β-
pancreatic cells, thereby improving glucose tolerance.32

Another finding of our study was the antilipidemic

effects of ginger. The results of the present study indicated

that daily consumption of ginger compared to placebo

significantly reduced LDL-C and total cholesterol levels.

But Serum levels of HDL-C and TG did not change mean-

ingfully. The results of previous clinical trials investigating

the effect of ginger on serum lipid levels are contradictory.

In the study of Rahimlou et al, it was shown that an

intervention with 2000 mg of ginger for 12 weeks reduced

serum triglyceride, but HDL-C, LDL-C and total choles-

terol levels between two groups did not have a significant

difference.26 Alizadeh et al reported that intervention with

3g/ginger for 45 days in hyperlipidemic patients signifi-

cantly decreased serum triglyceride and serum cholesterol

compared to the placebo.33 Mozaffari et al observed that

daily intake of three grams of ginger for eight weeks in

diabetic patient leads to a reduction in serum LDL-C level,

but does not affect the levels of total cholesterol, TG and

HDL-C.24 The finding of the present study on the effect of

ginger on serum cholesterol concentration is consistent

with the results of many animal studies.28,34

The reduction of cholesterol by ginger can be

explained as follows: Ginger can induce cholesterol con-

version to bile acids by increasing activity the cholesterol-

7 -α-hydroxylase enzyme and ultimately lead to, decline

serum cholesterol level.33 Also, it has been reported that

ginger compounds suppress the synthesis of cholesterol in

the mice liver cells.35 The findings of this study regarding

the lack of effect of Ginger Supplement on serum HDL-C

levels are consistent with the results of the studies con-

ducted by Mozaffari,27 Alizadeh,33 and Bordia.34 The rea-

son for not changing HDL-C levels in this study and other

studies are probably that HDL-C changes are less affected

by dietary components.

The conversion of simple steatosis to more advanced

forms of NAFLD is also affected by oxidative stress and

inflammation.12 A number of previous studies have shown

that the serum levels of oxidative stress markers and inflam-

matory cytokines in NAFLD patients are significantly

higher.36,37 Therefore, reducing inflammatory and oxidative

stress factors in NAFLD patients may play an important role

in slowing the rate of NAFLD progression and reducing the

risk of cardiovascular disorders due to this disease.

The results of this study showed that supplementation

with ginger (1500mg/day) for 12 weeks decreased the

serum levels of hs-CRP and fetuin-A significantly, but

TNF-α, TAC and adiponectin levels were not meaningfully

changed. The hs-CRP is mostly produced in the liver and

its serum level is linked to the rate of liver inflammation.

In a study by Arablou et al daily consumption of 1600 mg

of ginger over 12 weeks significantly decreased serum

level hs-CRP in diabetic patients.38 Furthermore, in the
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study conducted by Atashak et al supplementation with

ginger powder (1g/day) for 10 weeks reduced the mean hs-

CRP concentration in obese men, which is similar to our

study results.39

It looks like that the effect of ginger on reducing

inflammation is due to the effect of some active ingredi-

ents (gingerol and zerombon) in the inhibition of NFκB
and TNF-α. Ginger decreases the activity of NFκB by

inhibition of TNFα gene and thus production of acute

phase positive protein such as CRP is inhibited.40

Fetuin-A is a protein abundant in the serum, mainly pro-

duced in the liver. Recently, studies have reported that fetuin-

A may influence the development of metabolic syndrome

through two mechanisms. It has been shown that fetuin-A

inhibits the autophosphorylation of insulin receptors.

Improving insulin sensitivity in mice with low serum levels

of fetuin-A suggests that fetuin-A may play a role in increas-

ing insulin resistance.41 Fetuin-A inhibits the expression of

adiponectin and increases the expression of inflammatory

cytokines, as well as a strong association was demonstrated

in liver biopsies between fetuin-A gene expression and major

enzymes involved in glucose and lipid metabolism.42

In the study of Reinehr and Roth was observed that serum

levels of fetuin-A were significantly increased in obese chil-

dren with non-alcoholic fatty liver disease.43 A study by

Yilmaz et al showed that the serum level of the fetuin-A

enhanced in adult patients with NAFLD diagnosed with liver

biopsy.44 This study examined the effect of ginger on the serum

level of fetuin-A in patients with NAFLD for the first time.

Finally, the findings of our study showed that the intake of

ginger compared with placebo resulted in a significant reduc-

tion in serum concentration of ALT, although there was no

significant change in AST and steatosis level in any of the

groups. Both groups showed significant improvement in

serum ALT and GGT levels due to receiving nutritional

recommendations and increasing physical activity, but only

ALT changes in the intervention group were meaningfully

more than the placebo group. These findings were consistent

with previous research findings. Rahimlou et al reported sup-

plementation with 2000 mg of ginger for 12 weeks signifi-

cantly decreased serum levels of ALT and GGT compared to

the placebo.25 In a study conducted by Motawi et al at the

National Research Center in Cairo in 2011, the ginger effect

on liver fibrosis was surveyed inWistar rats. The results of this

study showed that treatment with ginger extract with

a significant decrease in aspartate aminotransferase and ala-

nine aminotransferase has a protective effect against hepatic

fibrosis.45

The Fatty Liver (FLI) index helps to diagnose fatty liver

based on BMI, triglyceride, GGT, and waist circumference

for referral for ultrasonography. In the research, FLI is used

to identify people at high risk of liver damage to participate in

the interventional and observational studies. The FLI ranges

from 1 to 100. FIL <30 means that the presence of fatty liver

is unlikely, FLI≥60 means that there is a fatty liver, and FLI

<60 <30means that a conclusion is impossible.2 In our study,

FLI was significantly reduced in both ginger and placebo

groups, but the changes between the two groups were not

significant.

In this study, ultrasonography method was used to

detect the degree of steatosis. This method cannot deter-

mine changes as precisely as exact techniques such as

fibroscan. Also, the small sample size is another weakness

of the present study.

Conclusions
In total, the results of the present study showed that daily

receiving 1500 mg of ginger for 12 weeks could increase the

efficacy of lifestyle modification (increased physical activity

and Nutritional recommendations) in improving patients

with NAFLD. As regards that receiving ginger supplement

in this study did not have any side effects, it can be under-

stood that supplementation with ginger in NAFLD patients

can increase the success rate of treatment.

However, due to a few clinical trials in this field, more

human research with different amount of ginger supple-

ment and longer duration of the intervention is recom-

mended. It is also suggested that since, according to the

view of traditional medicine, ginger is hot and dry, it is

recommended that studies be conducted to evaluate the

effect of ginger in patients with NAFLD, taking into

account their temperament.
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