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Effects of ginger supplementation on anthropometric,
glycemic and metabolic parameters in subjects with metabolic
syndrome: A randomized, double-blind, placebo-controlled study
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Abstract
Background Metabolic syndrome (MetS) is one of the worldwide most chronic endocrine disorders. The disease can also lead to
several other chronic disorders such as type 2 diabetes mellitus, cardiovascular diseases, renal diseases and cancers. This study
aimed to evaluate the safety and efficacy of ginger powder on biochemical and anthropometric parameters in patients with MetS.
Methods This randomized controlled clinical trial was conducted on 37 patients with MetS. We supplemented the individuals
with MetS with either 2 g per day ginger powder or placebo for 12 weeks. Biochemical and anthropometric parameters before
and after the intervention were compared between the two groups.
Results After 12 weeks of treatment, the levels of triglyceride (TG), FBS, and insulin resistance were significantly improved in
the patients receiving ginger in compare to the placebo group (P < 0·05).Moreover, significant changes were observed in terms of
weight, waist circumference, LDL, HDL, total cholesterol, systolic and diastolic blood pressure and energy intake between the
groups.
Conclusion In general, our findings demonstrated that the ginger supplementation offers beneficial effects on patients withMetS,
at least, in part due to the modulatory effects on TG, FBS, and insulin resistance.
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Introduction

Metabolic syndrome (MetS) is a cluster of endocrine distur-
bances and is known as a main risk factor for several chronic
disorders such as cardiovascular diseases, cancers and type 2
diabetes [1] which are among the major public health chal-
lenges. The salient features of MetS include insulin resistance,

dyslipidemia, obesity and hypertension. Although many fac-
tors contribute to the pathogenesis of MetS, obesity and insu-
lin resistance play a key role.MetS is a rapidly growing world-
wide pandemic with an average prevalence of 31% [2] .

Common therapies such as treatment with synthetic
drugs have shown to cause several undesirable side ef-
fects and limitations. In previous studies, researchers have
shown the important role of lifestyle modification in the
development of MetS; however, it is unknown whether a
low intensive lifestyle program plus an herbal supplement
might also be effective. Therefore, unraveling safe and
traditional therapies, especially herbal medicine, has re-
cently attracted more attention [3].

Herbs and spices have long been used for their both taste
and health benefits in different nutritional patterns. There is
unfortunately scarce scientific evidence for the effectiveness
of these herbs; however, several empirical evidence have re-
ported beneficial effects of using these herbs, and utilizing
these plants is continuing even after the emergence of modern
medicine [4].
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Ginger (Zingiber officinale) is a nontoxic spice [5] used
extensively in herbal medicine [6] and has recently attracted
the attention of researchers due to its potential in reducing
glucose and lipid levels, fat burning [6, 7] and prevention
and treatment of chronic disorders [3, 8, 9].

The effect of oral ginger on MetS in humans has not been
adequately studied. Therefore, in this study, we aimed to in-
vestigate the influence of ginger powder on the major compo-
nents of MetS.

Methods

Subjects

From October 2016 to July 2017, 38 patients with MetS (who
met MetS criteria according to the National Cholesterol
Education Program Adult Treatment Panel III report [10])
aging between 18 and 70 years participated in a double-
blinded, placebo-controlled parallel study. MetS was diag-
nosed as having three of the following five features: increased
waist circumference (≥102 cm in men and ≥ 88 cm in wom-
en); elevated TAG levels (≥150mg/dl (≥1.69mmol)); reduced
HDL-C levels (<40 mg/dl (<1.03 mmol/l) in men and <
50 mg/dl (<1.29 mmol/l) in women); elevated blood pressure
(≥130.85 mmHg or on treatment for hypertension); elevated
glucose levels (≥100 mg/dl (≥5.55 mmol/l)).

The eligibility criteria included age range from18 to 70 years,
body mass index of 18.5–30 kg/m2, confirmed diagnosis of
MetS and no use of any dietary supplement or no adherence
to special diets at least one month prior to baseline. The subjects
were excluded from the study if they had renal, liver, heart,
pituitary, thyroid or psychiatric disorders which could affect
the ability of the participants to provide written informed con-
sent; if they had cardiovascular diseases, cancers, and alimentary
tract disorders affecting absorption; if they were currently preg-
nant and lactating and recently received insulin, anti-
hypertensive drugs, multivitamin or nutrient supplements; and
if they received weight loss drugs or supplements, received any
changes in diet or daily exercise programs, had any allergic
reaction to ginger, or received lipid-lowering medications, anti-
biotics, or sex hormone treatment.

The study was approved by the ethics committee of the
Tehran University of Medical Sciences (the approval number:
27265). The objectives, procedures, risks and benefits of the
study were explained to the participants, and then a written
consent was received from each participant. This trial was
registered at the clinical trials. Gov as NCT02535195.

Study design

At the beginning of the study, 63 individuals were assessed for
the inclusion criteria and finally 38 subjects were included in

the study (the consort diagram, Fig. 1). The allocation was
carried out by a random permuted block procedure and the
subjects were allocated to the intervention (n = 19) and control
(n = 19) groups (the allocation ratio was 1:1). Both the inves-
tigators and patients were blinded to treatment allocation. The
test group received 2000 mg of ginger as four capsules daily,
each containing 500 mg of ginger root (other ingredients:
plant-derived capsule (modified cellulose), cellulose, silica)
for 12 weeks. Concentrations of ginger constituents in a
100 mg product included: (10.51 ± 0.41 6-gingerol, 1.55 ±
0.20 8-gingerol, 2.55 ± 0.09 10-gingerol, 19.32 ± 1.25 6-
shogaol, 2.53 ± 0.20 8-shogaol, 6.12 ± 0.15 10-shogaol, 6-
paradol: not detected, 0.56 ± 0.13 1-dehydrogingerdione).
The placebo group received four placebo capsules containing
starch. Ginger capsules and placebos were produced by the
Green Plants of Life Pharmaceutics Co., Iran. Supplements
and placebo were given randomly by a person other than the
researchers, so that both the subjects and investigators were
blind to randomization categories. During each visit, each
participant was given the ginger supplement or placebo for
three weeks and throughout these weeks, consumption of the
supplements or placebo by the subjects was ensured through
phone calls or text messages.

In case of forgetting to consume one or two supplements,
the subjects were recommended to consume the forgotten
supplements in the following day according to the previous
studies suggesting that up to a dose of 3 g/day was free of
complications [11].

To ensure the acceptable use of the supplements, the par-
ticipants were asked to return the unconsumed supplements.
The participants who did not consume more than 10% of their
capsules were excluded from the study.

Dietary intake, physical activity, anthropometric
assessment, and blood pressure

At baseline, a three-day food record, physical activity ques-
tionnaires and general questionnaires were completed. All the
participants were consulting for 20 min on the modification of
lifestyle and followed 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 Institute of Health (NIH) and the North
American Association for the study of obesity [12]. To in-
crease the accuracy, all the food records were reviewed by a
dietitian. Data from dietary intakes were analyzed by the N4
software, and national food composition tables were used to
analyze food intake as a reference.

A classified physical activity questionnaire based on
Metabolic Equivalent of Task (MET) [13] was used to mea-
sure physical activity. Height, weight, waist circumference
and blood pressure were measured according to the standard
protocols. Height and weight (Seca, Germany) were measured
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while the participants wore light clothing and no shoes with
0.1-kg accuracy for weight and 0.5-cm accuracy for height.
Waist circumference was measured to the nearest 0.1 cm using
a flexible tape at the mid-point between the lowest rib and iliac
crest. Body mass index (BMI) was calculated by dividing the
weight (kg) by height squared (m2).

The patients’ blood pressures were measured by a trained
nurse before and after sitting for a 15 min period using a
manual blood pressure cuff and the mean blood pressure in-
cluded in analysis [14].

Blood collection and analyses

At both baseline and the end of study, 10 ml of blood sample
was taken from each participant following 12 to 14 h fasting.
The samples were then stored in a freezer (−80 °C) for further
biochemical analysis.

Serum glucose, total cholesterol, triglyceride and HDL cho-
lesterol concentrations were measured by the enzymatic colori-
metric method (Pars Azmoon, Tehran, Iran). Moreover, LDL
cholesterol concentration was measured using the Friedewald

formula. Fasting insulin level was measured using the
enzyme-linked immune-sorbent assay (Monobind Inc). Insulin
resistance was quantified in the two groups by the HOMA-IR
index (HOMA-IR = [fasting insulin (mU/L) × 3 fasting blood
glucose (mg/dl)]/ 405 [15]. Moreover, insulin sensitivity was
assessed by the quantitative insulin sensitivity check index
(QUICKI) equation: QUICKI = 1/ (log insulin (mU/ml) + log
glucose (mg/dl)) [16].

Statistical analyses

According to Shidfar et al.’s study [5], the sample size with a
95% confidence interval and 80% power of study was calcu-
lated according to the following formula. The sample size was
17 subjects in each group. However, considering a 10% prob-
able withdrawing, 19 subjects were involved in each group.

n ¼
Z1−α

2
þ Z1−β

� �2
S12 þ S22
� �

d2

Assessed for eligibility

(n=63)

Enrollment

Randomization

(n=38)

Ginger group (n=19

Thirty-seven included in 
the analysis

Placebo group (n=19)

Did not meet inclusion 
criteria (n=16)

Unwillingness to 
par�cipate (n=9)

- Nineteen underwent baseline and 

end-of-the study measurements

- assessed dietary intake and MET

- measured anthropometric 

parameters, serum lipid levels and 

insulin resistance

- Nineteen underwent baseline and 

end-of-the study measurements

- assessed dietary intake and MET

- measured anthropometric 

parameters, serum lipid levels and 

insulin resistance

Unwillingness to 
con�nue (n=1)

Fig. 1 Flow chart depicting the
study design
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Z1−α2 ¼ 1:96 (α = 0.05), Z1 − β = 1.28 (β = 0.1)
S1 18 (standard deviation of decreased FBS level

in the case group)
S2 16 (standard deviation of decreased FBS level

in the control group)
d 19 (minimum difference between decreased

FBS levels in the two groups that was
considered important by the researcher)

To analyze the data, we used the SPSS 20.0 software. The
continuous and categorical data were reported as means/
standard deviations and frequency (%), respectively. In order
to analyze the demographic variables, we used × 2 or t test.
The normality was assessed by the Kolmogorov–Smirnov and
Shapiro–Wilk tests. For within group comparisons, before and
after the intervention, the student’s t test or Wilcoxon was
used. The means and 95% CI for changes in outcome vari-
ables from baseline to the end of study were compared using
ANCOVA models. To eliminate the effects of confounding
factors, all the ANCOVA models were adjusted for BMI,
WHR, MET and energy. Statistical significance was set at
p < 0.05.

Results

Participants’ characteristics

From the 38 subjects included in this study, one participant in
the placebo group did not complete the study (due to

unwillingness to continue) and finally, 19 subjects in the in-
tervention group and 18 subjects in the control group were
included in the final analysis (Fig. 1). The baseline clinical
and demographic characteristics of the participants are shown
in Table 1. At baseline, height from anthropometric character-
istics, and triglyceride and total cholesterol levels from clinical
parameters, significantly differed between the two groups
(p < 0.05). Other factors did not reveal significant differences
between the two groups.

Findings recorded in the two groups of participants
before and after treatment

At the end of the study, energy intake decreased and physical
activity was shown to be elevated in the both groups; however,
this difference was not statistically significant between two
groups (P = 0.214 for energy intake and P = 0.132 for MET).

Table 2 shows the effects of ginger supplementation on
MetS characteristics. Serum levels of FBS was improved in
the intervention and placebo groups, but its reduction was also
significantly greater in the ginger treated group compared to
the placebo group (P = 0.001). Furthermore, this difference
remained significant after adjusting the results for weight,
MET, and energy intake (P < 0.001).

To evaluate the insulin resistance and insulin sensitivity, we
used HOMA-IR and QUICKI formulas. Insulin resistance and
insulin sensitivity were demonstrated to improve significantly
in the intervention group compared to the placebo group be-
fore and after adjusting for confounding factors (P < 0.001).

Table 1 Baseline characteristics
in the ginger receiving and
placebo receiving groups

Characteristics Total (n = 37) Ginger group (n = 19) Control group (n = 18) p value¶

Age (years) 43.87 ± 8.42 44.16 ± 8.25 43.85 ± 9.28 0.821
Sex (male/female) 21/16 11/8 10/8 0.423
Metabolic characteristics
Height (cm) 164.21 ± 1.71 168.33 ± 2.06 160.14 ± 2.48 0.015a

Weight (kg) 85.15 ± 7.43 84.86 ± 8.12 85.39 ± 7.32 0.312
WC (cm) 104.12 ± 5.21 102.67 ± 6.16 105.04 ± 4.24 0.089
BMI (kg/m2) 30.52 ± 2.68 30.02 ± 3.13 31.06 ± 2.12 0.069
Blood pressure (mmHg)
Systolic 120.92 ± 4.12 121.11 ± 3.54 120.83 ± 5.15 0.634
Diastolic 80.71 ± 2.17 80.64 ± 4.42 81.03 ± 3.32 0.813
MET (h/d) 31.65 ± 3.17 31.49 ± 3.55 33.37 ± 2.99 0.412
Energy(kcal) 2232.54 ± 325.21 2185.21 ± 299.12 2345.65 ± 351.65 0.712
Serum biochemistry tests
TAG (mg/dl) 187.32 ± 19.32 218.04 ± 17.12 163.86 ± 18.29 0.02
HDL-C (mg/dl) 42.12 ± 1.54 41.36 ± 1.54 44.04 ± 1.12 0.098
LDL-C (mg/dL) 118.37 ± 6.32 122.41 ± 8.67 116.87 ± 7.90 0.512
Total cholesterol (mg/dL) 185.42 ± 4.92 208.63 ± 9.97 166.77 ± 11.32 0.006
FBS (mg/dL) 102.56 ± 4.92 104 ± 8.41 100.68 ± 6.15 0.314
Insulin (mU/L) 10.82 ± 4.48 10.99 ± 8.88 10.79 ± 3.34 0.642
HOMA-IR 2.76 ± 1.89 2.8 ± 2.16 2.69 ± 1.06 0.561
QUICKI 0.34 ± 0.04 0.35 ± 0.05 0.32 ± 0.03 0.423

FBS, fasting blood sugar; TC, total cholesterol; HOMA-IR, homeostasis model assessment – insulin resistance;
QUICKI, quantitative insulin sensitivity check index; MET, metabolic equivalent of task

¶ Independent sample T-Test, All values are mean ± Standard deviation. a significant difference between two
groups
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Compared to the baseline, body weight, WC and body mass
did not change significantly in the ginger group, as compared to
the control group (P = 0.132, 0.456 and 0.481 respectively).

The mean reduction of the serum TG concentration indi-
cated a significant difference showing 56.35 in the ginger
group compared to 8.63 in the placebo treated individuals
(P < 0.001). No significant difference was observed between
the two groups regarding HDL (P = 0.31), LDL (P = 0.503),
and total cholesterol (P = 0.39), following the adjustment for
the confounding variables. Changes in systolic and diastolic
blood pressure did not significantly alter between the groups
in the end of study (P = 0.165 and P = 0.078, respectively). It
should be mentioned that no severe side effects were reported
due to the ginger or placebo supplementation by the patients.

Discussion

In the present study, 12 weeks of supplementation with ginger
was shown to significantly reduce FBS, serum triglyceride
and insulin resistance, even after adjusting for confounding
factors. Serum total cholesterol was significantly reduced in
the treatment group; however, this effect was not significant
after adjusting for confounding variables. According to our
findings, there was no correlation between supplementation
with ginger and weight loss, WC, BP, HDL and LDL.

Insulin resistance is one of the key components of MetS
and type 2 diabetes. In people with MetS, lower glucose

consumption by peripheral tissues causes an increase in blood
insulin to adjust blood glucose levels.

In previous animal and human studies, researchers evalu-
ated the effects of ginger on blood glucose and insulin resis-
tance. Shanmugam et al. have shown that treatment of diabetic
rat with 200 mg/kg ginger extract caused a reduction in blood
glucose [17]. A similar positive effect was shown in some
human-based studies. Arablou et al. found in a clinical trial
that consumption of 1600 mg ginger powder for 12 weeks in
patients with diabetes remarkably reduces the serum glucose
and insulin resistance [18]. Consistently, Mahluji et al. have
shown ameliorating effects of ginger supplementation on hy-
perglycemia [19].

It appears that beneficial effects of ginger on insulin resis-
tance are due to its effect on increasing glucose uptake by
some adipocytes and muscle tissue cells. Moreover, it is as-
sumed that ginger decreases blood glucose by antagonistic
effects against serotonin receptors, inhibiting the activity of
intestinal glucosidase and amylase, but increases energy me-
tabolism in mitochondria [20, 21]. Several lines of studies
have also shown that ginger components such as gingerols,
shogaols and paradols can enhance the protein content of
GLUT-4 and accelerate B cell functions that improve the in-
sulin sensitivity [22].

In our study, supplementation with ginger reduced serum
TG. However, total levels of cholesterol, LDL and HDL did
not differ significantly between the two groups. Our data was
in agreement with Arabloo et al.’s study reporting that taking
1.6 g of ginger for 12 weeks resulted in a significant reduction

Table 2 Means and Standard Deviations of the Outcome Measures

Ginger group (n 19) Placebo group (n 19)

Variables Before After Before After P1 P2 Pt

Weight (kg) 84.86 ± 8.12 79.12 ± 5.63 85.39 ± 7.32 82.74 ± 8.14 0.032 0.048 0.089

WC (cm) 102.67 ± 6.16 100.25 ± 4.28 105.04 ± 4.24 104.65 ± 6.19 0.213 0.318 0.413

BMI 30.02 ± 3.13 29.63 ± 5.16 31.06 ± 2.12 30.59 ± 4.38 0.362 0.398 0.412

SBP (mmHg) 121.11 ± 3.54 117.68 ± 5.60 120.83 ± 5.15 118.52 ± 4.55 0.112 0.432 0.254

DBP(mmHg) 80.64 ± 4.42 78.12 ± 3.65 81.03 ± 3.32 80.12 ± 2.78 0.081 0.118 0.098

FBS (mmol/l) 104 ± 8.41 82.87 ± 6.02 100.68 ± 6.15 98.79 ± 5.18 0.001 0.417 0.001

TAG (mmol/l) 218.04 ± 17.12 163.40 ± 11.30 163.86 ± 18.29 156. 23 ± 26.28 0.003 0.189 <0.001

HDL (mmol/l) 41.36 ± 1.54 43.27 ± 1.38 44.04 ± 1.12 44.13 ± 2.65 0.265 0.561 0.64

TC (mmol/l) 208.63 ± 9.97 187.67 ± 8.52 166.77 ± 11.32 152.55 ± 35.88 0.037 0.088 0.044

LDL (mmol/l) 122.41 ± 8.67 109.5 ± 6.59 116.87 ± 7.90 103.55 ± 35.88 0.164 0.081 0.808

HOMA-IR 2.8 ± 2.16 1.58 ± 1.31 2.69 ± 1.06 2.38 ± 0.94 0.001 0.085 <0.001

QUICKI 0.35 ± 0.05 0.38 ± 0.04 0.32 ± 0.03 0.32 ± 0.01 0.01 0.581 <0.001

FBS, fasting blood sugar; TC, total cholesterol; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; TAG, triacyl-
glycerol; HDL, High-density lipoprotein; LDL, Low-density lipoprotein, HOMA-IR, homeostasis model assessment – insulin resistance; QUICKI,
quantitative insulin sensitivity check index
aValues are expressed as mean ± SD
b P1 and P2 value, difference compared with the value at the beginning of the study within groups (paired t-test)
c Pt value, mean difference of changes between the two groups (independent t-test)
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in serum triglyceride levels in patients with type 2 diabetes
[18]. In another study, supplementation with 3 g of ginger for
45 days in patients with hyperlipidemia caused a reduction in
TG and total cholesterol [11].

Further, in an animal study, supplementation with the
ethanolic extract of Zingiber officinale led to a significant
reduction in total cholesterol, LDL and TG in rats fed with a
high-fat diet for 6 weeks; however, HDL cholesterol was not
significantly altered [9]. Mahmoud et al. compared ginger
versus orlistat effects on lipid profile in Albino rats and
showed that both ginger and orlistat had the ability to reduce
lipid profile; nevertheless, the ginger supplementation showed
a higher efficacy [23]. The controversial results may be due to
different dosages of ginger consumption, length of treatment
and dosage of effective compounds in the ginger supplement.

Despite the differences in the results of various studies,
they portray levels of agreements in terms of the modulatory
effects of ginger supplement on serum triglyceride. One of the
proposed reducing mechanisms of ginger on TG levels is at-
tributed to the influential activity of ginger components on
lipoprotein lipase and as a result on hydrolysis of TG in cir-
culation. It has also been proposed that ginger controls the
activity of the carbohydrate-responsive element-binding pro-
tein (ChREBP) in the liver. ChREBP is a regulator of lipid and
glucose metabolism, which causes the conversion of excess
glucose to triglyceride. Reducing the expression of ChREBP,
Acetyl-CoA carboxylase 1 (ACC1), and Acetyl acid synthase
and Stearoyl-CoA desaturase 1 (SCD1) are other suggestive
effects of ginger, by which it reduces the levels of triglyceride
[24, 25].

Our data did not reveal any significant association between
ginger consumption and systolic and diastolic blood pressure.
Few studies evaluated ginger effect on blood pressure. In this
regard, a clinical trial conducted by Azimi et al. examined the
effect of 3 g ginger powder on blood pressure in patients with
diabetes. Their observations showed that ginger consumption
significantly reduced systolic blood pressure, but not diastolic
blood pressure [26].

Contradictory to some previous results, this study sug-
gested that ginger supplementation fails to offer significant
alteration in weight loss and waist circumference.
Nonetheless, in consistent with our data, several other studies
reported no significant association between ginger supple-
mentation with weight and WC change [5, 18, 27].
Conversely, Ebrahimzadeh et al. reported supplementation
with 2 g/day ginger to significantly decrease BMI in obese
women [28]. Overall, our study presented several strength
points including its design as a controlled clinical trial and
precise control of the participants’ diet and physical activity.
Our study had a limitation. The initial data of TG and TC
levels were higher in the ginger group than in the control
group (Table 1). This may be due to that ginger is more effec-
tive in reduction of TG and TC levels than those in the control

group. However, we could not find any evidence proving
different effect of ginger on various levels of TG and TC.

Conclusions

This study demonstrated that daily consumption of 2 g per day
ginger supplement for 12 weeks by patients with MetS can
improve insulin sensitivity, triglyceride and fasting blood glu-
cose levels, suggesting its beneficial impact to be used as a
herbal agent in patients with MetS.
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