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Abstract

Background and Aim: Scientific experiments and clinical studies have revealed the lipid lowering properties
of ginger and its efficacy as an adjuvant in hypercholesterolemic conditions. The aim of this meta-analysis is to
evaluate the effect of ginger supplementation on human serum lipids.

Materials and Methods: A systematic search of randomized controlled trials (RCTs) written in English was
conducted up to April 2016 by searching online databases including PubMed, EMBASE, Scopus, and Google
Scholar. A total of seven RCTs met the inclusion criteria. The pooled weighted Mean Difference (MD) and its
95% Confidence Interval (Cl) were calculated and pooled using a random-effects model.

Results: Compared to the controls, ginger intake significantly reduced the concentrations of total cholesterol (-
13.31 mg/dL, 95% CI, -20.29 to -6.33 mg/dL, P=0.000), low-density lipoprotein (LDL) cholesterol (-11.22
mg/dL; 95% CI, -18.37 to -4.06 mg/dL, p = 0.002) and triglycerides (-14.96 mg/dL; 95% CI, -22.13 to -7.79
mg/dL, P=0.000). But the rise in high-density lipoprotein (HDL) cholesterol level was not statistically
significant (WMD = 0.12 mg/dL; 95% CI, -1.01 to 1.24 mg/dL, p =0.839).

Conclusion: Ginger supplementation (tablet, capsules, powder or rhizomes) significantly reduces LDL, TG,
and TC, but not HDL. This property enables ginger to manage lipid profile. However, high-quality RCTs are
required to identify the effects of ginger supplementations on HDL levels.
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Introduction indicated that CVD is the major leading cause of

mortality and morbidity worldwide (2). Although
Hyperlipidemia, the result of abnormality of lipid several epidemiological studies predicted the reduction
metabolism, is an important risk factor of the of cardiovascular mortalities over time, over 17
diseases related to lifestyle, inclusing atherosclerosis, million people passes away from CVD in 2008, and it
cardiovascular disease (CVD), coronary heart disease is estimated that by 2030 roughly 23.6 million people
(CHD) and stroke (1). Epidemiological studies have will die from CVD. Hence, tremendous efforts have
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been devoted to reduce the risk factors of
atherosclerosis (3). It is of high significance to find
natural agents beside synthetic medicine used to
decrease the burden of such diseases because these
medications might have adverse side effects (4).
Recently, there has been a growing tendency towards
the use of alternative therapies to reduce serum
cholesterol because of either their safety or personal
preference, particularly when conventional drug
therapy is considered inappropriate or expensive (5).
Plant foods play key roles in managing
hyperglycemia and hyperlipidemia (6). Recently,
Rhizome of ginger (Zingiber officinale Roscoe,
belonging to the family Zingiberaceae), as a non-
toxic spice with negligible side effects, has drawn the
attention of several researchers. This plant is
generally recognized to be safe by the United States
Food and Drug Administration (FDA) (7, 8). The
plant has currently acquired widespread nutritional
utilization worldwide (9). Some articles have
suggested that ginger's distinct pharmacological
impacts stem from its different components,
including gingerols, shogaols, zingerone and paradol.
More than 40 antioxidant compounds have been
detected in ginger (10). Immune-modulatory, anti-
tumorigenesis, anti-inflammatory, anti-apoptosis,
glucose and lipid lowering effect, and anti-emetic
properties are the main  pharmacological
characteristics of ginger (11). Many reports are
available concerning the effect of ginger on lipid
metabolism but some inconsistencies still exist
among these investigations. For example, a research
carried out about streptozotocin-induced diabetic rats
attributed hypoglycemic and lipid lowering effects to
ginger (12). Another study, however, indicated
opposite results on lipid profiles (13). Various human
and animal studies with different designs have
investigated the exact effects of ginger lipid profile to
date, but there has been no systematic review in this
regard. This systematic review evaluates the current
and available evidence on the efficiency of ginger on
lipid profile.

Materials and Methods

Search Strategy
The current meta-analysis was designed following
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the guidelines published in 2009 on the preferred
reporting items for systematic reviews and meta-
analysis (PRISMA) (14). International databases,
including PubMed, EMBASE, Scopus and Google
Scholar, were searched from inception up to 2016. The
keywords that were searched in the titles and abstracts
included ginger OR zingiber OR ‘‘Zingiber officinale”
and Cholesterol OR ‘plasma lipids” OR triglycerides
OR HDL OR LDL OR ‘‘serum lipids”.

Eligibility Criteria

Articles were included provided that they met the
following criteria: (1) to be clinical trials; (2) to use
ginger or ginger-containing products as the
intervention; and (3) to report mean changes and their
standard deviations (SD) of lipid profile (HDL
cholesterol, LDL cholesterol, total cholesterol and
triglyceride) (or data for calculating the indicators).
Moreover, the dosage of ginger supplementation and
intervention duration should be clearly reported. On
the other hand, articles were excluded if (1) they were
not written in English or Persian languages; (2) they
did not report the data required for meta-analysis; (3)
their full texts or their relevant data were not
accessible; (4) they were not original papers (such as
reviews, comments, or letters); (5) they were
duplicated papers.

Data Extraction and Quality Assessment

Extracted data included author’s full name, the year of
publication, the country in which the research was
conducted, study design, the number of participants in
the ginger and control groups, the intervention
assigned to the control group, the administered dose
on both ginger and placebo, treatment duration, age,
gender, body mass index (BMI), baseline and final
values for TC, LDL, HDL, TG in the form of
Mean+SD and total Jadad Score. Before performing
the meta-analysis, the lipid levels in millimoles per
liter (mmol/L) were converted into milligrams per
deciliter (mg/dL) prior to calculations. We used Jadad
scoring system to assess the quality of the selected
studies (15). The Jadad scale contains questions that
address randomization, randomization scheme and
withdrawal in intervention and placebo groups (16).
Each study gets a score from zero to five points in this
scoring system. Low quality studies receive < 2 and
high quality studies > 3 (16).
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Statistical Analysis

Data analysis was carried out using STATA software
(version 12.0, StataCorp, College Station, Texas,
USA). The pooled Mean Difference (MD) and its
95% Confidence Interval (CI) were calculated to
measure the impacts of ginger supplementation on
lipid profile.

Before conducting the analysis, the lipid levels in
mmol/L were converted to mg/dL and mean net
changes (mean+SD) in the TC, HDL, LDL and TG
for each study were calculated. The heterogeneity of
studies was assessed using the /2 statistics, and
random-effects model (the Der Simonian-Laird
estimator) was utilized if heterogeneity >50% and P-
value of heterogeneity <0.1.

In case of meta-analyses with more than 10 studies
(not in the present case) to examine the publication
bias, the Egger’s test is utilized. In case of bias, the
funnel plot indicates an asymmetric shape. A P-value
<0.05 was considered to be statistically significant.
an.

Results and Discussion

A Summary of Selected Studies

Figure 1 shows a flow diagram of article selection for
this meta-analysis. Of 361 articles retrieved in initial
electronic searches, a total of 54 duplicated articles
were removed and 295 studies were excluded by
screening the titles or abstracts (48 in vitro
experiments, 169 animal experiments, 19 other
effects of ginger, 37 other herbal plants, 22 reviews).
Finally, seven RCTs met the inclusion criteria (18-
24). The study performed by Atashak S et al. (21)
included two intervention groups, and each pair-wise
comparison was included into the meta-analysis as a
separate trial. Subsequently, eight trial arms were
included in the meta-analysis. General information
on the included RCTs is summarized in Table 1. The
data of differences about pre and post-intervention
phases in serum lipids including TC, LDL-C, HDL-C
and TGs, was described in seven articles. In a study
conducted by Andallu B et al., the researchers
provided the data for post-intervention serum lipids.
In this meta-analysis, six studies had a 2-arm parallel
design (ginger powder and placebo groups), one RTC
(19) had a 4-arm parallel design (ginger powder, two
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other herbs and placebo group) and another (24) had a
5-arm parallel design including ginger powder, three
other herbs and the placebo group.

Study Characteristics

Table 1 displays the characteristics of the included
trials. Seven trials (18-24) were published from 2003
to 2015, six of them were Iranian cases (19) and one
was Indian. Of these eight RCTs, seven used a double-
blind design and one (24) utilized a single-blind
design with a placebo. Of eight RCTs, two had (18,
19) hypercholesterolemic patients, three (20, 23, 24)
recruited patients with type 2 diabetes mellitus, two
(21) were applied on obese men and one (22) had
patients with peritoneal dialysis (PD). Three of them
(19, 21) included only men and the rest reported their
results for both men and women. The sample size
ranged from 8 to 45, with a total number of 366
participants. Follow-up duration lasted from 4.28 to 12
weeks with a median of 8.58 weeks. The daily dose of
ginger consumption varied from 1000 to 3000 mg with
a median of 1950 mg. Average age ranged from 23.6
to 58 years and the mean BMI ranged from 26.8 to
34.5 kg/m® In one RCT (19), the mean BMI was not
reported. In one study (Tabibi H et al.), different units
(mmol/L) were applied for TG, TC, HDL-C, and
LDL-C. Hence, before meta-analysis these indexes
were transformed to the unified unit (mg/dL). The
qualitative assessment for each study in our meta-
analysis was conducted via applying Jadad scale.
Except one case (19), randomization and blinding
were described in all studies. In two cases (20, 22) the
randomization scheme and in four cases (20-23) the
method of blinding were explained. There was a
description of dropouts and withdrawals in two trials
(20, 23). Three studies (18, 19, 24) scored 0-2 on the
Jadad scale and obtained low quality, and five studies
(20-23) scored 3-5 on the Jadad scale and obtained
high quality.

Outcome

The meta-analysis of all RCTs did not show any
significant effect of ginger supplementation on LDL,
HDL, TC and TG. The study by Azimi et al. (24) was
excluded due to its outlier results. Findings from the
sensitivity analysis indicated a significant decrease in
LDL, TC and TG concentration. Random effects
model was applied to evaluate this effect. Figure 2
shows the effect of ginger supplementation on LDL-c
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Figure 1. Flow diagram of the literature search for the effect of Ginger on serum lipids (TC, TG, LDL, HDL).

Study (Year) WMD (95%CI) Weight%
ANDALLU B (2003) — 1424 (2231, 6.17) 375
Alizadeh R (2008) -;—-— «1.50 (=14 .89, 11.589) 20.51
Atashak S (2011) - -18.40 (-87.90, $1.10) 104
Atashak $ (2011) £.00 (70,08, $6.08) 083
Mahluji S (2013) _._,_ 20,40 (-38.34, -7.46) 1947
Arablou T (2014) —_— -13.80 (-29.97,2.37) 1532
Tabibi H (2015) : 1170 (-15.82, 30.22) 617
Overall (I-squared = 20.9%, p = 0.270) <> -1122 (-18.37, -4.06) 100.00
Note:Weight are from random effects analysisé
11. ° x'.
Figure 2. Forest plots depicting the effect of Ginger supplement on LDL-c.
(MD = -11.22 mg/dL; 95% CI, -18.37 to -4.06 and TG were -13.31 mg/dL (-20.29 to -6.33 mg/dL,
mg/dL, p = 0.002). Corresponding changes for TC P=0.000) (Figure 3), and -14.96 mg/dL (-22.13 to -
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Study (Year) WMD (950/.(:‘[) Weight%

ANDALLU B (2003) 14,24 (-2231,-6.17) 37.18

Alizadeh R (2008) p—— 1,50 (14,89, 11.89) 20.51

Atashak S (2011) -18.40 (-§7.90, $1.10) 1.04

Atashak S (2011) - .00 (+70.08, 86.08) 053

Mahluji S (2013) —0—;— 21,40 (-35.34,-7.46) 1917

Arablou T (2014) —-OE-—- -13.80(-29.97, 2.37) 1532

Tabibn H (2015) I‘ 11.70 (+15.82, 30.22) 617

Overall (I-squared = 20.9%, p = 0.270) @ <11.22 (<1837, -4.06) 100.00
Note:Weight are from random effects analys'is

II ’ ° |'~
Figure 3. Forest plots depicting the effect of Ginger supplement on HDL-c.
Study (Year) WMD (95%CI) Weight%
ANDALLU B (2003) —— «16.20 (+24.19, .8.21) 80.42
Alizadeh R (2008) —_— -20.70 (-59.13, 17.73) 348
Atashak S (2011) «20.30 (~117.37, 58.77) 0.66
Atashak S (2011) «6.80 («149.00, 155.40) 0.2s
Mahluji S (2013) —— -0.50 (-22.34, 21 .34) 10.77
Arablou T (2014) -48.50 (-92.82, -4.18) 262
Tabibn H (2015) 1780 (-35.57,71.17) 1.80
O 1496 (-22.13,-7.79) 100,00

Overall (I-squared = 0.0%, p = 0.467)

Note:Weight are from random effects analysis

T
e ®

Figure 4. Forest plots depicting the effect of Ginger supplement on TG.

7.79 mg/dL, P=0.000) (Figure 4) respectively.
Random effects model indicated that ginger
supplementation increased HDL level; however, it
was not statistically significant (MD = 0.12 mg/dL;
95% CI, -1.01 to 1.24 mg/dL, P=0.839) (Figure 5).
No statistical heterogeneity was seen in any of the
lipid parameter analyses. LDL-C, total cholesterol,
triglycerides and HDL-C had 12 values were 20.9%,
0.0%, 0.0% and 0.0% respectively.

Publication Bias

No publication bias was observed when funnel plots
were examined. Moreover, the results of Egger’s
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tests did not indicate any publication bias for the
considered markers (LDL Egger's tests: P=0.653)

As far as we know this study is the first meta-analysis
investigating the impacts of ginger supplementation on
lipid profile. Meta-analysis of eight RCTs suggested
that ginger supplementation did not significantly
change serum level of LDL, HDL, TC and TG. In a
sensitivity analysis after excluding the study by Azimi
et al. due to its outlier results, a statistically significant
decrease was found in LDL, TC and TG level when
ginger supplementation was used. Moreover, we found
out that ginger supplementation could increase plasma

Herbal Medicines Journal. 2018; 3(3):120-31
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Study (Year) : WMD (95%CI) Weight%
ANDALLU B (2003) —h— <1563 (+25.17, 6.09) £3.60
Alizadeh R (2008) ; -7.70 (-25.56, 10.16) 1527
Atashak S (2011) : <18.10 (-92.59, 56.39) 0.88
Atashak S (2011) : 10.80 (-61 46, $3.16) 09
Mahluji S (2013) 5 6.00 (+27.04, 15.04) 11.01
Arablou T (2014) —o—'— 20.90 (+39.78, +2.02) 13.68

Tabibi H (2015)

Overall (I-squared = 0.0%, p = 0.873)

Note:Weight are from random effects analysis

-390 (-36.33, 28.53)

«13.31 (-20.29, -6.33) 100.00

i
) 0

Figure 5. Forest plots depicting the effect of Ginger supplement on TC.

HDL, though not significantly. Furthermore, no
significant heterogeneity among RCT's was found for
LDL, HDL, TC and TG.

There are certain biological mechanisms proposed
for the effects of ginger supplementation on lipid
profile. The hypotriglyceridemic effect of ginger
could be explained by increasing the activity of
lipoprotein lipase enzyme which leads to the
hydrolysis of circulatory TG and its subsequent
decreasing serum TG (10). Ginger also reduces the
ChREBP gene expression in the liver. Reduction of
ChREBP expression decreases fatty acid synthase,
and glucogenic as well as lipogenic proteins. It also
reduces fat accumulation in the liver which results in
reduced levels of serum TG (25). Overall, the
hypocholesterolemic effect of ginger might be due to
the inhibition of cellular cholesterol biosynthesis
(26), increased hepatic cholesterol 7a-hydroxylase
enzyme activity (27), increased activity of LDL
receptor as the result of reduced cellular cholesterol
biosynthesis (28), reduced lipid peroxidase (29),
increased pancreatic lipase and amylase (30),
increased conversion of cholesterol to bile acids
(27), increased intestinal peristalism (31), and
inhibited lipid hydrolyze in intestinal tract (32).

In general, the results of this study showed that
ginger supplementation could remarkably exert
beneficial effects on certain lipid markers. As it was
confirmed in the present research, another review by
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Ali et al. indicated that distinct forms of ginger
extracts might differently affect lipid levels, body
weight, hyperglycemia and hyperinsulinemia (33).
Beside these human trials in our meta-analysis, some
animal studies also indicated the effects of ginger
supplementation on lipid profile. In agreement with
our findings, 200 mg/kg of ethanolic extract of ginger
for 10 weeks resulted in the reduction of TG level in
rabbits compared to gemfibrozil (1). This effect was
also observed in mice (34) and rats (35). High dosage
of ginger, 500 mg/kg, either orally or intra-peritoneal
reduced the level of TC in rats (30). Several other
investigations have also reported this beneficial effect
(36-41). Fuhrman et al., reported that the consumption
of 250 mg/kg of ginger extract could reduce serum
LDL among apolipoprotein E deficient mice (26).
Moreover, results of 2 other animal studies indicated
that ginger consumption could increase serum HDL

level (37, 38).
The side effects of ginger consumption are
uncommon.  However, mild  gastro-intestinal

symptoms, including heartburn, diarrhea, and mouth
irritation have been reported (42). Only one trial (43)
included in the meta-analysis reported one case of
heartburn in the intervention group while other six
trials did not report any adverse effect in either
treatment or placebo groups.

The current meta-analysis faced some limitations.
First, partially few RCTs with the modest number of

Herbal Medicines Journal. 2018; 3(3):120-31
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Table 1: Characteristics of Studies Investigating the Effect of Ginger on serume lipides (TC, TG, LDL, HDL).

Study's Year Country Study design  Participant Group  Gender BMI (SD) AGE (SD) Dose  Sampel Duration  Jadad
first outher (M/F) (mg) size (week) score
AndalluB 2003 india NR hypercholesterolemic | 8/0 NR/NR 40-60 3000 8 4.28 0
patients c 810 NR/NR 40-60 0 8
Alizadeh- 2008 Iran RCT, hypercholesterolemic | 16/29 31 (4.4) 53.8(11.8) 3000 45 6.42 2
navaei R Double blind patients c 18/22 34.5(7.7) 53.5 (11) 3000 20
Atashk S 2011 Iran RCT, obese men | 8/0 31.2(0.6) 23.6(3.3) 1000 8 10 3
Double blind
C 8/0 32.2(2.3) 25.3(2.2) 1000 8
Atashk S 2011 Iran RCT, obese men | 8/0 32.5(2.3) 23.6 (4.4) 1000 8 10 3
Double blind
C 8/0 32.8(2.3) 23.7(3.9) 1000 8
Mahluji S 2013 Iran RCT, patients with type 2 | 14/12 29.2 (4.0) 49.2 (5.1) 2000 26 8 5
Double blind diabetes mellitus
c 16/12 29.8(5.0) 53.1(7.9) 2000 28
ArablouT 2014 Iran RCT, patients with type 2 | 8/25 26.9 (3.6) 52.6 (8.4) 1600 33 12 4
Double blind diabetes mellitus
C 7123 26.8(3.4) 52 (9.0) 1600 30
Azimi P 2014 Iran RCT, patients with type 2 | 15/26 29.05(0.2) 55.21(1.1) 3000 41 8 1
Single blind diabetes mellitus
c 15/24 28.40(0.2) 53.64(13) 0 39
Tabibi H 2015 Iran RCT, peritoneal dialysis (PD) | 117 27 (1.0) 56 (2.5) 1000 18 10 4
Double blind patients
C 10/8 27 (1.0) 58 (3.0) 1000 18

NR, not reported

participants were available for the meta-analysis.
Second, participants were heterogeneous in terms of
conditions and diseases. Third, the Jadad score of
two studies was < 2 and finally, most of the papers
did not provide any explanation for the methods of
blinding and randomization.

Conclusion

Due to its outlier results, the results of the present
meta-analysis indicated that ginger supplementation
could significantly decrease the serum LDL, TC, TG
levels and increase serum HDL level. Nevertheless, it
was not statistically significant. Therefore, ginger
supplementation could be efficient in the preliminary
prevention of hypercholesterolemia and might reduce
risk factors for CVD. Further human clinical trials
are required to confirm these findings.
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