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Abstract

BACKGROUND: Although the antioxidant properties of ginger have been revealed, there is little
available information on the effectiveness of ginger on inflammatory disorders such as
atherosclerosis. This study was carried out to examine the effect of ginger on improving the
complication of atherosclerosis.

METHODS: This study was a double-blind, placebo-controlled, randomized clinical trial
conducted on patients with atherosclerosis. Participants in the ginger and control groups
received 1600 mg of powdered ginger or placebo (wheat flour) in capsules daily for 8 weeks.
Weight, body mass index (BMI), fasting blood sugar (FBS), cholesterol, triglyceride (TG),
low-density lipoprotein (LDL), very-low-density lipoprotein (VLDL), high-density lipoprotein
(HDL), lipoprotein (a) [Lp(a)], high-sensitivity C-reactive protein (hs-CRP), and total
anti-oxidant capacity (TAC) were assessed before and after the intervention.

RESULTS: Ginger consumption in the intervention group significantly reduced serum Lp(a)
level (27.25 + 1.30 ng/ml vs. 23.57 + 0.97 ng/ml) (P = 0.040) and also the level of hs-CRP in
the intervention group was 1.90 + 0.33 ug/ml and 1.24 + 0.15 pg/ml (P = 0.010) before and
after intervention, respectively, but the levels of Lp(a) and hs-CRP were not decreased
significantly in the placebo group. The level of TAC in the ginger group was 0.71 £ 0.05 mM
and after the trial was 0.57 + 0.04 mM (P = 0.050); no significant differences were seen in
TAC when ginger was administered at 1600 mg/daily for 60 days. Also the level of Lp(a) and
hs-CRP but not TAC reduced significantly in ginger group compared to placebo group after
intervention.

CONCLUSION: This study showed that ginger had anti-atherosclerosis and anti-glycemic
properties associated through a significant decreased Lp(a) and FBS in patients with
atherosclerosis supplemented with ginger.
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Introduction

Cardiovascular disease (CVD) is one of the most
important causes of death worldwide and accounts
for 10% of all causes of disease in the world.!
Atherosclerosis and  thrombosis have been
identified as the major causes of CVD.
Inflammatory processes in the endothelial cells of
the vessel wall initiate atherosclerosis, which is
associated with retained low-density lipoprotein
(LDL).2 Macrophage is transformed into foam cell
upon LDL uptake and the gradual accumulation of
foam cells and proliferation of smooth muscle cells
(SMCs) in the inner lining of the arteries result in
fiber-fat plaque (atheroma). Depending on the size
and the degree of Iluminal involvement, the
propensity of a plaque to rupture is determined
which causes acute coronary syndrome (ACS).3

Measuring the levels of lipids and inflammatory
markers is used to evaluate the risk of future
coronary heart disease (CHD). In particular, recent
studies revealed that plasma levels of lipoprotein (a)
[Lp(a)] may be an important risk marker for
atherosclerosis.* Lp(a) is an LDL-like particle, rich in
about 45% cholesterol and also contains apo Lp(a)
[apo(a)]. Diet, physical exercise, and other
environmental influences seem not to change the
serum level of Lp(a).> However, Lp(a) is a strong risk
factor for CVD but the lack of clinical trial data has
resulted in Lp(a) being mostly ignored by clinical
guidelines assessing the prohibition of CVD.¢

C-reactive protein (CRP) is an acute-phase
protein produced exclusively in the liver, involved
in the immunological process, and mainly used in
screening and prediction of cardiovascular
problems.” Inflammatory markers, specifically
high-sensitivity CRP (hs-CRP) as a novel biomarker,
help identify those patients who would benefit more
from pharmacological intervention.®

Reactive oxygen species (ROS) are very active
small molecules derived from oxygen that have long
been known to be components of the killing
response of immune cells to microbial invasion.
Recent evidence has shown that ROS play a key role
as a messenger in normal cell signal transduction and
cell cycling. Their ability to modify LDL, react with

endothelial-derived nitric oxide (NO) subsequently
forming proxynitrite, and raise the expression of
various genes important for leukocyte recruitment
within the arterial wall is the basis of the oxidant
injury theory of atherosclerosis.”

Today, there are many medicinal hetbs around
the world used to treat diseases. Ginger (Zingiber
officinale Roscoe) is a known spice used in
medicinal purpose and cooking since ancient time.
Several studies that most of them were animal and
in vitro-based demonstrated the antioxidant and
anti-inflammatory properties of ginger.10

Ginger also was found to prevent arachidonic
acid metabolism which leads to reducing
prostaglandin synthesis and improving inflammation
as non-steroidal anti-inflammatory drugs
(NSAIDs).1" Since ginger has particular fewer side
effects than conventional inflammation-reducing
drugs, it is a preferred method to slow down the
process of developing atherosclerotic plaques.!?

Given that the plasma Lp(a) is a factor that
increases in CVD and ginger as an anti-
inflaimmatory and antioxidant drug can reduce the
incidence of atherosclerosis, it is expected that
consumption of ginger may reduce serum Lp(a) and
other inflammatory factors. Several studies
demonstrated the effectiveness of ginger on the
reduced inflammatory mediators but the anti-
atherosclerotic potential of ginger is not well
documented. In the present randomized controlled
trial (RCT), the efficacy of ginger supplement in the
Lp(a), hs-CRP, total antioxidant capacity (TAC),
Lipid profile, and fasting blood sugar (FBS) levels
was evaluated in patients with atherosclerosis.

Materials and Methods

We undertook this randomized, double-blind, active
and placebo-controlled trial at Imam Khomeini and
Golestan Hospitals in Ahvaz, Iran. The study took
place between October and December 2015. A total
of 74 male patients were evaluated for eligibility at
first. Two of them were excluded from the study
because they did not meet full criteria for inclusion.
The remaining (72) were divided randomly to ginger
(n = 36) and placebo (n = 36) groups with
permuted block randomization. Coded packages
containing treatment components were provided to
participants by clinical staff unaware of treatment
allocation. Six patients in ginger group and also nine
patients in placebo group were lost to follow-up
because of some side effects, need for surgery,
stopping using capsules, and etc. Finally, this study
was completed and analyzed based on data from 57
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patients (30 in the ginger group and 27 in the
placebo group). Figure 1 shows the Consolidated
Standards of Reporting Trials (CONSORT) flow
diagram. Because some laboratory data are affected
by estrogen and progesterone hormones, women
were excluded from this study. The male patients
aged 40 to 70 years with involvement of at least one
coronary artery in angiography which were
undergoing medical treatment not revascularization
met our inclusion criteria. Major exclusion criteria
were as follows: supplement intake to less than
80 percent of the total, changes in routine treatment
received before the study (change in the type and
amount of medication during intervention), drug
side effects, taking a vitamin supplement or
warfarin, and unwillingness to continue cooperation
in the study. The concomitant use of drug treatment
for atherosclerosis was permitted but patients were
instructed to maintain their diet, exercise, and
pharmacological therapy during the study period.
After giving a full explanation of the study to the
patients and obtaining informed consent from
them, patients were interviewed and filled a
questionnaire about their demographic
characteristics including age, history of other
diseases, type and amount of medication, and
quality of life. Then participants received 1600 mg
of ginger rhizome powder or placebo per day
(1 capsule of 800 mg after lunch and 1 capsule of
800 mg after dinner) for two months.

Weight was measured without shoes or socks
while standing erect with weight scale (Seca Colorata

760, Germany) and height was measured from head
to foot. The body mass index (BMI) [body weight
(kg) /height squared (m?)] was also calculated.

Blood samples were taken after 12 hours fasting,
either before or after the intervention. Serum was
separated and stored at -70 °C until assaying serum
markers [Lp(a), hs-CRP, TAC, cholesterol, high-
density lipoprotein (HDL), LDL, very-low-density
lipoprotein (VLDL), triglyceride (T'G), FBS] and
BMI level.

Lp(a) concentrations were determined using
enzyme-linked immunosorbent assay (ELISA) kit (a
quantitative  sandwich  enzyme immunoassay)
(Catalog #: KA1041, Abnova Cotporation, Taiwan).
Measurement of serum hs-CRP was done by
sandwich ELISA technique using kit supplied by IBL
(IBL, Hamburg, Germany, Cat. No.: I1B59126).
Serum TAC was measured by oxidation reduction
colorimetric method at a wavelength of 490 nm,
using manufacturer’s protocol (Zellbio® kit, Cat.
No.: ZB-TAC96, Nethetlands). FBS was determined
by the colorimetric enzymatic method (Pars Azmoon
kit, Iran). Lipid profile was measured by enzymatic
photometric method, using Pars Azmoon test kits.

The independent Ethics Committee of Ahvaz
Jundishapur University of Medical Sciences, Ahvaz,
approved this study with number:
IR.AJUMS.REC.1394.294. All study participants
provided written informed consent prior to
involvement. This trial is registered with Iranian
Registry of Clinical Trials (IRCT) information
(number: IRCT2015091524025N1).

Assessed for eligibility (n = 74)

Enrollment

Excluded (n = 2)

\ 4

Not meeting inclusion criteria

| Randomized (n =72) |

Allocation

Allocated to ginger group (n = 36)
Receiving allocated intervention (n = 36)

A 4

Lost to follow-up in ginger group
(surgery, side effect) (n = 6)

\ 4

Analysed in ginger group (n = 30)

Follow-up

Analysis

e,

Allocated to placebo group (n = 36)
Receiving allocated intervention (n = 36)

A 4

Lost to follow-up in placebo group (stopping using
capsules, concomitant forbidden treatment) (n = 9)

A 4

Analysed in placebo group (n = 27)

Figure 1. Flowchart describing the progress of the patients through the trial
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Data were reported as mean + standard deviation
(SD) and absolute number (percentage) for
continuous and categorical variables, respectively.
Kolmogorov-Smirnov test (K-S test) was used for
checking normality assumption and according to its
result, appropriate (parametric or non-parametric)
tests were used. Also chi-squared test evaluated the
frequency differences of qualitative variables
between two groups. Independent t-test was used to
compare means between case and control groups,
also paired sample t-test was used for quantitative
variables before and after the trial. Multiple line are
regression evaluated the association between groups
and risk factors by adjusting baseline variables. All
statistical analyses were performed using SPSS
software (version 20, IBM Corporation, Armonk,
NY, USA) and a P-value less than 0.050 was
considered as significant.

Results

72 male patients were registered for treatment and
randomly devided in two groups. Fifteen patients
were dropped out from the study owing to the
concomitant use of forbidden treatment, stopping
using capsules, and losing to follow up. Finally, 57
patients completed the trial (30 in the ginger group
and 27 in the placebo group).

Both study groups were well matched for

baseline characteristics of the age, artery
involvement, and risk factors  containing
hypertension (HTN), smoking, and diabetes (Table 1).
After random allocation, both groups were analyzed
for risk factors such as smoking, HTN, and diabetes
and no significant difference was found between
ginger group and placebo group. The average of
individuals age in the ginger group was 56.40 £ 7.70
years and in the placebo group was 56.35 = 7.74
years; this difference was not statistically significant
(P = 0.916). The individuals with HTN in the
placebo group were 11 (40.7%) and in the trial
group were 15 persons (50.0%) that was also not
statistically significant (P = 0.483). The number of
smokers in the placebo group was 4 (14.8%) and in
the trial group was 4 persons (13.3%); this was
statistically meaningless. The diabetics in the
placebo group were 12 (44.4%) and in the trial
group were 13 (43.3%) persons; this difference was
not statistically significant.

We showed that there were no significant
differences between BMI, FBS, weight, cholesterol,
LDL, HDL, Lp(a), CRP, and TAC before the
intervention in table 1.

The final analysis was done in two ways after
intervention. Table 2 and figure 2 compare the
changes from baseline to post-treatment in each

group (ginger and placebo groups) independently.

Table 1. Demographic, lifestyle, and laboratory variables for participants

Variables

Placebo group”

Ginger group

(n=27) (n=30)

Demographic Age (year) 56.35+ 7.74 56.40 £ 7.70 "

Lifestyle Weight (kg) 76.35+ 2.80 77.07£2.10 0.824"

BMI (kg/m?) 26.02 +0.88 27.81+0.76 0.123"

HTN 11 (40.7) 15 (50.0) 0.483°

Diabetes 12 (44.4) 13 (43.3) 0.933°

Smoking 4 (14.8) 4 (13.3) 0.872°

Artery One coronary artery 13 (48.1) 21 (70.0) 0.243°
involvement Two coronary arteries 8 (29.6) 5(16.7)
Three coronary arteries 6 (22.2) 4 (13.3)

Laboratory FBS (mg/dl) 148.73 + 15.90 13457 +10.90  0.848"

Cholesterol (mg/dI) 152.46 + 4.60 163.27+7.20  0.158"

HDL (mg/dl) 38.41 £ 0.86 39.67 £ 1.43 0.465"

LDL (mg/dl) 89.42 + 4.40 93.29 + 5.30 0.707*

VLDL (mg/dl) 26.88 + 3.50 35.55 + 2.90 0.007*

TG (mg/dl) 138.12 + 16.20 18450 + 1550  0.044"

Lp(a) (ng/ml) 27.63 + 2.60 27.26 £ 6.70 0.515"

CRP (pg/ml) 1.53+0.18 1.91+0.33 0.991"

TAC (mM) 0.77 £ 0.53 0.71 +0.05 0.197%

" Continues and categorical variables are reported as mean * standard deviation (SD) and absolute number
(percentage), respectively; ¥ Independent sample t-test; ® Chi-square test; £ Fisher’s exact test

BMI: Body mass index; HTN: Hypertension, FBS: Fasting blood sugar; HDL: High-density lipoprotein;
LDL: Low-density lipoprotein; VLDL: Very-low-density lipoprotein; TG: Triglyceride; Lp(a): Lipoprotein (a);

CRP: C-reactive protein; TAC: Total antioxidant capacity
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Placebo
After Before

Variables

Weight (kgg 76.99 £ 2.70 77.74£2.70
BMI (kg/m?) 26.02 +0.85 26.52 + 0.86
FBS (mg/dl) 145.74 £ 15.60 148.07 + 15.50
Cholesterol (mg/dl) 150.88 +£4.70  151.81 + 4.80
HDL (mg/dl) 38.41+0.86 39.82 + 0.66
LDL (mg/dl) 89.81 +4.30 86.48 + 4.70
VLDL (mg/dl) 26.55 + 3.30 27.85+2.70
TG (mg/dl) 138.12 +16.20 138.62 +12.80

Table 2. Comparison of measured indices in placebo and ginger groups before and after medical intervention

P Ginger P
After Before

0.005 77.06 +2.10 74.73 + 2.00 <0.001
0.005 27.81+0.76 26.98 £ 0.72 <0.001"
0.760 134.56+10.40 117.70+9.80 0.003"
0.821 163.26 +£7.20 161.83 £ 6.40 0.841
0.070 39.66 +1.40 41.60 £ 1.00 0.100
0.460 93.28 £5.30 87.60 + 5.30 0.302
0.461 36.14 + 2.90 31.82 + 3.30 0.281
0.970 184.50+ 1550 154.96+17.10 0.120

Yalues are expressed as mean + standard deviation (SD) (paired sample t-test was used)
A significant difference between the indices before and after in placebo and ginger groups
BMI: Body mass index; FBS: Fasting blood sugar; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; VLDL:

Very-low-density lipoprotein; TG: Triglyceride
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Figure 2. Patients with atherosclerosis in the ginger
and control groups received 1600 mg of powdered
ginger or placebo (wheat flour) in capsules daily for
8 weeks. Serum levels of lipoprotein (a) [Lp(a)] (A),
high-sensitivity C-reactive protein (hs-CRP) (B), and
total antioxidant capacity (TAC) (C) have been shown
in ginger and placebo groups before and after the
intervention. Statistical significances are indicated as
follows: ~ P < 0.050. Data are presented as mean *
standard error of the mean (SEM).

Table 3 evaluates the association between groups
and risk factors when adjusted for confounder
factors (such as age, smoking, HTN, and diabetes)
and baseline variables.

Table 2 shows the effect of taking ginger and
placebo capsules on the level of BMI, FBS, and
lipid profiles at the beginning and end of the trial.
The analysis of data shows that the amount of
weight, BMI, and FBS in the ginger group was
decreased, and this was statistically significant
(P < 0.050) but not in the placebo group. The
levels of cholesterol, TG, LDL, and VLDL were
declined in the ginger group but these were not
statistically significant. In addition, the level of HDL
had no significant increase in the ginger group
(P = 0.100).

Figure 2 shows the level of Lp(a), CRP, and
TAC in ginger and placebo groups at the beginning
and end of the intervention. The mean = SEM
Lp(a) in the ginger group was 27.25 £ 1.30 ng/ml
and after the trial was 23.57 £ 0.97 ng/ml
(P = 0.040). The level of CRP in the ginger group
was 1.90 + 0.33 pg/ml and after the trial was
1.24 £ 0.15 pg/ml (P = 0.010). In addition, the level
of TAC in the ginger group was 0.71 = 0.05 mM
and after the trial was 0.57 £ 0.04 mM (P = 0.050).
Within the data analysis, the level of Lp(a) and CRP
significantly decreased in the ginger group (P < 0.050)
but not in the placebo group. No differences were
seen in TAC when ginger was administered at 1600
mg/daily for 60 days (P = 0.050).

According to the results in table 3, weight
(P < 0.001), BMI (P < 0.001), FBS (P = 0.024), and
Lp(@) (P = 0.038) significantly decreased in the
ginger group compared to the placebo group. There
was a borderline decrease in CRP, but this was not
statistically significant (P = 0.053). No significant
differences were seen in TAC, cholesterol, and lipid
profiles after trial.
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Table 3. Outcome variables of ginger and placebo

groups with control of baseline and other variables”
Variables B 95% CI P
Weight -3.75 (-5.20,-2.30) <0.001
BMI -1.25 (-1.77,-0.72) <0.001
FBS -20.47  (-38.19,-2.75) 0.024

Cholesterol 5.32 (-8.55,19.19)  0.445
HDL 0.07 (-2.60, 2.75) 0.957
LDL -0.60  (-13.36,12.16) 0.925
VLDL 0.94 (-7.72, 9.59) 0.829
TG 1.44 (-43.62,46.51) 0.949
Lp(a) -4.21 (-8.16,-0.25)  0.038
CRP -0.39 (-0.79, 0.01) 0.053
TAC -0.06 (-0.18, 0.06) 0.255

" The model includes age, smoking, hypertension (HTN), and
diabetes (Multiple linear regression test)

BMI: Body mass index; FBS: Fasting blood sugar; HDL:
High-density lipoprotein; LDL: Low-density lipoprotein;
VLDL: Very-low-density lipoprotein; TG: Triglyceride;
Lp(a): Lipoprotein (a); CRP: C-reactive protein; TAC: Total
antioxidant capacity; Cl: Confidence interval

Discussion

The main undertlying cause of CVD is a process
known as atherosclerosis.!3 Inflammation, oxidative
stress, and dyslipidemia are playing important roles
in the progression of atherosclerosis.!* According to
previous studies, medicinal plants have numerous
health benefits.!> Medicinal herb is a plant that is
able to change the physiological and pathological
processes and can be used to prevent or treat
diseases.!® The purpose of this study was to
investigate the effect of ginger supplementation on
Lp(a), TAC, hs-CRP, and lipid profile in the
patients with atherosclerosis.

Based on previous animal and human studies,
some herbal medicine can reduce body weight.!”.18
Our results showed that ginger supplementation
was able to reduce weight in patients with CVD.
Studies on using ginger supplementation as a weight
loss component were controversial. Although some
studies reported that ginger produced a significant
reduction in body weight, there is little evidence to
support its effectiveness as a weight loss
supplement.19-20

Dyslipidemia is the most important contributing
factor to the pathogenesis of atherosclerosis. LDL,
VLDL remnants, chylomicron remnants, small
dense LDL (sdLDL), Lp(a), and oxidized LDL are
pro-atherogenic and HDLs are anti-atherogenic
Lps.?! Although there is some scientific evidence for
the positive impact of ginger supplementation on
dyslipidemia, these supportive data are mostly based
upon animal and in vitro experiments.?? Based on
the results of our study, HDL, LDL, and TG are

statistically the same following 8-week ginger
supplementation. In a human trial, it was
demonstrated that 4 g of ginger given daily for
4 months to patients with coronary artery disease
(CAD) failed to affect significantly blood lipids.?3
These controversies surrounding animal and human
studies may be because of the interaction of other
lipid-lowering drugs. In the other words, the level of
cholesterol, LDL, and TG had been already
controlled by these drugs.

Natural antioxidants, in particular tannins,
flavonoids, and C and E vitamins have the ability to
maintain B-cells performance and decrease glucose
levels in the blood.?* The blood sugar-lowering
impact of ginger supplementation has been
discussed in a large number of studies. It is well
known that ginger can act as a hypoglycemic agent
in patients with type 2 diabetes.!82> Based on our
findings, there was a 12.5% decrease in FBS in
patients who consumed ginger supplements for
8 weeks compared to control subjects.

The evidence from literature-based meta-
analyses of prospective studies suggests the
potential importance of Lp(a) in CVD.2:27 Lp(a) is
independently associated with CVD risk.5 Elevated
Lp(a) levels may develop atherosclerosis via
Lp(a)-derived cholesterol entrapment in the intima,
inflammatory cell recruitment, and/or the binding
of pro-inflammatory  oxidized phospholipids
(OxPLs). The pro-thrombotic antifibrinolytic
actions of apo(a) are expressed, on the one hand, as
inhibition of fibrinolysis with enhancement of clot
stabilization and on the other hand, as enhanced
coagulation via the inhibition of tissue factor
pathway inhibitor (TFPI).4

Based on the recent evidence on the role of Lp(a)
as contributing factor to the development of CVD,
decreased Lp(a) level may reduce the risk of
atherosclerosis.?® Since lifestyle in general (diet,
exercise, etc.) has no remarkable impact on Lp(a),
only pharmacologic interventions or extracorporeal
Lp apheresis may be suitable to lower Lp(a) level in
patients.® Previous studies confirm that Lp(a) is
lowered by estrogens, niacin, and Lp apheresis.??
There is little randomized intervention showing that
any kind of herbal medicine reduces Lp(a). Since
many studies are conducted on the effect of chemical
drugs on the level of Lp(a), finding an herbal drug
with fewer side effects can be helpful in this process.

The mechanism of the effect of Lp(a)-lowering
drugs is unclear but may be related to regulation of
LDL receptor expression and modifications of
Lp(a) catabolism.?® Our study showed that ginger
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was a potent medicinal herb that reduced Lp(a)
levels in patients with atherosclerosis.

The CRP is synthesized by the liver and used
mainly as a matrker of subclinical chronic vascular
inflammation, and it has a predictive value of future
cardiovascular events.?! It is well known that some
herbal ~ medicine showed  significant  anti-
inflammatory properties. The herbal properties of
ginger are similar to NSAIDs; therefore, it can
regulate biochemical pathways which are activated
with chronic inflammation.!8

Based on the results of our study, CRP, as a
pro-inflammatory  cytokine and marker of
atherosclerosis, decreased significantly following
consumption of ginger powder for 8 weeks. Our
result is similar to the result of the other human
studies. In a double-blinded, placebo-controlled
clinical trial, 12 weeks of ginger supplementation
reduced the level of CRP in patients with type
2 diabetes.’? Another study by Shidfar et al. showed
that 3 months supplementation of ginger improved
CRP levels.?> This reduces inflaimmation and its
complications in patients with CVD.

Oxidative stress is one of the contributory
factors that have long been recognized as being
involved in the development of CVD. Thus, plasma
antioxidants that show antioxidant/anti-
inflammatory effects have been linked to a lower
risk of CVD.? Antioxidant compounds, rich in
some planet and herbal medicine, are able to protect
cell membranes against damage.”

Although ginger contains polyphenol compounds
(6-gingerol and its derivatives) which have a high
antioxidant activity,® our results could not show
significant changes in TAC. The results of this study
are in contrast with other studies which used a higher
dose and/or longer intervention.!$25 It seems that to
assess the merits of the antioxidant properties of
ginger, the patient should consume a higher dose (at
least 3 g per day). Further studies are being
undertaken to fully explain the effective dose of
ginger to show its antioxidant characteristics. Out
previous study showed that 6-gingerol decreased
proteoglycan in vascular SMCs (VSMCs) stimulated
by transforming growth factor beta (TGF-8).3>

Conclusion

This study demonstrated that daily consumption of
1600 mg of ginger in capsules for 8 weeks by
patients with CVD led to lowering FBS as well as
variation in Lp(a) and a decrease of weight and
BMI. Moreover, it seems effective in decreasing
CRP but the intergroup changes was borderline and

further study is needed. These data show that ginger
supplement has anti-inflammatory anti-glycemic
properties and main effect on reducing Lp(a).
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