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Abstract

Background and objective: Hypertension is one of the main leading causes of death in the world, which can
lead to stroke, cardiovascular disease, and kidney disease. In this study, the influence of ginger rhizome,
formulated in a capsule dosage form, was evaluated on the blood pressure and lipid profiles in patients with pre-
hypertension.

Material and methods: Ginger rhizome was formulated in capsule dosage form, and drug content was
standardized based on gingerol. Each capsule contained 26 mg of the active ingredient. In a double-blind,
randomized clinical trial, 82 pre-hypertension patients, received a ginger capsule (n = 41) or placebo (n = 41)
every day for 56 days. Blood pressures were measured after the fourth and eighth weeks, and blood samples
were collected to evaluate the FBS, TG, HDL, LDL, total cholesterol, and nitric oxide (NO) levels.

Results: The consumption of ginger capsules resulted in a significant decrease in the plasma concentrations of
TG, LDL, and total cholesterol. It did not affect the plasma HDL, whereas NO concentrations were elevated. It
also causes lowering systolic, diastolic, and mean atrial blood pressures.

Conclusion: Due to the significant role of ginger capsules in reducing blood pressure and lipid-related
metabolites, it can be considered a supplement in pre-hypertensive patients' medication regimens.
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1. Introduction

Hypertension is one of the most crucial chronic diseases in developed and developing countries, which causes
more than 7.5 million deaths worldwide a year (1). In patients with hypertension, both systolic and diastolic
blood pressures are chronically higher than 140 and 90 mm Hg, respectively (2). Hypertension has some
complications, including ischemic heart disease, stroke, atherosclerosis, pulmonary embolism (PE), and chronic
renal disease (3). Smoking, high levels of lipids (fats) in the blood, obesity, race, history of heart and kidney
disease, aging, and the male gender are among the main causes leading to hypertension (4). Based on the
classification of blood pressure prepared by the American Heart Association in 2017, when the blood pressure is
120/80 mm Hg, the person is considered to have a pre-hypertension disorder (5). Although no drug is
administrated in the pre-hypertension phase, several drugs could be used to control the hypertensive phase.
Besides, about half of patients take their medications only up to twelve months after treatment (6). The
simultaneous use of several blood pressure medications in these patients could also cause multiple
complications (6). One approach to controlling and treating blood pressure is medicinal plants (7, 31).

Ginger (Zingiber Officinale Roscoe, Zingiberaceae) is widely used as a spice. For many centuries, this plant has
been an important part of traditional Chinese medicine, traditional Indian medicine, and Greek herbal medicine
to treat allergic rhinitis, rheumatism, neurological diseases, gingivitis, toothache, asthma, stroke, constipation,
and diabetes (7,8). The main mechanism of action of ginger includes immune-strengthening, inhibiting the
formation of tumors, reducing inflammation levels, anti-apoptotic effects, anti-cancer, and anti-nausea effects
(9). Several studies have been conducted on the effect of ginger on blood pressure in patients with metabolic
disorders, which have reported different results. In the study by Shahdadi et al. (10), which was conducted on
men with high body fat levels, it was reported that the application of ginger powder decreases systolic blood
pressure in these patients (10).
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Talaei et al. investigated the effect of ginger powder in patients with type 2 diabetes and revealed its effect on
decrement of systolic blood pressure (11). A study by Arablou et al., Arzati et al., And Azimi et al. showed the
effect of ginger powder on blood lipid profiles and blood pressure, which could significantly change the blood
pressure in patients with the metabolic syndrome of type 2 diabetes (12, 13 and 14). As there are few studies
regarding the effect of ginger on pre-hypertensive patients, in this study, the effect of the ginger rhizome
capsules on blood pressure and blood lipid profiles in patients with pre-hypertension was investigated.

2. Material and Methods

2.1. Ginger capsule preparation

Ginger powder, along with its dried methanolic extract, was used to prepare the ginger capsules. Initially, the
suitable amount of ginger powder (230mg equivalent to 3mg of gingerol) and excipients was determined based
on the desired capsule size (number zero). The required amount of gingerol in each capsule was 26 mg, and
because of volume limitation, a ginger extract containing 23 mg of gingerol was also used. The ginger extract
played a role as the granule binder as well.

Placebo capsules only contained all excipients, i.e., corn starch, lactose, Avicel® 101, croscarmellose, and
magnesium stearate. They have the same shape and color as ginger capsules.

2.2. The effect of ginger capsules on the DBP, SBP, MAP, and PP of pre-hypertensive patients

This study is a double-blind, randomized clinical trial performed on patients with hypertension referred to health
centers under the supervision of Health Centers in Khorramabad (West of Iran) in 2020. Prehypertension was
diagnosed three months before the start of the study in patients who were referred to this health center. The
inclusion criteria of the present study are: having hypertension in the last three months, the age range of 30 to
70, women who never had pregnant and those without a history of lactation, no history of surgery, no
cardiovascular disease, no liver and Kidney diseases, no inflammatory diseases, no thyroid and parathyroid
diseases, and also no history of gallstones. The exclusion criteria of the present study are; having an allergy to
ginger consumption, patients who had side effects of prescription drugs, hypertension, and cardiovascular
disease during the study. After obtaining informed consent from 82 eligible patients with pre-hypertension, all
entered the study. Patients participating in the study were randomly divided into two groups; those receiving
placebo and those receiving ginger rhizome capsules. In this study, Stratified random sampling was used to
match the two studied groups based on their sex and BMI.

The duration of intervention was eight weeks, with one capsule daily for patients. Consent was obtained from
patients not to take any ginger supplement until the end of the study; otherwise, they will be excluded from the
study.

2.3. Sampling and data analysis:

In order to control the effect of dietary poisoning, the amount of energy intake and macronutrients were
recorded using a questionnaire of 24-hour dietary recall (24HR) (2 days) and food registration (1 day) at home
at the beginning and end of the study. The data on dietary intake were analyzed using Nutritionist IV software.
Patients' weight was measured using a Seca scale with an accuracy of 100 g at the beginning and end of the
study on an empty stomach without extra clothing and no shoes. Patients' height was measured using a gauge
attached to a scale with an accuracy of 5 cm without shoes. After ten minutes of rest, patients' blood pressure
was measured in a sitting position using a mercury sphygmomanometer from the right hand of patients at the
beginning, end of the fourth week, and at the end of the study. The mean arterial pressure (MAP) was calculated
using the following equation:

MAP =DP + 1/3(SP — DP) Equation 1

2.4. The effect of ginger capsules on the FBS, TG, LDL cholesterol, HDL cholesterol, Total cholesterol
and NO of pre-hypertensive patients

Blood samples were taken from all patients at the beginning, end of the fourth week, and at the end of the study

to determine the concentration of blood metabolites, including Fasting Blood Sugar (FBS), Triglyceride (TG),

LDL cholesterol, HDL cholesterol, Total cholesterol and NO. The concentrations of FBS, TG, HDL cholesterol,

and total cholesterol in serum were measured using an AutoAnalyzer and Pars Azmoon experimental kits based

on enzymatic spectrophotometry methods. Serum LDL cholesterol was calculated using the following formula:

LDL cholesterol= Total cholesterol - HDL cholesterol — TG/5 Equation 2

The grease analyzing method is a direct and simple method based on which the amount of two NO metabolites,

including nitrate and nitrite, was measured in two stages (17).
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2.5. Statistical analysis

Software Version 16 was used to perform a statistical analysis of the collected data. Quantitative variables
within the group were compared using paired t-test method, and those between the two groups were compared
using an independent t-test and Mann-Whitney U test. Besides, the mean of qualitative variables was compared
by the Chi-square test. A statistically significant level of less than 0.05 was considered significant to compare
the mean between the two studied groups.

3. Results

Of the placebo group participants, one person was excluded from the study due to unwillingness to continue
cooperation, and two people were also excluded due to travel. The excluded persons from the ginger group
included two patients with heartburn, a pregnant woman, and aman unwilling to cooperate. So, the present study
was performed and completed with 77 patients (37 patients in the ginger group and 38 patients in the placebo
group). As shown in table (1), the two studied groups were not significantly different in terms of demographic
characteristics, including age and gender, BMI, and patients' level of education.

Based on the data presented in table (2, 33), the difference between the mean energy and nutrients intakes, such
as protein, carbohydrates, fats, fiber, and salt, was insignificant before and after the intervention in the two

Table 1. Comparison of demographic variables between two groups.

Groups
Variables Placebo (n=38) Ginger (n=37) P-value
Age (year), mean = SD 50.0+10.4 49.1+10.4 0.65!
Gender, n (%)
Male 20 (52.6) 17 (46.0) 0.492
Female 18 (47.4) 20 (53.8)
BMI categories, n (%)
Normal 12 (31.6) 9(23.7) 0.73!
Overweight 5(13.2) 6 (15.8)
Obese 21 (55.3) 22 (59.5)
Educational level, n (%)
Illiterate 5(13.2) 6 (15.8) 0.582
Elementary school degree 15 (39.5) 17 (46.0)
Guidance school degree (cycle) 14 (36.8) 12 (31.6)
Academic and university degrees 4 (10.5) 2 (5.26)

! Paired t-test; 2 Chi-squared test

studied groups.

Based on the data presented in table (2), the difference between the mean energy and nutrients intake such as
protein, carbohydrates, fats, fiber and salt, before and after the intervention in the two studied groups was not
significant.

| Table 2. Comparison of the mean of daily dietary intake of energy and some nutrients at the beginning

and at the end of the study between the two groups.

Variables Before After P-value'
Energy (kcal)
Placebo 1410.7 £276.0 1435.2 +£250.3 0.67
Ginger 1388.0 +£310.2 1412.3 £305.7 | 0.40
P-value? 0.49 0.36
Carbohydrate (g)
Placebo 187.0+11.6 194.5+304 0.22
Ginger 190.3 +73.7 192.8 +50.9  0.59
P-value? 0.31 0.25
Protein (g)
Placebo 63.7 +20.1 61.4+20.7 0.35
Ginger 60.0+22.5 61.9+19.0 0.53
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P-value? 0.51 0.33
Fat (g)
Placebo 59.0+21.2 60.5+20.1 0.37
Ginger 585+173 58.1+19.7 | 0.66
P-value? 0.58 0.28
Fiber (g)
Placebo 11.2+1.82 11.7+3.40 0.58
Ginger 10.5 +2.50 9.8+£1.79 0.35
P-value? 0.47 0.13
Salt (g)
Placebo 3.84 +0.44 376 £0.44 0.70
Ginger 3.20+0.60 3.53+£0.55 042
P-value? 0.28 0.53

! Paired t-test (Comparison of before and after).
2 Independent t-test or Mann—Whitney U test (Comparison of differences between groups).

Table (3) represents an intra- and intergroup comparison of mean concentrations of plasma metabolite. The
intragroup comparison revealed that the consumption of ginger capsules could significantly decrease the
concentration of blood metabolites, including TG, LDL, and total cholesterol, but not fasting blood sugar (FBS)
(P= 0.16). Moreover, it significantly increases the concentrations of plasma HDL and NO in the final week
compared to the start of the study. Besides, an intra-group comparison revealed that the consumption of ginger
capsules significantly decreased the concentration of TG and total cholesterol and caused a significant increase
in the concentration of plasma NO at the end of the fourth week compared to the beginning of the study.
Following the comparison, as shown in table (3), at the end of the eighth week, blood metabolites, including TG
and Total cholesterol, significantly decreased compared to the end of the fourth week, while HDL concentration
increased significantly. The comparison between the eighth and fourth week showed thatginger capsule
consumption has no significant effect on the concentrations of FBS and plasma NO.Based on the data presented
in table (3), except for the concentration of LDL (P = 0.05) and HDL (P = 0.002), the comparison of the mean
concentration of other metabolites did not show a significant difference.
Table 3. Comparison of the mean blood metabolites concentration before and after intervention

between the two groups
Variables1, mean + SD Before Week-4 Week-8

valuel value2  value3
Fasting  Blood  Sugar
(FBS), mg/dl
101.2 £ 1002 £ 101.0 =+

Placebo 708 6.38 596 0.99 0.87 0.90
. 99.96 £+ 9796 +  96.7 +
Ginger 6.3 6.40 2491 0.24 0.16 0.79
P-value4 0.68 0.59 0.08
Triglyceride (TG), mg/dl
220.1 + 2257 £ 2227 +
Placebo 31.83 2991 2790 0.07 0.15 0.34
. 213.0 £+ 1876 + 1737 <+
Ginger 41.07 3531 24.91 <.001 <.001 0.01
P-value4 0.09 0.008 <.001
LDL cholesterol, mg/dl
160.5 + 1588 + 151.6 =
Placebo 11.36 11.16 115 0.53 0.53 0.81
. 1502 + 1471 <+ 140.1 =+
Ginger 3 4] 2183 195 0.10 0.02 0.04
P-value4 0.05 0.01 <.001

HDL cholesterol, mg/dl
50.60 £+ 5032 + S51.10 =+

Placebo 1137 10.70 1081 0.50 0.28 0.62
. 4195 + 4379 + 5138 +
Ginger 436 12.61 9.48 0.13 0.008 <.001
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P-value4 0.002 0.05 0.77
Total cholesterol, mg/dl
2165 £+ 2195 £ 2225 +
Placebo 32 66 303 0.6 0.21 0.10 0.39
. 2106 + 1902 <+ 1869 <+
Ginger 36.58 )76 353 <.001 <.001 <.001
P-value4 0.15 <.001 <.001
NO (mg/dl)
2424 £+ 2463 <+ 2511 <+
Placebo 0.18 0.43 0.22 0.69 0.10 0.12
. 2420 + 2670 £+ 2787 <+
Ginger 0.17 0.78 0.83 0.01 <.001 0.07
P-value4 0.18 0.02 0.04

The concentrations of TG, LDL, and total cholesterol in patients taking ginger capsules at the fourth and eighth
weeks after the examination were significantly lower than in the placebo group. In contrast, the concentration of
plasma NO in patients inthe ginger capsules group was significantly higher than in the placebo group after the
fourth and eighth week of the examination. Although the concentration of FBS in the group of ginger capsules
was lower than placebo in the eighth week of the examination, it was not statistically significant (P = 0.08)
(Table -3). Table (4) represents the data about inter and intra-group comparisons of blood pressure-related
parameters. The intragroup comparison revealed that the differences between the mean blood pressure
parameters in the placebo group in the fourth and the last week compared to the beginning of the examination
were not significant.

In contrast, the consumption of ginger capsules has a significant effect on the decrement of all blood pressure
parameters, including SBP, DBP, PP, and MAP, at the end of the eighth week compared to the beginning of the
study. Investigating the association of time with the studied parameters revealed that all blood pressure
parameters, including SBP, DBP, and MAP, will significantly decrease at the end of the fourth week compared
to the beginning of the study under the influence of ginger capsule, except for PP (P = 0.10). Besides, in the
ginger group, the mean of all blood pressure parameters SBP, DBP, and MAP except PP (P = 0.11) significantly
decreased at the end of the eighth week compared to the fourth week, under the influence of the ginger capsule.
Intergroup comparisons did not show a significant difference between the two groups of placebo and ginger in
terms of the mean parameters related to blood pressure at the beginning of the study. At the end of the fourth
week, the mean of parameters related to the blood pressure except for PP (P = 0.07) was significantly lower in
the ginger group than in the placebo group.

Table 4. Comparison of the mean systolic blood pressure (SBP), diastolic blood pressure (DBP), pulse pressure

(PP), and mean arterial pressure (MAP) before and after intervention between the two groups.
Variablesl,

Before Week-4 Week-8 P-valuel P-value2 P-value3
mean + SD
SBP (mmHg)
132.5 + 130.66 e
Placebo  130.3 £4.25 10.10 6.59 0.18 0.36 0.24
. 119.4 +
Ginger = 131.6 +4.80 12.40 110.2+9.23 0.009 <.001 0.007
P-value2 0.35 0.02 <.001
DBP
(mmHg)
Placebo  83.30+247 82.76+3.97 82.37+4.30 0.73 0.64 0.99
Ginger 82.76+£2.51 76.71+£7.09 71.18+6.23 0.04 0.003 0.01
P-value2 0.27 0.04 0.001
PP (mmHg)
Placcbo 4737730 P2 % 48294755 0.12 0.29 0.10
Ginger 47.89+5.03 42.76+8.02 39.21+8.81 0.10 0.01 0.11
P-value2 0.78 0.07 0.017
MAP
(mmHg)
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Placebo  98.56+2.46 98.37+4.88 97.47+4.90 0.88 0.65 0.55
Ginger 98.21+2.80 91.34+795 84.61 +£5.51 0.05 <.001 0.03
P-value2 0.70 0.02 <.001

1Paired t-test (Comparison of before and week 4); 2 Paired t-test (Comparison of before and week 8); 3 Paired
t-test (Comparison of week4 and week 8); 3 Independent t-test or Mann—Whitney U test (Comparison of
differences between groups).

4. Discussion

The difference in the amount of received energy and nutrient at the beginning and end of the study was not
significant between the two studied groups, which could be due to the controlling and managingof the effect of
impressive factors on research variables. The data from the present study revealed that the level of fasting blood
sugar was not significantly affected by the consumption of ginger, which is in line with the study results by
Bordia et al. (18). In contrast, the studies conducted on diabetic mice have reported that the use of ginger in their
diets significantly decreases the level of fasting blood sugar (19, 20). Based on the data achieved from the
present study, the consumption of 230 mg of ginger powder significantly decreased the concentration of blood
metabolites, including TG, LDL, and total cholesterol. In contrast, HDL levels in the last and fourth weeks of
the study significantly increased. Under the data achieved from the present study, Mahluji et al. And Arablou et
al. revealed that the consumption of ginger by patients with type 2 diabetes has a significant effect on the
decrement of the concentration of parameters related to blood lipids such as TG, LDL and total cholesterol (7,
12). Also, in the research carried out on animal models, it was observed that the consumption of ginger
decreases the concentrations of plasma TG and total cholesterol in laboratory mice (21-23).

In this study, the concentration of serum HDL increased significantly due to the consumption of ginger. In
contrast, in previous studies, the concentration of this parameter was not affected by the consumption of ginger
(12, 21-23). In general, the concentration of serum HDL is less affected by dietary components and is inversely
related to concentrations of insulin and serum triglycerides (12). Although ginger's exact mechanism of action in
the decrement of blood lipids is not known, it is possible that ginger acts through the increment of visible
peristaltic waves and inhibiting lipases decrease the rate of absorption of fat in the intestine (24, 36-38). Another
possible mechanism of action of ginger that decreases serum triglycerides is byincreasing the gene expression
process and lipoprotein lipase activity (24). Another possibility is that gingercan decrease the expression of
Carbohydrate response element (ChRE)-binding protein (ChREBP) in the liver (24). This protein regulates
glucose and lipid metabolism and converts excess carbohydrates to triglycerides.The gene expression reduction
of this protein decreases gene expression of glucogenic and lipogenic proteins,i.e., Acetyl-COA carboxilasel
(ACCI1) and glucose six phosphatase (G6P). Consequently, it causes a decrement in the accumulation of lipids
in the liver, lowers serum triglycerides, and improves insulin resistance (12, 24). Besides, as reported, other
possible mechanisms are the role of ginger in the decrement of the total amount of serum cholesterol through
increment of Cholesterol-7a-hydroxylase (7a-hydroxylase) and an increase in the conversion of cholesterol to
bile acids (24).

The data from the present study revealed that the consumption of ginger in patients with pre-hypertension
significantly increases the concentration of serum NO. Although previous studies have not reported an
association between the consumption of ginger and NO concentrations, Wu et al. reported that ginger increases
the level of serum NO through phenolic compounds (PCs) (25). Regarding the effect of ginger on blood
pressure parameters, it was observed that the consumption of ginger capsules has a significant effect on the
decrement of blood pressure parameters, including SBP, DBP, and MAP at the end of the eighth week and the
fourth week in comparison with the beginning of the study.In line with the data achieved from the present study,
Sanghal et al., And Ghayur et al., in their studies on animal models, reported that using ginger extract in the diet
of mice and guinea pigs significantly decreased their blood pressure (26, 27).

Although ginger's exact mechanisms of action on the decrement of blood pressure have not been fully
examined, the reduction effect of ginger on blood pressure may be due to its antioxidant compounds (14, 27).
The antioxidant compounds of ginger reduce blood pressure by reducing lipid peroxidation, which is a major
cause of vasoconstriction (28, 29). Another suggested mechanism of action of ginger in the decrement of blood
pressure maybe because of the increment of NO concentration in the blood (25, 32).Nitric oxide reduces platelet
aggregation and improves the function of the inner layer of arteries by reducing the concentration of plasma
proinflammatory cytokines (30). Other mechanisms based on which blood pressure decreases include the
cholinergic effect of phenolic compounds in ginger, which activate muscarinic acetylcholine receptors
(mAChRs) located in the vascular epithelium (27).The ginger extract also has been reported to decrease pressure
by closing voltage-dependent calcium channels (VGCCs) and eventually dilating blood vessels (31).
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Conclusion

Based on our data, daily uptake of capsules containing 26mg of gingerol for eight weeks decreases the
concentration of lipid-related metabolites and blood pressure parameters in pre-hypertensive patients. Besides,
the consumption of ginger capsules for eight weeks increased NO concentration and did not affect the HDL in
these patients. Due to the significant role of ginger capsules in reducing blood pressure and blood lipid profiles,
it can be considered a supplement in pre-hypertensive patients' medication regimens.
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