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Abstract

Gingers is widely used as the complimentary household herbal medicine since it promotes varieties
of health-protective effects including anti-hyperlipidemia and anti-hypertension. This study aimed to
evaluate the effect of a 30-day ginger (Zingiber officinale Roscoe, Zingiberaceae) ingestion on lipid and
glucose profiles and blood pressures in hypertensive older women. The randomized double-blinded ginger
consumption was designed in normotensive and hypertensive older women. Thirty-two female volunteers
were randomly allocated into 4 groups ofnormotensives and hypertensives without and with ginger
consumption, named as normotensive control (NC); normotensive with ginger consumption (NG);
hypertensive control (HC) and hypertensive with ginger consumption (HG). On daily basis, the ginger-
treated groups (NG and HG) ingested ginger powder at 75 mg/kgBW/day dissolved in 150 mL water after
breakfast whereas control groups (NC and HC) received 150 mL water only for 30 days. Data were
collected, in the morning, at pre- and post-intervention. Blood lipids, including cholesterol (chol),
triglycerides (TG), high density lipoproteins (HDL), and low density lipoproteins (LDL), glucose levels
and blood pressures were evaluated and compared from pre-and post-interventions. The results showed
that 30-day ingestion of ginger exerted no change in normotensive groups, where alterations of blood lipid
profiles were found in hypertensive groups. Both hypertensive groups (HC and HG) showed the
significant reductions in SBP (p < 0.05), however, HC showed significantly increase inblood TG and
LDL. HG group showed the reduction in TG and unchanged in LDL. There were no significant
differences in chol, HDL, glucose levels and health-related performance from either within or between-
groups comparisons (p > 0.05). This study primarily shows the minimal duration of 30-day ingestion of
dissolved ginger on lowering systolic blood pressure and triglycerides but plays no roles in glycemic
control in hypertensive subjects. Ginger might possibly play an important alternative role in alleviating
certain health risks in the hypertensive aged females. To build up confidence on its therapeutic effect,
more sample size of this local herb is needed in further investigation.
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Introduction

Dyslipidemia, such as high levels of triglyceride, total cholesterol, and low-density lipoprotein
cholesterol and low level of high-density lipoprotein cholesterol, represents the major risk incidence of
atherosclerosis which leads to various cardiovascular diseases. According to the 2009 national health
examination survey IV, it was reported the high prevalence of dyslipidemia among Thai population,
especially in the north and north-east regions. Moreover, the higher percentage of most blood lipids level
were usually found in women and older age than men and youngers, respectively. Overall, 66.5 % of
Thais had some forms of dyslipidemia with a low level of awareness and treatment [1]. Generally, women
play critical roles in managing for daily needs, meals, household chores and well-being of all family
members including in northeast of Thailand [2]. With the traditional beliefs, most people from the
northeast of Thailand remain in their old lifestyle of daily living despite the fact that various health
promotion strategies were intervened [3].

The usefulness of ginger is widely reported in traditional medicine to relieve symptoms and certain
diseases such as indigestion, nausea and vomiting, joints and muscle pain, cold, and asthma through anti-
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obesity, anti-inflammatory and anti-cancer effects [4]. Recently, its effectiveness was identified in
Periodontitis patients [5]. Ginger contains various chemical constituents including gingerols, shogaols,
paradols and zingerone [6], which have been shown to reduce pain via various mechanisms: a) inhibition
on the activity of cyclooxygenase enzymes (COX-1 and COX-2), b) blocking the synthesis of leukotriene,
¢) inhibition on the production of interleukin (IL-1, IL-12) and tumor necrosis factor alpha (TNF-a) in
activated macrophages [4,7]. Study in adults reported the safety doses for ginger intake are about 600 -
2,500 mg per day [8] where its bioactive components are well tolerated even at a very high dose without
any toxic effects [9]. In the oriental world, gingeris one among herbaceous plants widely consumed as
dietary supplement and herbal remedy with need no advice from a physician, known as natural food
therapy, in particular among the aged [10]. In the United States, ginger is one among 10 common natural
products used as complementary and alternative medical (CAM) treatments [10]. It was specified an
effective duration of ginger on changes in blood lipids, glucose and hemoglobin A1C (HbA1C) of about 8
weeks of intervention [5,11]. In Thailand, ginger has been used among Muslim population for the belief
on positive effects in hypertensive patients where dose and duration were unclear [12]. The present study
hypothesized that long-term oral ginger consumption, minimum of 30 days, may improve health status
via its anti-hypertensive properties. In a study in obese patients, ginger consumption showed significant
reductions in levels of cholesterol (chol) and low density lipoprotein (LDL) [13]. While, ginger reduced
only serum triglyceride (TG) concentration but no significant changes of serum total cholesterol, LDL-C
and high-density lipoprotein (HDL-C) in peritoneal dialysis patients [14]. Controversial results of ginger
consumption on blood sugar were also reported with both reduction in glucose level in diabetes patients
[15]and no effect on either blood glucose or lipid [16]. As ginger is one of the most popular medicinal
herb in traditional Chinese Medicine and Indian Ayurvedic System of Medicine [17]. In the present day,
people around the world routinely use ginger for both food and herbal medicine with ranges from small
kids to the agedfor the treatment of numerous ailments [10]. As endogenous metabolic hormones
remarkably decline in females after middle age, the protection from cardiovascular complications appears
earlier than in males [18]. Ginger has been freely and randomly used as a household herbal agent with
non-systematic study. We rely on controversial information on the effect of ginger, especially for older
people. Thus, the objective of this study was aimed to evaluate the effect of ginger in the aged females in
the north-east part of Thailand. Changes in blood lipid and sugar were used as the main indicators.

Materials and methods

Participants

Native women from an elderly club of local health promotion hospital (LHPH) in the north-east of
Thailand, aged between 60 - 69 years old, voluntarily participated with the present study. Inclusion criteria
were set up as follows: 1) no current cardiorespiratory and muscular diseases, 2) non-obese with body
mass index (BMI) between 23 - 28 kg/m*[19] 3) resting blood pressures about 120/80 mmHg (control
group) and asymptomatic hypertension stage 1 (hypertension group), 4) blood lipid levels at upper normal
limits (TG between 150 - 199 mg/dL or chol 200 - 239 mg/dL or LDL 130 - 159 mg/dL) 5) fasting blood
glucose 80 - 120 mg/dL, and 6) no history of ginger allergy. Vital signs and physical examination were
conducted by a physiotherapist investigator. Informed consent forms were completed by all subjects
before starting the experiment. This study was approved by Khon Kaen University Ethics Committee for
Human Research (HE602231).

Study design

This study was the randomized double-blind intervention for 30 days (Figure 1). To avoid
variations, this study necessarily recruited all members of an elderly club from the LHPH without a
calculation of sample size. According to their baseline blood pressures, participants were initially and
purposefully divided into normotensive and hypertensive groups. Thereafter, they were randomly divided
into 4 subgroups by sequentially numbered containers: Normotensive control (NC), normotensive with
ginger consumption (NG), hypertensive control (HC) and hypertensive with ginger consumption (HG).
Groups with ginger consumption (NG and HG) orally ingested ginger powder (Zingiber
officinale Roscoe, Zingiberaceae, HOTTA, Thailand’s FDA 10-1-25830-1-0028), 75 mg/kgBW/day [20]
once a day dissolved with 150 mL water after breakfast. This allocation sequence was conducted by
LHPH’s staffs, nurses and public health practitioners, who were not part of main investigators. The
normotensive and hypertensive control groups (NC and HC) received only 150 mL water as a placebo.
Subjects were advised to keep their regular routine lifestyle and diet [21] and not to take any dietary herbs
during the study period [14].
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Figure 1 Flow diagram of the study.

Measurement and data collection

All of experimental processes were completed at Khon Kaen University, Thailand. On the day prior
to the test, subjects were instructed to: a) sleep at least 7 - 8 h, b) drink water ad libitum, c) avoid alcohol
and caffeine beverages, d) avoid to perform or join any vigorous physical activity. Subjects arrived the
laboratory at early morning then 10 mL blood samples were taken from antecubital veinand then
centrifuged at 3,000 rpm for 15 min at 4 °C. Plasma aliquots were stored at —80 °C for further analysis.
Blood parameters, included TG, chol, HDL, LDL and glucose were analyzed using automatic chemistry
analyzer Cobas® C501 (Roche Diagnostics Ltd., Switzerland). Anthropometry and health-related
performance were also evaluated including subcutaneous fat using skin fold measurement (Lange skinfold
caliper); hands and legs strength (handgrip and leg dynamometers); flexibility (sit and reach test).

Statistical analysis

All data was presented as mean and standard error (SE) and carefully analyzed using 2-way
ANOVA by the SPSS statistical package (version 16; SPSS, Inc., New York, USA). The different
between groups were determined by independent t-test. Statistical significance was accepted when p <
0.05.

Results and discussion

Results

Four women were excluded from the experiment because of elevated resting heart rate, signs and
symptoms of abnormal cardiorespiratory function during period of the study. Finally, 32 older women
completed 30-day intervention. Table 1 showed the characteristics of subjects in 4 groups at the
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beginning of the study. There were no significant differences in age, body weight, height, BMI, resting
heart rate and diastolic blood pressure (DBP) among 4 groups. Only systolic blood pressures (SBP) in HC
is higher than NC groups (p < 0.05) and NG than HG groups (p < 0.05).

Table 1 Characteristics of subjects at rest at the beginning of the study.

Variables NC (n=6) NG (n=5) HC (n=10) HG (n=11)
Age (years) 66.70 £ 2.11 65.00 +2.32 62.40 = 1.59 66.00+ 1.39
Body weight (kg) 59.00 +2.75 63.60 + 5.48 58.60 + 1.76 60.60 + 2.66
Height (cm) 153.30 + 1.26 151.80 + 1.80 153.20 £2.30 154.00 +2.38
Heart rate (bpm) 82.33 £ 1.67 80.60 =2.31 86.50+2.16 84.82 +1.98
BMI (kg/m) 25.07 +1.02 27.69 +2.62 25.10 £ 0.98 25.60 + 0.68
SBP (mmHg) 118.50 +2.29 117.40 + 1.91 150.00 +4.21™ 145.82 +3.31™
DBP (mmHg) 72.33 +3.07 67.80 +2.57 70.40 +3.11 69.91 + 4.04

Values are mean and standard errors. BMI: Body mass index; SBP: Systolic blood pressure; DBP:
Diastolic blood pressure; NC: Normotensive control group; NG: Normotensive with ginger consumption
group; HG: Hypertensive control group; HG: Hypertensive with ginger consumption group.

* p <0.05; significant difference from NC;

# p < 0.05; significant difference from NG.

On Day 0, data showed no significant differences of glucose, chol and HDL (Table 2) with the
exception for higher TG in HG than NC (p < 0.05) and HC (p < 0.05). Within-group comparisons from
pre- (Day 0) and post-ginger intervention (Day 30) revealed the significant reduction of TG in HG (p <
0.05). On the contrary, there was significantly increased TG after 30 days of intervention in HC (p <
0.05). Results also showed significant reduction in SBP after interventions for both HC (p < 0.05) and HG
(» < 0.05) groups. These reductions were similar in magnitude for both groups. Health-related
performance including subcutaneous fat, handgrip and leg strength and flexibility did not change between
day 0 and day 30 in all four groups (Table 3).

Table 2 Changes in plasma lipids and glucose levels, resting systolic, diastolic and mean arterial blood
pressures (SBP, DBP and mABP, respectively) in normotensive control (NC), normotensive with ginger
consumption (NG), hypertensive control (HC) and hypertensive with ginger consumption (HG) groups
before (Day 0) and after interventions (Day 30).

Variables NC (n=6) NG (n=5) HC (n = 10) HG (n=11)
Day 0 Day 30 Day 0 Day 30 Day 0 Day 30 Day 0 Day 30

Glucose 118.83 £9.02 11333+ 17.47 128.60 +2.41 123.00£16.13  117.00 £9.44 12530 + 12.35 130.09 + 13.42 138.09+13.43
(mg/dL)

chol 15433 +10.03 169.50 + 12.33 18520+ 15.64  193.00+15.04  158.30+8.57 174.90 + 11.87 197.27 +9.85 209.64 +9.88
(mg/dL)

TG 83.17+ 11.76 99.33 +20.44 15520+ 14.07  136.20+11.68  81.00 % 5.65 98.50 + 8.03 185.70 £ 19.1*”  177.10 + 18.66"*
(mg/dL)

HDL 63.67+4.73 62.00 +7.55 63.40 +3.11 62.60 + 3.41 64.60 +3.10 63.60 + 3.09 64.36+2.75 62.73+2.94
(mg/dL)

LDL 74.17 £ 10.51 87.67 +11.09 91.00 + 14.20 103.00 £ 14.24 7750 +7.12 91.70 + 10.50 96.82 + 8.42 111.36 +10.53"
(mg/dL)

SBP 118.50 £2.29 118.83 +0.87 117.40 £ 1.91 11720+ 1.59  150.00 +4.21 14730 £3.73"%  14582+331*1 14254 +3.69™
(mmHg)

DBP 72.33 +£3.07 74.00 +2.11 67.80 +2.57 71.40 +2.46 70.40 +3.11 71.70 + 1.88 69.91 +4.04 72.00 + 3.08
(mmHg)

mABP 87.72 + 1.61 88.94 + 1.43 84.33 + 1.89 85.06 + 0.53 96.90 = 3.06 96.60 = 2.187 9521 +3.28 95.51+2.79
(mmHg)

Values are means and standard errors.

* p<0.05; significantly difference between day 0 and day 30 with in the same group;
# p <0.05; significantly difference from NC at the same day;

9 p<0.05; significantly difference from NG at the same day;

oo p<0.05; significantly difference from HC at the same day.
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Table 3 Health-related performance of all participants in each group under different conditions.

NC NG HC HG
Variables

Day 0 Day 30 Day 0 Day 30 Day 0 Day 30 Day 0 Day 30

Subcutaneous fat (mm) 26.67 £4.08 25.83+3.97 28.00 £ 7.58 27.00 £ 6.86 25.60 £2.07 25.80+1.14 26.18£5.95 26.55+4.61

Hand strength (kg) 14.67 £ 1.18 15.15+1.45 17.82 +5.75 18.26 +5.29 13.63 +3.25 14.22+2.93 16.96 +7.27 17.80 +5.72
Leg strength (kg) 10.33 £ 1.63 10.83 +1.94 11.40+2.51 12.40£2.70 10.90 +3.18 12.00 + 3.06 10.91 £2.47 11.45+2.62
Flexibility (cm) 10.00 £ 3.52 10.83 £3.31 9.00 +4.12 10.80 + 3.70 6.70 £ 4.76 7.40+2.76 8.00 £2.90 9.36+2.91

Values are mean and standard errors. NC: Normotensive control group; NG: Normotensive with ginger
consumption group; HG: Hypertensive control group; HG: Hypertensive with ginger consumption group.
*p <0.05; significantly difference between day 0 and day 30 with in the same group.

Discussion

To the best of our knowledge, there is no investigation ofeffects of ginger on blood lipids and
glucose levels in the north-east part of Thailand. The study successfully recruited normotensive and
asymptomatic hypertensive subjects. Hypertensive subjects treated with ginger shows reductions in TG
and SBP without changing in their performance. With suitable control for diets, physical activity and
lifestyle, the above changes are, most likely, due to the effects of ginger drink.

Characteristics of older women in this study revealed that their body weights and heights were in the
normal ranges of Thai population at this agerange[22]. As hypertension is one among the main age-
related problems found in Thai population [23], the present study provides some preliminary evidence to
cope with the problem using ginger. All subjects were recruited from the same rural area in the north-east
of Thailand with grade 6 for highest education level. However, their understandings in experimental
procedures were acceptable and could follow properly for the whole 30 days. The most important finding
of the present study found that ginger supplementation significantly reduced some blood lipid profile
while glucose was not affected. Even though subjects were instructed to keep their routine lifestyles, diets
with ad libitum of water, fluctuations of blood lipid profiles are considered in that we did not quantitate
for level of hydration among subjects. Other causes of fluctuations were reported from a 4-day study on
blood lipids in which the numbers of days between blood draws and from self-selected diet [24].

The hypolipidemic effects of ginger could have, partly, resulted from inhibition of cellular
cholesterol biosynthetic processes [25]. However, effects of ginger on changes of blood lipids remain
inconsistent depend on pathological underlying of subjects being used and forms of ginger. For example,
daily oral administration of ginger extract at 4 mg/kg to diabetic rats resulted in reducing the plasma
glucose and all kinds of lipids [26]. In type 2 diabetic patients, ginger has been suggested to improve
insulin sensitivity and some fractions of lipid profile [27]. Other study showed no significant changes of
all blood lipid parameters in the obese when taking ginger capsules daily for 10 weeks [28]. Some study
showed the only reduction in total cholesterol [16] while a study showed no change in plasma LDL level
[14].

Other mechanisms “the antihypertensive action of ginger” can be partly attributed to its antioxidant,
anti-inflammation and activities since ginger contains plentiful of phenolic compounds such as gingerols,
zingerone, shogaols and paradol [4,29,30]. Some previous studies have reported the antihypertensive and
antioxidant effects of polyphenol, protocatechuic acid, in young and aged hypertensive rats which partly
works through the restoration of endothelial function indicated by an increased vasodilation[31,32].
Moreover, this improvement was associated with the increase in serum nitric oxide concentration and its
enzyme of production, endothelial nitric oxide synthase (eNOS). Similarly, the vasodilatory properties of
ginger phenolic compounds have been reported together with increasing plasma nitric oxide level [33].
Reducing lipid peroxidation can be an alternative reason of BP-lowering effect of these components since
this process is a key factor to vascular blockage and development of atheromatous lesions causing
vasoconstriction and endothelial lesions occurring in atherosclerosis [34].

Ginger, in form of crude extract, lowered arterial blood pressure through the obstruction of voltage-
dependent calcium channels. This will cause the reduction of vascular smooth muscle function which
results in more relaxation of arterial walls that allow blood to flow more easily and reduce blood pressure
[35]. Ginger solution exhibited antihypertensive effect through angiotensin-converting enzyme (ACE) and
inhibitory outcome by stimulus of muscarinic receptors[36]. A study used steamed ginger
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supplementation show the reductions of plasma total cholesterol and triglyceride [37] in which might be
due to the inhibition of cellular cholesterol synthesis [38]. Moreover, the mechanism was related to higher
liver expression of peroxisome proliferator-activated receptors (PPARa and PPARY), which were related
to atherosclerosis [39]. The reduction in TG levels in the present study confirms the results of previous
investigations, which conducted in the ginger-treated diabetic rats [40] and in cardiac patients [25].

Even though, blood glucose level did not change in this study. The mechanisms of ginger on
lowering blood sugar composed of facilitation of insulin-independent glucose uptake via translocation of
glucose transporter GLUT4 together with activation on total GLUT4 protein expression[41], the
inhibition of hepatic phosphorylase enzyme, which prevent glycogen break down [15]. These
consequently decreases blood glucose level. However, the reduction of blood sugar was reported only
after fasting condition in many studies[15] and in diabetic rats [42].

To our knowledge, this study identified the 30-day duration of ginger intervention on blood
chemistry level in Thai elderly. This will, at least, provide clearer picture of the effectiveness of ginger.
While, the limitations of this study are that 1) be unable to blind the taste of the ginger dissolved in the
water and 2) limited sample size without the systematic calculation. Thus, more sample size of this
therapeutic herb needs to be further investigated.

Conclusions

This study indicates the minimal duration of 30 days of ginger ingestion at 75 mg/kgBW/day,
reduces systolic blood pressure and alongside with the reduction in triglycerides level in hypertensive
older women. No therapeutic effect of ginger on blood glucose level was found. Ginger might possibly
play an important role in alleviating certain health risk in the aged via partially improvement of some
lipid levels.
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