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Abstract

The objective of this randomized controlled trial was to evaluate the acute effects of green tea consumption on alertness and
blood pressure among medical students in MMMC. After filling up a pre-intervention questionnaire, blood pressure and pulse
rate were measured. Each intervention group participant was given 200 ml of high dose green tea (1.5g green tea brewed in
200ml boiled water). Each control group participant was given 200 ml of low dose green tea (1.5g green tea brewed in 2000ml
boiled water). Blood pressure, pulse rate and reaction time were measured after 15 minutes, and post-intervention
questionnaire were filled up. For high dose green tea, the mean difference of SBP between pre and post consumption was 0.60,
95% CI (-2.82 to 4.02), p value (0.723), whereas mean difference of DBP between pre and post consumption was -1.27, 95%
CI (-5.34 to 2.80), p value (0.529). For low dose green tea, the mean difference of SBP was 6.43, 95% CI (1.92 to 10.95), p
value (0.007) whereas the mean difference of DBP was 4.63, 95% CI (2.90 to 6.37), p value (<0.0001). The mean difference of
reaction time between the two groups was -1.8ms, 95% CI (-54.4 to 50.9), p value (0.947). Based on the study done, it can be
concluded that green tea in low doses does have immediate effect on the individual’s blood pressure (lowers blood pressure)
but not alertness and pulse rate. However, high dose green tea does not have significant immediate effects on the individual’s
blood pressure, alertness and pulse rate.
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among countries, between countries in the same region, and
1. Introduction among subgroups in a country. For the Malaysian population
of >18 years, there was a 1% increase in prevalence of
hypertension in a duration of over 6 years. [2] Hypertension
is classified as a preventable disease by WHO and therefore,
its incidence can be reduced by various interventions such as
lifestyle changes, dietary changes and medications. Findings
have stated that the population needs to be made aware of the
current magnitude of hypertension in Malaysia [2] According
to the Framingham data, even people who are free of

World Health  Organisation (WHO)  states  that
cerebrovascular disease is the cause of one third of global
deaths and is a leading and increasing contributor to the
global disease burden. Hypertension is one of the main risk
factors for the occurrence of cerebrovascular disease
throughout the world. [1] According to the National Health
and Morbidity Survey, the prevalence of hypertension varies
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hypertension at the age of 55 have a ninety percent risk of
developing hypertension anytime in their life. [3] In this
study, the correlation between green tea and its immediate
effects on systolic and diastolic blood pressure will be
discussed.

Regarding alertness, it is defined as the activated states of
cerebral cortex affecting the ability to process information
which can be intrinsic or phasic and may be relatively global
or more localized. These states are also described as arousal,
vigilance, and attention. [4] Intrinsic alertness represents the
cognitive control of wakefulness and arousal, typically
assessed by simple reaction time tasks without a preceding
warning stimulus whereas phasic alertness, is called for in
reaction time tasks in which a warning stimulus precedes the
target, and it represents the ability to increase response
readiness subsequent to external cueing. [5] There are many
researches done to date on various factors which may
improve alertness, including L-Theanine and Caffeine, [6, 7]
energy drinks, [8, 9] light exposure, [10] matcha green tea
[11] and drugs like sertraline. [12] These researches are very
crucial to the population which requires to have long hours of
attention especially students and shift workers, particularly
healthcare workers.

Green tea is definitely the nature’s treasure to the mankind.
After water, green tea is the most consumed beverage in the
world. [13] Effects of tea consumption on mental
performance, especially attention, and mood have been
investigated. The studies reviewed are mainly focused on the
relatively acute effects of green tea and its ingredients, which
occur immediately after consumption or during the course of
a day, in healthy adult populations. [14] Green tea which
contains bioactive compounds is traditionally known to
induce mental clarity, cognitive function, physical activation
and relaxation. [15] Green tea which is derived from the
plant a very popular beverage
worldwide. [16] The health-promoting effects of green tea
are mainly attributed to catechins, which belong to a family
of compounds known as flavonoid-like polyphenols or
flavanols. Green tea is mainly composed of catechins (8—
20%), caffeine (2-4%), and amino acids (1-8%).
Epigallocatechin gallate (EGCG) is the most abundant
catechin, followed by epigallocatechin (EGC). Theanine (I-
theanine, N-ethyl-l-glutamine) is the most common amino
acid, but other amino acids such as arginine (Arg) and
glutamic acid (Glu) are also found in tea leaves. [17] A 2013
Cochrane review evaluated the benefit of green teas for
primary prevention of cardiovascular disease (CVD). Green
tea has statistically produced significant reductions in blood
pressure (systolic blood pressure [SBP] and diastolic blood
pressure [DBP]). [18] According to the American journal of
clinical nutrition, Caffeine in green tea is the most consumed
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psychoactive ingredient worldwide. [19] Its attention effects
have been studied extensively. [20, 21] Numerous studies
have indicated that even in low doses such as 50 mg caffeine
improves performance on attention tasks and subjective
alertness. Whereas effects on simple attention tasks have
been well established, recent studies have also indicated
beneficial effects of caffeine on more complex, multifaceted
attention tasks. [22-24]. Studies have proven, L-Theanine in
green tea also can improve attention and shorter response
time in attention-switching task. [25-28] Generally, previous
studies focused more on long-term and less of the immediate
effects of green tea, especially that of blood pressure.

Our objective was to evaluate the acute effects of green tea
consumption on alertness and blood pressure.

2. Methodology
2.1. Study Design, Place and Time

This study was designed as a Randomized Control Trial
where the acute effect of green tea on alertness and blood
pressure among medical students in Melaka Manipal Medical
College (MMMC) was hoped to be established. This study
consists of 6™ and 7™ semester MBBS students of MMMC.
Both semester students were situated at the Muar Campus of
MMMC during the entire duration of the study. The
participants of this study comprised of medical students from
the 3 main ethnic groups in Malaysia which are Malay,
Chinese and Indian and other ethnic groups. This study also
included international students from various countries, such
as Sri Lanka and South Africa. This study was conducted
from December 2018 until January 2019.

2.2. Sample Size

A previous study entitled ‘An intervention study on the effect
of matcha tea, in drink and snack bar formats, on mood and
cognitive performance’ [11], as a reference for the sample
size of this study. According to the data given, the mean of
the control group (nl) was 10.7 with a standard deviation (¢
1) of 26.81 whereas the mean of the intervention group (u 2)
was -11.8 and the standard deviation (¢ 2) was 19.23.
Formula of comparing two means to calculate sample size
was used. The formula used for the calculation was:

(Z1—% + Z1—B) 2 (ot + a2 /1)

n>
(M1 — 12)2

Where,
1. Mean in control group, (ul)=10.7
2. Mean in intervention group, (u2) = 26.81

3. Standard deviation in control group, (1) = 19.23
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4. Standard deviation in intervention group, (62) =-11.8
5. Sample size ratio, r =1

6. Type 1 Error rate, o= 0.05

7. Type 2 Error rate, B= 0.20

The calculated minimum sample size, Neyeylaeg fOr our study
was 17 in each each arm. Using the formula below, the final
adjusted sample size, ng,, was calculated. 18.8~ 19 in each
arm.

Where,
L. Dealculated — 17
2. Non-response percentage = 10%

The final adjusted sample size, ng,, obtained was 18.8~ 19 in
each arm. However, the sample size selected for this study
was a total of 60 samples, 30 from each arm.

ncalculated

nfinal =
f 1 — non response%

2.3. Sampling and Randomization

The study population comprise of Medical students of
MMMC, approximately 800 in number (N=800). Sample was
taken from students of Semester 6 which comprised of 150
students and Semester 7 which has 130 students. A total of
60 students was selected as the study sample (n) from 280
students of MMMC, Muar Campus for this research.
Convenience (non-probability) sampling method which was
by voluntary participation by MMMC, Muar Campus
students was used in this study to select the subset from the
total population.

Enquiries were made to identify students who were willing to
participate in the study. Those who were willing to volunteer
in this study which only consists of healthy medical students
of MMMC, Muar Campus and have signed the written
informed consent form were the inclusion criteria of this
study. The exclusion criteria for this study was those who
were suffering from any systemic disease, on medication,
current smokers, consuming cognitive enhancers, consuming
alcohol within the past 24 hours and those consuming
caffeinated beverages for the past 8 hours before the study
was conducted.

The students were then divided into 2 groups, the
intervention group (group A) and the control group (group B)
by block randomization using the website
www.randomizer.org.

The randomization sequence was only known to 1 of the
researchers (The researcher who allocated the drinks to the
participants, CP) to ensure allocation concealment. The index
number of subjects (1 to 60) were written on the pre-

intervention questionnaire and distributed randomly to the
participants (By 3 other researchers, who did not know of the
randomization sequence) who have already signed the
written informed consent form and cleared our screening
questionnaire. Group A  (intervention) received a
concentrated (High dose) green tea, whereas group B
(control) received diluted (low dose) green tea.

2.4. Procedure, Intervention and Follow-up

All the participants were given an informed consent form to
be filled in before participating in the study. The proper
consent was obtained, and the participants were informed
that the participation in the study was voluntary. A screening
questionnaire was given to the research participants to
determine their eligibility in the study. Healthy volunteers
with written informed consent were eligible to join the study.
Exclusion criteria includes participants with systemic disease
like hypertension, diabetes mellitus and SLE. Also, those
who are currently smoking are excluded from the study.
Volunteers who are consuming medications like cognitive
enhancers, cough syrups, and antidepressants, antiepileptic
were excluded from the study. Added to that, volunteers who
had consumed alcohol for the past 24 hours or caffeinated
beverages for past 8 hours were also excluded. After taking
into consideration of our study’s inclusion and exclusion
criteria, (based on the screening questionnaire) participants
will be chosen to take part in our study. Before the
intervention was introduced, the participants’ systolic and
diastolic blood pressure and pulse rate were measured after 5
minutes of rest, using electronic blood pressure monitor. 3
researches, LM, AE, and BG were assigned to take the blood
pressure and pulse rate of the participants in sitting position.
The blood pressure and pulse rate were measured for one
time. After that, the participants were given a pre-
intervention questionnaire. The questionnaire consists of
socio demographic questions and also questions to assess
their green tea and coffee consumption frequency. Their
frequency of exercising and meditation, with the duration of
their exercise were also assessed.

After that, for the intervention group, the participants were
given 200 ml of concentrated (high dose) green tea which
was prepared by brewing 1 sachet (1.5g) of green tea in
boiled water. For the control group, 200 ml of diluted (low
dose) green tea (prepared by mixing 2000 ml of boiled water
with 1 sachet (1.5g) of green tea) was given. They were
required to finish drinking the drinks given within 5 minutes
and remain seated for another 15 minutes after finishing the
drink, all the participants were called back to measure their
systolic and diastolic blood pressure and pulse rate using
electronic blood pressure monitor. 3 researches, LM, AE, and
BG were assigned to take the blood pressure and pulse rate of
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the participants in sitting position. The blood pressure and
pulse rate were measured for one time. Apart from that, the
alertness of the participants were also measured, using
human benchmark test (Reaction Time Test). [29] The
average reaction time result out of 5 trials was recorded for
every participant at the end of the test. At the end of all
reaction time test, blood pressure and pulse rate
measurement, the values were recorded in a table on the pre-
intervention questionnaire.

Lastly, post-interventional questionnaire was given which
required them to rate their self-perceived alertness level using
a 1 to 10 scale (with 1 showed the least alertness and 10 with
the most alert). In addition to that, self-perceived
performance in the reaction time test and also self-perceived
feeling of being relaxed was also included in the post-
intervention questionnaire, also rated using a 1-10 scale.
Other than this, the side effects of green tea were also
accessed. The participants were asked if they had felt any
adverse effects such as palpitation, headaches, sweating and
increased heart rate which are commonly seen in green tea
drinkers.

2.5. Data Collection, Data Processing &
Data Analysis

The data collected was analyzed using Epi Info V 7.2.2.6
software and Microsoft Excel 2013. The data was recorded in
Microsoft Excel. The independent variable was green tea
while the dependent variables such as systolic blood
pressure, diastolic blood pressure, pulse rate, performance,
alertness, and adverse effects were recorded. The mean,
standard deviation, level of significance, unpaired t-test, and
chi-square test was calculated using Epi Info software.
GraphPad V8.0.0 Software was also used to calculate paired
t-test.

2.6. Ethical Consideration

The study was conducted with voluntary participation where
the students had choice to participate or withdraw at any
point of time in this study. The students were given a brief
description about the study before experiment was carried
out. A written informed consent was distributed to the
voluntary students prior to the experiment as to respect their

rights to participate in this study. Confidentiality of the
participants was maintained as they had the option of
remaining anonymous and any of the information gathered
was only used for the purpose of this study. This study had
received the approval of the Ethics Committee of Melaka
Manipal Medical College (MMMC). At the end of this study,
the results obtained was informed to the respective
participants.

3. Results

In Table 1, the total number of samples were 60 participants
with response rate of 100%. The mean age of participants in
the intervention group was 22.60 and mean in the control
group was 22.63. The standard deviation of age in the
intervention group was 1.07 and the standard deviation in the
control group was 1.25. As for gender, in the intervention
group, there were 60% females and 40% males whereas in
the control group, there were 56.67% females and 43.33%
males. In the intervention group, respondents comprised of
30% Indians, 26.67% Chinese, 16.67% Malays, and 26.67%
others. In the control group, there were 50% Indians, 33.33%
Chinese, 6.67% Malays and 10% others. All participants
were asked about their exercise habit. In the intervention
group, 16.67% of respondents exercise daily and 83.33% of
respondents do not exercise daily. As for the duration of
exercise of participants, from the 16.67% who exercise daily
in the intervention group, 60% of them exercised for 30-60
minutes daily, 20% exercised <30 minutes and 20%
exercised for more than 60 minutes daily. In the control
group, 70% of participants do not exercise daily. In this
group, 44.44% of those who exercised daily exercised
between 30 to 60 minutes daily followed by 33.33% who
exercised more than 60 minutes and 22.22% who exercised
less than 30 minutes daily. In the intervention group, 50% of
respondents have never meditated before. 16.67% meditated
at least once in 2 weeks, 13.33% meditated at least once
monthly, 10% meditate at least once a week and another 10%
who meditate daily. In the control group, 76.67% have said
that they do not meditate. 16.67% meditate at least once in 2
weeks, 3.33% at least once monthly and 3.33% at least once
in a week. 0% have said that they meditate daily.

Table 1. Participant Demographic Profile.

High Dose Green Tea (n=30)

Low Dose Green Tea (n=30)

Variables n (%) n (%) Total n (%)
Mean (SD) Mean (SD)

Age (years) 22.60 (1.07) 22.63 (1.25)

Gender

M 12 (40.00) 13 (43.33) 25 (41.46)

F 18 (60.00) 17 (56.67) 35 (58.33)

Race

Chinese 8 (26.67) 10 (33.33) 18 (30)

Indian 9 (30.00) 15 (50.00) 24 (40)
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High Dose Green Tea (n=30)

Low Dose Green Tea (n=30)

Variables n (%) n (%) Total n (%)
Mean (SD) Mean (SD)
Malay 5(16.67) 2 (6.67) 7 (11.67)
Others 8(26.67) 3 (10.00) 11 (36.67)
Daily Exercise
Yes 5(16.67) 9 (30.00) 14 (23.33)
No 25(83.33) 21 (70.00) 46 (76.67)
Duration of daily exercise
<30 minutes 1 (20.00) 2(22.22) 3(5)
30-60 minutes 3 (60.00) 4 (44.44) 7 (11.67)
>60 minutes 1 (20.00) 3(33.33) 4 (6.67)
Meditation
Never 15 (50.00) 23 (76.67) 38 (63.33)
At least once monthly 4 (13.33) 1(3.33) 5(8.33)
At least once in 2 weeks 5(16.67) 5(16.67) 10 (16.67)
At least once in a week 3 (10.00) 1(3.33) 4 (6.67)
Daily 3 (10.00) 0 3 (5.0)
Table 2. Patient Demographic Profile (Status of Daily Coffee and Green Tea Consumption of intervention and control group).
Variables High Dose Green Tea (n=30) n (%) Low Dose Green Tea (n=30) n (%) Total n (%)
Daily Green Tea Consumer
Yes 2 (6.67) 1(3.33) 3 (5.00)
No 28 (93.33) 29 (96.67) 57 (95.00)
Daily Coftee Consumer
Yes 4 (13.33) 6 (20.00) 10 (16.67)
No 26 (86.67) 24 (80.00) 50 (83.33)

In Table 2, the total number of samples were 60 participants
with 100% response rate. Participants were asked, in the pre-
intervention questionnaire, on their daily green tea intake. In
the intervention group, 6.67% of respondents have answered
yes for consuming green tea daily and the remaining 93.33%
have responded no. As for the control group, 3.33% have

responded yes and 96.67% have responded no. When asked
about coffee consumption daily, in the intervention group,
13.33% have responded yes and the remaining 86.67% have
responded no. However, in the control group, 20% have
answered yes and 80% have answered no.

Table 3. Effects of High Dose and Low Dose Green Tea on Blood Pressure, Pulse Rate and Reaction Time.

Variable M‘ean (SD) LICTINIDATHGIES t-statistic (df) P-value
High Dose Green Tea (n=30) Low Dose Green Tea (n=30) (95%CI)
Before SBP (mmhg) 119.7 (13.86) 124.0 (13.92) 44 (2810 11.5) 122 (58) 0.228
After SBP (mmhg) 119.1 (13.49) 117.6 (15.78) 15 (9.1 10 6.1) 2039 (58) 0.700
Before DBP (mmhg) 77.6 (6.44) 79.9 (9.42) 2.4 (-1.8106.5) 1.14 (58) 0.261
After DBP (mmhg) 78.8 (11.21) 75.3 (11.08) -3.5(-93102.2) -1.23 (58) 0.224
Before PR (bpm) 77.1 (10.67) 78.2 (11.76) 1.2 (-4.6 t0 67.0) 0.40 (58) 0.689
After PR (bpm) 79.6 (11.19) 78.7 (11.13) 209 (-6.6 t0 4.9) 2030 (58) 0.765
Reaction Time (ms) 405.3 (101.85) 403.6 (101.78) -1.8 (-54.4 t0 50.9) -0.07 (58) 0.947

Table 3 shows the pre-interventional systolic blood pressure
(SBP), post interventional SBP, pre-interventional diastolic
blood pressure (DBP), post-interventional DBP, pre-
interventional pulse rate (PR), post-interventional PR and
also reaction time of two groups which are the high dose
green tea and low dose green tea. The mean value of pre-
interventional SBP of high dose green tea group was 119.7
mmHg with a standard deviation of 13.86 mmHg whereas in
the low dose green tea group, the mean value was 124.0
mmHg with a standard deviation of 13.92. The mean
difference of pre-interventional SBP between the two groups
was 4.4 mmHg, with 95% CI being -2.8 to 11.5 mmHg. The
p value was 0.228, which was not significant. The mean

value of post-interventional SBP of high dose green tea
group was 119.lmmHg with a standard deviation of 13.49
mmHg whereas in the low dose green tea group, the mean
value was 117.6 mmHg with a standard deviation of 15.78.
The mean difference of post-interventional SBP between the
two groups was -1.5 mmHg, with 95% CI being -9.1 to 6.1
mmHg. The p value was 0.700, which was not significant.
The mean value of pre-interventional DBP of high dose
green tea group was 77.6 mmHg with a standard deviation of
6.44 mmHg whereas in the low dose green tea group, the
mean value was 79.9 mmHg with a standard deviation of
9.42. The mean difference of pre-interventional diastolic
blood pressure between the two groups was 2.4 mmHg, with
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95% CI being -1.8 to 6.5 mmHg. The p value was 0.261,
which was not significant. The mean value of post-
interventional DBP of high dose green tea group was 78.8
mmHg with a standard deviation of 11.21 mmHg whereas in
the low dose green tea group, the mean value was 75.3
mmHg with a standard deviation of 11.08. The mean
difference of post-interventional DBP between the two
groups was -3.5 mmHg, with 95% being -9.3 to 2.2 mmHg.
The p value was 0.224, which was not significant. The mean
value of pre-interventional PR of high dose green tea group
was 77.1 bpm with a standard deviation of 10.67 bpm
whereas in the low dose green tea group, the mean value was
78.2 bpm with a standard deviation of 11.76. The mean
difference of pre-interventional PR between the two groups
was 1.2 bpm, with 95% CI being -4.6 to 67 bpm. The p value

is 0.689, which was not significant. The mean value of post-
interventional PR of high dose green tea group was 79.6 bpm
with a standard deviation of 11.19 bpm whereas in the low
dose green tea group, the mean value was 78.7 bpm with a
standard deviation of 11.13. The mean difference of post-
interventional PR between the two groups was -0.9 bpm,
with 95% CI being -6.6 to 4.9 bpm. The p value was 0.765,
which was not significant. The mean value of reaction time
of high dose green tea group was 405.3 ms with a standard
deviation of 101.85 ms whereas in the low dose green tea
group, the mean value was 403.6 ms with a standard
deviation of 101.78 ms. The mean difference of reaction time
between the two groups was -1.8 ms with 95% CI being from
-54.4 to 50.9 ms. The p value was 0.947, which was not
significant.

Table 4. Effects of High Dose and Low Dose Green Tea on self-perceived alertness, relaxation and performance.

. Mean (SD) . .
Variable - Mean Difference (95% CI) T-statistic (df) P-value
High Dose (n=30) Low Dose (n=30)
Alertness 6.8 (1.48) 5.8 (2.46) -1.0 (-2.0t0 0.9) -1.85 (58) 0.070
Relaxation 5.6 (1.83) 5.1(1.98) -0.6 (-1.6 t0 0.4) -1.15 (58) 0.254
Performance 6.8 (1.44) 6.0 (1.77) -0.8(-1.6t0 0.1) -1.89 (57) 0.064

Table 4 shows the mean value with standard deviation, Mean
difference with 95% CI, t value with degree of freedom (df)
and P value for self-perceived alertness, relaxation and
performance for the high dose green tea and low dose green
tea groups. The mean score for alertness for high dose green
tea group was 6.8 with SD of 1.48 whereas for low dose
green tea group was 5.8 with SD of 2.46. The mean
difference for alertness was -1.0 with 95% CI from -2.0 to
0.9 whereas the p value was 0.070, which was not significant.
The mean score for relaxation for high dose green tea group

was 5.6 with SD of 1.83 whereas for low dose green tea
group was 5.1 with SD of 1.98. The mean difference for
relaxation was -0.6 with 95% CI from -1.6 to 0.4 whereas the
p value was 0.254, which was not significant. The mean
score for performance for high dose green tea group was 6.8
with SD of 1.44 whereas for low dose green tea group was
6.0 with SD of 1.77. The mean difference for performance
was -0.8 with 95% CI from -1.6 to 0.1 whereas the p value
was 0.064, which was not significant.

Table 5. Comparison of pre and post systolic blood pressure (SBP), diastolic blood pressure (DBP), and pulse rate (PR) in intervention group (high dose green

tea).
Statistical test: paired t-test
. Mean (SD) . . e
Variables Mean difference (95% CI) t-statistics (df) P-value
Pre (n=30) Post (n=30)
SBP (mmHg) 119.67 (13.86) 119.07 (13.49) 0.60 (-2.82 t0 4.02) 0.36 (29) 0.723
DBP (mmHg) 77.57 (6.44) 78.83 (11.21) -1.27 (-5.34 to 2.80) 0.64 (29) 0.529
PR (bpm) 77.07 (10.7) 79.57 (11.2) -2.50 (-6.18 to 1.18) 1.39 (29) 0.176

Table 5 shows the comparison of pre and post interventional
systolic blood pressure (SBP), diastolic blood pressure (DBP)
and pulse rate (PR) in interventional group of which high
dose green tea was given. The sample size (n) was 30. The
mean of pre-interventional SBP was 119.67mmHg with
standard deviation of 13.86 whereas the mean of post-
interventional SBP was 119.07mmHg with standard
deviation of 13.49. The mean difference of SBP between pre
and post high dose green tea was 0.60, with 95% CI being -
2.82 t0 4.02. The p value was 0.723. There was no significant
difference of SBP pre and post high dose green tea. The

mean of pre-interventional DBP was 77.57mmHg with
standard deviation of 6.44 whereas the mean of post-
interventional DBP was 78.83mmHg with standard deviation
of 11.21. The mean difference of DBP between pre and post
high dose green tea was -1.27, with 95% CI being -5.34 to
2.80. The p value was 0.529. There was no significant
difference of DBP pre and post high dose green tea. The
mean of pre-interventional PR was 77.07bpm with standard
deviation of 10.7 whereas the mean of post-interventional PR
was 79.57bpm with standard deviation of 11.2. The mean
difference of PR between pre and post high dose green tea
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was -2.50, with 95% CI being -6.18 to 1.18. The p value was
0.176. There was no significant difference of PR pre and post

intervention (High dose green tea)

Table 6. Comparison of pre and post systolic blood pressure (SBP), diastolic blood pressure (DBP), and pulse rate (PR) in control group (low dose green tea).

Statistical test: paired t-test

. Mean (SD) . iy
Variables Mean difference (95% CI) t-statistics (df) P-value
Pre (n=30) Post (n=30)
SBP (mmHg) 124.03 (13.92) 117.79 (15.78) 6.43 (1.92 to 10.95) 291 (29) 0.007
DBP (mmHg) 79.93 (9.42) 75.30 (11.08) 4.63 (2.90 to 6.37) 5.46 (29) <0.001
PR (bpm) 78.23 (11.76) 78.70 (11.13) -0.47 (-3.92 t0 2.99) 0.28 (29) 0.784

Table 6 shows the comparison of pre and post interventional
systolic blood pressure (SBP), diastolic blood pressure
(DBP), and pulse rate (PR) in control group of which low
dose green tea was given. The sample size (n)=30. The mean
of SBP pre-intervention was 124.03mmHg with standard
deviation of 13.92 whereas mean of SBP post-intervention
was 117.79mmHg with standard deviation of 15.78. The
mean difference between pre and post-intervention was 6.43,
with 95% CI being 1.92 to 10.95. The p value was 0.007.
There was significant difference of SBP pre and post low
dose green tea. The mean of DBP pre-intervention was
79.93mmHg with standard deviation of 9.42 whereas the

mean of DBP post-intervention was 75.30mmHg with
standard deviation of 11.08. The mean difference between
pre and post intervention was 4.63, with 95% CI being 2.90
to 6.37, The p value was <0.001. There was significant
difference of DBP pre and post intervention (Low dose green
tea). The mean of PR pre-intervention was 78.23bpm with
standard deviation of 11.76 whereas the mean of PR post-
intervention was 78.70bpm with standard deviation of 11.13.
The mean difference between pre and post low dose green tea
PR was -0.47, with 95% CI being -3.92 to 2.99. The p value
was 0.784. There was no significant difference of PR pre and
post low dose green tea.

Table 7. Comparison between high dose green tea and low dose green tea and its adverse effects.

Variable High Dose Green Tea n (%) Low Dose Green Tea n (%) Chi Square (df) P value
Confusion
Present 1 (3.3%) 0 (0%)
1.02 (1 0.313
it 29.(96.7%) 30 (100%) &
Nausea
P t 1 (3.3% 1 (3.3%
resen (3.3%) (3:3%) 0.00 (1) 0.999
Absent 29 (96.7%) 29 (96.7%)
Vomiting
P t 1 (3.3% 0 (0%
resett (3-3%) (0%) 1.02 (1) 0313
Absent 29 (96.7%) 30 (100%)
Dizziness
P t 1 (3.3% 1 (3.3%
resett (3-3%) (3.3%) 0.00 (1) 0.999
Absent 29 (96.7%) 29 (96.7%)
Diarrhoea
P t 1 (3.3% 0 (0%
resen (3.3%) (0%) 1.02 (1) 0313
Absent 29 (96.7%) 30 (100%)
Irritability
P t 2 (6.7% 0 (0%
resen (6.7%) (0%) 2.07 (1) 0.150
Absent 28 (93.3%) 30 (100%)
Tremor
P t 2 (6.7% 0 (0%
resen (6.7%) (0%) 2.07 (1) 0.150
Absent 28 (93.3%) 30 (100%)
Heartburn
Present 2 (6.7%) 0 (0%)
2.07 (1 0.150
Absent 28 (93.3%) 30 (100%) M
Palpitation
Present 4 (13.3%) 1(3.3%)
1.96 (1) 0.161
Absent 26 (86.7%) 29 (96.7%)
Headache
P t 2 (6.7% 0 (0%
resett (6.7%) (0%) 2.07 (1) 0.150
Absent 28 (93.3%) 30 (100%)
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Table 7, the total number of participants of our research were
60 participants with response rate of 100%. A total of 6.7%
of participants experienced headache after consumption of
high dose green tea whereas none of the participants who
consumed low dose green tea experienced headache. The chi
square value was 2.07 and P value was 0.150 which was not
significant. 13.3% of participants experienced palpitation
after consumption of high dose green tea whereas 3.3% of
the participants who consumed low dose green tea
experienced headache. The chi square value was 1.96 and P
value was 0.161 which was not significant. 6.7% of
participants experienced heartburn after consumption of high
dose green tea whereas none of the participants who
consumed low dose green tea experienced heartburn. The chi
square value was 2.07 and P value was 0.150 which was not
significant. 6.7% of participants experienced tremor after
consumption of high dose green tea whereas none of the
participants who consumed low dose green tea experienced
tremor. The chi square value was 2.07 and P value was 0.150
which was not significant. 6.7% of participants experienced
irritability after consumption of high dose green tea whereas
none of the participants who consumed low dose green tea
experienced irritability. The chi square value was 2.07 and P
value was 0.150 which was not significant. 3.3% of
participants experienced diarrhea after consumption of high
dose green tea whereas none of the participants who
consumed low dose green tea experienced diarrhea. The chi
square value was 1.02 and P value was 0.313 which was not
significant. 3.3% of participants experienced dizziness after
consumption of high dose green tea whereas 3.3% of the
participants who consumed low dose green tea experienced
dizziness. The chi square value was 0.00 and P value was
0.999 which was not significant. 3.3% of participants
experienced vomiting after consumption of high dose green
tea whereas none of the participants who consumed low dose
green tea experienced vomiting. The chi square value was
1.02 and P value was 0.313 which was not significant. 3.3%
of participants experienced nausea after consumption of high
dose green tea whereas 3.3% of the participants who
consumed low dose green tea experienced nausea. The chi
square value was 0.00 and P value was 0.999 which was not
significant. 3.3% of participants experienced confusion after
consumption of high dose green tea whereas none of the
participants who consumed low dose green tea experienced
confusion. The chi square value was 1.02 and P value was
0.313 which was not significant.

4. Discussion

In this research, our main objective was to find out the acute
effects of green tea consumption on alertness, blood pressure

and pulse rate among MBBS students of Melaka Manipal
Medical College which was a randomized control study.

For the analysis of our result, for high dose green tea, the
mean difference of SBP between pre and post intervention
was 0.60mmHg, 95% CI (-2.82 to 4.02), p value (0.723). The
mean difference of DBP between pre and post intervention
was -1.27mmHg, 95% CI (-5.34 to 2.80), p value (0.529).
For low dose green tea, the mean difference of SBP between
pre and post intervention was 6.43mmHg, 95% CI (1.92 to
10.95), p value (0.007). The mean difference of DBP
between pre and post intervention was 4.63mmHg, 95% CI
(2.90 to 6.37), p value (<0.001). The mean difference of
reaction time between the high dose and low dose green tea
groups was -1.8ms, 95% CI (-54.4 to 50.9), p value was
0.947.

It showed that, there was no significant influence of
consumption of high dose green tea on the blood pressure
and pulse rate in the high dose green tea group. This differs
from our hypothesis that there will be a decrease in the blood
pressure and pulse rate of the participants 15 minutes after
the consumption of high dose green tea. However, in the
control group, a significant reduction was seen in the systolic
and diastolic blood pressure of participants after consuming
the low dose green tea, but no significant difference was seen
in pulse rate after consuming the low dose green tea. As for
the alertness level (mean reaction time), there was no
significant difference seen between the high dose green tea
and low dose green tea group. This result also contradicts our
hypothesis that the alertness level in people who consumed
high dose green tea will be higher than those who consumed
low dose green tea.

As for self-perceived alertness, relaxation and performance in
the reaction time test, it was found that there was no
significant difference between intervention and control
group. In addition, the adverse effects experienced by the
participants from both the groups were also not significant.

In a previously conducted study on the effect of matcha green
tea, in drink and snack bar formats, on mood and cognitive
performance, [11] within the drink formats (matcha green tea
versus placebo tea), reaction time in the matcha green tea
group were significantly faster compared to the placebo
group. Various other studies have also proven that green tea
promotes alertness levels. [20, 21, 25-28] This was contrary
to our study results where the reaction time of intervention
group was not significantly faster compared to the control
group. Other than that, in a meta-analysis of 13 randomized
controlled trials on the effect of green tea consumption on
blood pressure, [29] a significant reduction in SBP and DBP
was observed in subjects supplemented with green tea when
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compared with control subjects. Another study also proved
that green tea lowers blood pressure. [18] These 2 studies
also contradicted our study result. Regarding pulse rate (PR),
our study did not reveal any significant changes after the
consumption of green tea which, was contrary to a previous
study which concluded that green tea has a strong effect on
heart rate (i.e., it decreases the heart rate in normotensive
female individuals and increases heart rate in the
normotensive male individuals). [30]

This study had various limitations which needs to be
acknowledged, such as the setting of the study itself. The
study was conducted in a lecture hall and the alertness could
have been affected due to the common distraction in the
lecture hall, such as noise and interruption from other peers.
Another major limitation of this study was the number of
participants. The number of participants should be increased
to obtain a significant finding. This was not achievable
because it was difficult to get volunteers to participate in this
study. Many were reluctant to spend time on this study while
others deemed green tea unpalatable. Medical students from
Melaka campus could not be included as they were having
examinations. Due to all these shortcomings, this study had
been limited to only 60 participants and this may have
contributed to not achieving any significant result difference
between the low dose green tea group and high dose green
tea group. Furthermore, there was no exact previous research
done on the same settings and variables tested which lead to
no validated questionnaire and medico-related tests available
to be used in this study. Our study focused on immediate
effects of green tea, whereas previous studies generally
focused on long-term but not the immediate effects of green
tea.

For future studies, it is recommended that the research is held
for a longer period of time with multiple sessions of
assessment to get a more accurate result. Besides, it is also
recommended to include more participants in this study. This
may contribute to the effectiveness of the study conducted
along with the variables tested. It is also advised to take
average of several readings of blood pressure and pulse rate
instead of taking a single reading. Other variables can also be
included and tested in the future such as the effects of green
tea on alertness (other than the reaction time), sleep quality,
etc.

5. Conclusion

Based on the study done, it can be concluded that green tea in
low doses does have some immediate effect on the
individual’s blood pressure and alertness (lowers blood
pressure and increases alertness), but not pulse rate.
However, high doses of green tea do not have significant

immediate effects on the individual’s blood pressure,
alertness and pulse rate. The results may have been
influenced by other factors like systematic errors and
confounding factors such as caffeine levels difference
between high dose green tea and low dose green tea
preparations. However, it is best advised to conduct further
studies for more accurate results.
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