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Abstract

A comparison of the relative effect of foods rich in flavonoids (green tea and dark chocolate) on the
cardiovascular system of long-term smokers with Stage 1 hypertension has found to reduce systolic blood
pressure by 7.4 mmHg and diastolic blood pressure by 6.2 mmHg. Long-term smokers (p=0.05) can see their
blood pressure reduced by the benefit effect of food rich in flavonoids .
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Introduction

Based on the analysis of current literature, we found a statistically significant relationship between the
consumption of dark chocolate and a correlating decrease in blood pressure. Chemicals called
phytonutrients, or better described as a type of phytonutrient called flavonols, could easily act through
complex pathways to mediate this effect [1].

Researchers say the blood pressure-lowering effects of antioxidants appeared to affect the endothelium, the
innermost layer of arterial blood vessels that expands and contracts in response to blood flow [2].

"They produced less of the substances that constrict arteries and more of the substances that dilate [expand]
the arteries," says researcher Peter Rohdewald, Ph.D, retired professor of pharmaceutical chemistry at the
University of Miinster in Germany. "That recovery of the function of the endothelium is probably the most
beneficial effect for the patients" [3].

Dark chocolate can have a therapeutic effect on hypertension [4]. However, green tea may not have as
profound a clinical effect on hypertension as dark chocolate, but it may have a significant effect on cancers
[5]. While green tea may not help in chronic hypertension cases, it may help preclude hypertension in the
first place. Furthermore, well-statistically-powered studies elucidate that habitual green tea consumption is
much more helpful than random green tea consumption in preventing hypertension as well as other co-
morbities [6]. Interestingly, some of this healing property may be from caffeine [7]. Thus, many different

. types of tea may confer similar benefit.
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Dark chocolate may induce a greater decrease in blood pressure than chocolate with less cocoa and
flavonoids [4]. With both tea and chocolate, this may have to do with the substances in the products that are
actually decreasing the blood pressure.

A meta-analysis conducted by Eric Ding of Harvard Medical School, involved the analysis of 24 chocolate
studies involving 1,106 people. It found that dark chocolate, the kind that contains at least 50 to 70% cocoa,
lowered blood pressure in all participants, but most notably in those with hypertension.

Currently, no research has been conducted to investigate the cumulative effect of green tea and dark
chocolate. This study’s objective is to determine whether the combination of chocolate and green tea can
cause a decrease in the blood pressures of chronic hypertensive smokers.

Materials And Methods

How to cite this article
Gonsalves E, Bélanger-Lemay J, Naidu N (October 20, 2012) The Effects of Flavonoids on Blood Pressure in Smokers with Hypertension . Cureus
4(10): e63. DOI 10.7759/cureus.63


https://www.cureus.com/users/5850-enrico-gonsalves
https://www.cureus.com/users/5883-jeanne-evelyne-b-langer-lemay
https://www.cureus.com/users/10619-nataraj-naidu

Cureus

The null hypothesis (Hg)

In this study, the null hypothesis (H) states that there is no difference in blood pressure between smokers

having a diet rich in flavonoids and smokers who do not have a diet rich in flavonoids.

The alternate hypothesis (Hp)

The alternate hypothesis states that there is a change in blood pressure in long-term smokers that have a
diet rich in flavonoids.

Participants in the study were compromised of 40 residents of the Island of Bonaire who have been smoking
at least one pack of filtered cigarettes per day for six or more years. Research subjects (ideal) were further
screened to include those that were hypertensive (BP > 140/90).

Experimental group

This group constituted of twenty participants. These subjects were required to drink a cup of green tea once
a day, along with the additional requirement of eating 10g of dark chocolate that contains 86% of cocoa
“Cote d'Or” dark chocolate. This group had blood pressure measurement taken once a week for four

weeks. The chocolate and tea required by the participants were provided by the experimenters once a week.

Control group

This group also had 20 participants, who also had their blood pressure measured once a week for four weeks.
No chocolate or green tea was given to this group.

As population variances are unknown but assumed equal, a paired sample T-test was performed to compare
the means of the differences in blood pressure. Separate sample T-tests were performed for the changes in
diastole and systole blood pressure. The data used for the tests was garnered from taking the differences in
systole and diastole blood pressures from week 0 to week four (week 0 data — week four data), week 0 data
being the pre-experiment blood pressure measurements from the experiment group.

Systole Blood Pressure Analysis:

* Mean for Experiment Group = 7.4 (systole decreases by 7.4mmHg)
* Mean for Control Group = 0.6 (systole decreases by -0.5 mmHg)

* Standard Deviation for Experiment Group = 1.95744194

* Standard Deviation for Control Group = 3.647638025

* Pooled Variance = 8.565

* Degrees of Freedom = 38

*p=0.05

* Teritical = 2-024

Tealculated = 7-55

Reject Null as T ycylated IS greater than T yitical

Diastole Blood Pressure Analysis:

* Mean for Experiment Group = 6.2 (diastole decreases by 6.2mmHg)
* Mean for Control Group = - 0.3 (diastole increased by 0.3 mmHg)
* Standard Deviation for Experiment Group = 5.032525786

* Standard Deviation for Control Group = 4.219004622

* Pooled Variance = 21.5635
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* Degrees of Freedom = 38
*p=0.05

* Teritical = 2.024
* Tealculated = 4-4377

Reject Null as T¢ajcylated is greater than T igical

Results
Measurements and screening

Participant Week 0 Bp Week 1 Bp Week 2 Bp Week 3 BP Week 4 Bp
1 140/100 142/102 143/102 133/90 130/84
2 142/102 141/100 138/90 130/83 132/84
3 140/90 140/90 138/88 135/84 135/85
4 140/90 142/98 140/90 134/98 132/85
5 138/89 136/88 134/86 132/84 130/82
6 138/84 136/84 136/84 130/80 128/80
7 138/90 136/88 135/88 130/88 128/84
8 135/85 132/85 132/82 128/82 126/82
9 138/88 136/88 134/88 130/80 128/78
10 140/90 140/90 138/98 134/98 134/85
11 138/78 138/80 135/82 135/83 132/83
12 141/90 140/88 138/88 138/87 136/84
13 138/88 138/90 132/86 134/84 132/80
14 140/88 140/88 138/84 134/84 132/84
15 134/84 134/86 132/86 128/85 128/82
16 140/92 140/92 142/92 138/78 134/84
17 128/86 124/88 125/84 122/82 122/82
18 140/90 140/90 138/88 134/98 132/85
19 130/80 132/84 128/84 132/80 126/78
20 136/90 136/88 137/88 130/78 130/78

TABLE 1: Experiment Group Data
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Participant Week 0 Bp Week 1 Bp Week 2 Bp Week 3 BP Week 4 Bp
1 145/88 146/86 144/90 144/90 144/92
2 145/100 144/88 142/88 146/100 144/88
3 135/88 138/90 136/92 138/92 136/94
4 146/88 146/84 142/88 146/90 144/90
5 145/94 146/98 148/92 140/88 142/86
6 140/86 138/84 138/82 138/80 136/84
7 146/84 144/88 142/86 144/84 142/86
8 140/86 138/88 136/86 134/88 134/90
9 138/84 138/86 138/84 136/84 138/84
10 130/92 134/88 132/94 134/90 134/90
11 134/86 134/88 134/88 133/90 132/90
12 138/90 134/88 134/92 130/88 130/88
13 144/86 146/92 146/94 144/92 146/90
14 134/90 138/94 138/94 136/88 134/90
15 136/88 134/90 132/88 130/86 134/88
16 138/88 138/90 140/88 140/88 138/88
17 140/88 140/86 144/88 146/90 148/90
18 134/90 136/92 138/88 136/90 138/92
19 138/88 142/86 142/86 140/86 140/88
20 140/96 138/94 136/98 140/96 140/98

TABLE 2: Control Group Data
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Changes Systole Changes Diastole Changes Systole Changes Diastole
10 16 1 -4
10 18 1 12
5 5 -1 -6

8 5 2 -2

8 6 3 8
10 4 4 2
10 6 4 -2

9 3 6 -4
10 2 0 0

6 5 -4 2

6 -5 2 -4

7 6 8 2

6 8 -2 -4

8 8 0 0

5 2 2 0

6 8 0 0

6 8 -8 -2
8 5 -4 -2
4 2 -2 0

6 12 0 -2

Mean 7.4 6.2 Mean 0.6 -0.3
Standard Deviation 1.95 2.03 Standard Deviation 2.64 2.21

TABLE 3: Difference in Systole and Diastole Pressures in Experiment and Control Groups

Discussion

We can safely reject the null hypothesis that states that there is no difference in blood pressure between
smokers having a diet rich in flavonoids and smokers who do not have a diet rich in flavonoids. However, we
can only reject the null hypothesis with regards to systolic blood pressures as the p \cajculated Value for

diastole is less than the Tgyjtical-

Research needs to be conducted to determine the agents and their mechanism of action which result in
decreasing hypertension when people eat flavonoids. Current research indicates that the hypotensive effect
may be because plasma markers of vasodilating substances increase when people ingest chocolate. Nitric
oxide may be the main mediator of such affects. Caffeine mimics adenosine or CAMP. Caffeine will cause
hyperpolarization of smooth muscle cells and the flavonoids act on N-oxide cyclic GMP-cytoslic. We would
expect them to have a synergistic effect. Caffeine causes most of its “biological effects via antagonizing
adenosine receptors which are A1, A2A, A3, and A2B. The mechanism of action could also be more complex
because so many things are changed, including blood lipids, blood glucose levels, and insulin sensitivity
[13].

A further study is warranted to differentiate between the effects of dark chocolate and green tea. Chocolate
may have a larger effect on blood pressure than green tea, but its high calorie content limits its therapeutic
use in clinical hypertension often occurring with obesity, compared to green tea [14]. Yet, meta-analysis

does show chocolate reduces blood pressure and the clinical implication of this should be further explored.
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Experiment concerns

Attrition was the primary concern for this study, i.e. subjects of the testing group are not necessarily going to
consume adequately the amount of dark chocolate and green tea. While it is hard to control the amount of
tea or chocolate consumed per day, the accessibility to tea and chocolate was limited to ensure continued
participation in the study.

While the experimenters mentioned to the participants in the control group not to consume green tea or
dark chocolate, there is no way to be a hundred percent sure that the participants in the control group did
not take any dark chocolate or green tea.

Also, it was impossible to discount any bias that may have come from experimenter expectancy as there was
no way to disguise the control group from the experiment group. Experimenter expectancy could have
occurred if the participants in the experiment group started to exercise or do anything else to reduce their
blood pressure. We discounted expectancy by adequately surveying the participants for lifestyle changes.

Conclusions
N/A

Additional Information
Disclosures

Human subjects: Consent was obtained by all participants in this study. St. James School of Medicine
issued approval N/A. Animal subjects: All authors have confirmed that this study did not involve animal
subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors
declare the following: Payment/services info: All authors have declared that no financial support was
received from any organization for the submitted work. Financial relationships: All authors have declared
that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.
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