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ABSTRACT

High-fruit and high-vegetable diets are known to have ameliorating effects on many
diseases and their complications. The objective of this study was to assess the effects
of high fruit and high vegetable diets on the electrolytes and blood pressure of
hypertensive patients. This experimental study was conducted at Olabisi Onabanjo
University Teaching Hospital (formerly Ogun State University), Ogun state, Nigeria.
Twenty five hypertensive volunteers from among hypertensive clinic attendees were
recruited into the study. They were taught how to prepare two serves of vegetables
and fruit (approximately 500g diced fruit salad) per day and were encouraged to
consume the serves on daily basis from week one through to week ten. Baseline and
bi-weekly assessment of plasma electrolytes, such as sodium, potassium, chloride and
bicarbonate was carried out on the patients. Anthropometric measurements and blood
pressure were also assessed biweekly on the patients during their routine clinic
attendance.

There was a gradual reduction in plasma sodium and chloride concentrations as well
as the blood pressure which became significant in week ten. The mean baseline
plasma sodium reduced significantly from 139.0 £ 0.9mmo/L to 137.5 + 0.9mml/L, P
< 0.001 after ten weeks of high fruit and high vegetable diets. Plasma chloride also
reduced from baseline value of 103.2 + 2.5mmol/L to 98.8 = 0.7mmol/L, P < 0.0001.
But the plasma potassium improved from 3.64 + 0.2mmol/L at baseline to 3.9 +
0.4mmol/L at week ten, P = 0.0357. The mean systolic blood pressure also dropped
from the baseline value of 155.3+ 7.6mmHg to 141 + 2.4 mmHg, P < 0.0001. Also
reduced was the mean diastolic blood pressure from 89.3 +£ 7.6mmHg to 88.0 + 2.4, at
week ten. However, the plasma bicarbonate and BMI did not charge significantly
throughout the study period.

High-fruit and high-vegetable diets appear to have an ameliorating effect on the blood
pressure of hypertensive patients. This may be beneficial and complementary in the
management of hypertension.
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INTRODUCTION

Epidemiologic data support the association between high intake of vegetables and
fruits and low risk of chronic diseases[1]. There are several biological plausible
reasons why consumption of vegetables and fruits might slow or prevent onset of
chronic diseases. Vegetables and fruits are rich sources of a variety of nutrients
including vitamins, trace minerals and dietary fiber and many other classes of
biologically active compound, which may include antioxidants [2]. To date,
intervention studies of disease prevention with fruits and vegetables or both in
Africans are rare. It is important to determine if fruit and vegetable diets are
associated with lowering of blood pressure and other compounding risk factors for
cardiovascular complications. The objective of this paper is to examine the effects of
fruits and vegetables on the electrolytes and blood pressure of hypertensive patients
seen in Sagamu, (a city with total population of 127500) in Ogun State of Nigerian.

PATIENTS AND METHODS

It was an experimental study (a single group quasi-experimental design) on the effects
of high vegetable and high fruits diets on the electrolytes of hypertensive patients.
Twenty-five hypertensive patients were randomly recruited from the cardiovascular
clinic of Olabisi Onabanjo University Teaching Hospital (OOUTH) in Nigeria that
has 20% prevalence of hypertension [3]. All registered hypertensive patients of the
clinic that met the criteria were eligible to participate in the study. The criteria for
selection were patients who have earlier been diagnosed as hypertensive patients on
non diuretic drug treatment. Hypertension was defined as diastolic blood pressure >90
mmHg and systolic blood pressure >140 mmHg[4]. Patients with diseases that could
affect vascular resistance such as diabetes mellitus infections and overt renal diseases
were excluded. Also excluded were patients on diuretic therapy. Patients were
educated on the purpose of the research work and they all consented, after ethical
approval was obtained from the institution.

Baseline data collection included medical history, dietary history, standardized
medical examination, and anthropometric measurements of the patients. Blood
pressure, body weights and heights were obtained with the use of standard protocols
as in other related studies [5,6]. The subjects were trained to include into their usual
food consumption edible portion of fairly ripe fruits (banana, pawpaw, grape fruits,
tangerine and pineapple). These fruits were diced mixed together in equal weight
fruits salad [7]. Two servings of the fruit salad (each measuring 100g) were given per
day. Edible green leafy vegetable including fluted pumpkin leaf, spinach and water
leaf were diced and given also in 100g portion per day after moderate cooking; a daily
total of 500g both fruits and vegetables, as earlier documented by Adebanwo et al[7].
This supplementation of the normal diet of the hypertensive subjects with fruits and
vegetables was carried out for ten weeks. Blood pressure, electrolytes and Body mass
index (BMI) were assessed every two weeks during the study. The measured
electrolytes were sodium, potassium, chloride and bicarbonates. Blood pressures were
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measured with standard sphygmomanometer. Two seated blood pressure
measurements were taken for each subject and spaced two minutes apart. All
measurements were performed on the left arm by using the appropriate cuff size.
Weights kg) and heights (m) were measured as earlier documented by Idogun et al
[8]. BMI were calculated using the formula of Garrow and Webster [9]. Sodium and
potassium were measured in plasma using a flame photometer [10]. Bicarbonate and
chloride were measured by simple titration methods [10].

Fifteen out of the initial 25 patients recruited for the study satisfactorily completed the
study that lasted for a total duration of six months. Statistical analysis was by
computer soft ware; Instat graph pad V2.05a. Student 2 tail ‘t’ test was used for
statistical comparison, at 95% CI.

RESULTS

The mean age of the patients was 64.13 + 1.24, 8(53.3%) were males and females
were 7(47.3%). Table I shows the mean baseline values of all the assessed variables
and their biweekly changes. Plasma sodium concentration was significantly reduced
from 139 + 0.8mmol/L (baseline concentration) to 137.5 + 0.9mmol/L (10™ week
concentration) P < 0.0001 (‘t’ test). Potassium concentration changed significantly
from 3.6 £ 0.2mmol/L to 3.9 £ 0.4mmol/L, P = 0.0357, after 10™ week. The mean
plasma chloride reduced significantly from baseline value of 103.2 + 2.5mmol/L to
98.8 £ 0.7mmol/L by the 10™ week of the study, P< 0.0001 (‘t’ test). Similarly, the
mean systolic blood pressure of 155.3 £ 7.6 mmHg at baseline was higher than the
week ten mean blood pressure of 141.3 = 4.3mmHg, P< 0.0001. Mean diastolic blood
pressure at week ten was lower than the baseline diastolic blood pressure; 88.0 + 2.4
mmHg and 89.3 £ 7.6 mmHg respectively, P = 0.5365, although not significant
statistically (‘t” test). However, the BMI did not change significantly from baseline
through to week ten, table II.

DISCUSSION

Vegetables and fruits are rich sources of vitamin C, vitamin E, folic acid, and the
vitamin A precursor beta-carotene. Epidemiologic studies often report an inverse
association between these specific vitamins as well as vegetables and fruit intake and
disease risk [11,12].

Our study showed systolic and diastolic (although statistically not significant) blood
pressure reduction in hypertensives placed on high vegetables and fruit diets. This is
similar to findings in other studies [13, 14, 15]. Extensive studies of phytochemicals
in cell-culture systems and animal models have provided a wealth of information on
the mechanism by which a diet high in fruits and vegetables may lower the risk of
chronic disease in humans [16]. The mechanism of actions through which fruits and
vegetables reduced blood pressure, is that they are a rich sources of a variety of
nutrients, including vitamins, trace minerals and dietary fibers and many other classes
of Dbiologically active compounds [16]. These phytochemicals can have
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complementary and overlapping mechanisms of action, including modulation of
detoxification enzymes, stimulation of the immune system, reduction of platelet
aggregation[5], modulation of cholesterol synthesis, hormone metabolism and
reduction of blood pressure, antibacterial and antiviral effects[16].

In our study, there is reduced level of plasma sodium and chloride, which could
explain the lowered systolic and diastolic blood pressure after ten weeks of dietary
supplement with vegetables and fruits treatment seen in our patients. Blood pressure
control is important for the prevention of complication of hypertension such as heart
disease, kidney disease and stroke. One of the major biochemical changes in
hypertension is imbalances in the renin-angiotensin system, which increases sodium
and chloride retention in the body. It has long been established that a low salt diet
may have a beneficial role in the control of high blood pressure. We hypothesized that
high fruits and vegetables diets help in renal excretion of sodium and chloride ions.
Changes in the ecosystem and the sudden explosion and popularity of refined food
product in our society, means that the natural food components such as fibers,
magnesium, vitamin C, vitamin E and beta-carotene may now be deficient in our
diets. Lower intakes of fat and higher intakes of dietary fiber and minerals such as
potassium and magnesium are aspects of a high-vegetable, high-fruit diets believed to
reduce blood pressure [14, 15,16]. The result of our study clearly agrees with these
other studies [13, 14,15,16].

Famodu et al have also demonstrated similar beneficial role of high-vegetable, high-
fruit diets in the control of cardiovascular risk factors [5, 6,17]. Drug management of
hypertension and its complications is expensive especially to the poor in our society.
The electrolyte effects and the blood pressure lowering effects of high-fruit, high-
vegetable diets may serve as important complementary role in the treatment and
prevention of hypertension in our community.

Limitations of the study:

Sample size calculation using 95%CI, 0.05 precision and 20% prevalence of
hypertension in Nigeria is much higher than 25; eligibility criteria excluded many
prospective participants. Among those who started the study, some of the patients lost
motivation and were allowed to voluntarily withdraw from the study. Some patients
complained of loose stools and were also advised to withdraw so also were patients
whose blood pressure control required diuretic therapy. A healthy control group was
not feasible because of cultural and ethical issues. However those who completed the
study did not differ significantly from those that dropped out, thus our findings are
valid and relevant for further investigations.

CONCLUSION

We report the positive effects of high-vegetables and high-fruits diets on the
electrolytes and the B.P of hypertensive Nigerians. We are of the opinion that this
finding could play a complementary role in the management and prevention of
hypertension.
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Table 1: A profile of the clinical parameter from Baseline to week 10.

Second  Fourth  Sixth Eight Tenth
Parameter Baseline  week week week week week
Sodium 139.0 139.0 138.4 137.4 137.4 137.5
(mmol/L) +0.9 +4.1 +1.0 +1.2 +11.0 +0.9
Potassium 3.6 3.7 38 3.7 3.8 39
(mmol/L) +0.2 +0.3 +0.2 +0.2 +0.2 +04
Chloride 103.2 102.1 102.1 101.6 98.7 98.8
(mmol/L) +2.5 +2.6 +2.6 +2.7 +0.7 +0.7
Bicarbonate 25.4 25.8 25.6 26.1 25.7 25.6
(mmol/L) +0.3 +0.5 +0.5 +0.5 +0.5 +04
Systolic B.P 155.3 152.7 151.33 149.33 141.3 143.3
(mmHg) +7.6 +64 +3.6 +6.2 +3.9 +43
Diastolic B.P  89.33 90.7 94.7 86.7 86.0 86.0
(mmHg) +7.6 +3.3 +3.2 +3.3 +34 +2.4
BMI 25.5 25.6 25.7 259 26.2 25.8
(kg/m?) +14 +14 +1.4 15 +1.5 15

All averages are means + standard deviations.
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Table2: A comparison of the clinical parameters between baseline and 10™
week values.

Parameter Baseline Tenth week P-value S/NS
Sodium 139.0 137.5 P <0.0001 S
(mmol/L) + 0.9 0.9

Potassium 3.64 39 P=0.0357 S
(mmol/L) +0.2 04

Chloride 103.0 98.8 P=<0.0001 S
(mmol/L) +25 +0.7

Bicarbonate 254 25.6 P=0.1339 NS
(mmol/L) +0.3 +04

Systolic B.P 155.3 141.3 P =<0.0001 S
(mmHg) +7.6 +43

Diastolic B.P 89.3 86.000 P=0.5365 NS
(mmHg) +7.6 +24

BMI 25.5 25.8 P=04696 N/S
(kg/m?) +1.4 +1.5

All averages are means * standard deviations.

N:B. S = Significant statistically
NS = Not significant statistically
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