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ABSTRACT

Objective: The objective of this study was to evaluate the effect of whole red grape juice (juice) on blood
pressure (BP) at rest and on the magnitude of post-exercise hypotension (PEH).

Methods: This double-blind, randomized controlled study was performed with 26 individuals with
hypertension (40 to 59 years old) who were divided into experimental (n = 14) and control (n = 12)
groups. Subsequently, the experimental group was subdivided according to the initial BP values. The
subjects performed 2 sessions of aerobic exercise on a treadmill (60 minutes, 60%-85% maximum heart
rate), separated by a 28-day period of supplementation with a daily dose of juice (150 ml for men and
100 ml for women) or a control drink. BP was measured before, during, and immediately after each
exercise session as well as every 10 minutes during the 60-minute post-exercise recovery period.

Results: The BP at rest did not change in the experimental group, but when this group was subdivided by
initial BP, the subjects with controlled initial BP (EGCP) achieved a significant reduction (133.3 &+ 5.6 to
114.6 =+ 12.2 mmHg, p = 0.02); in contrast, the experimental group with borderline hypertensive BP values
(EGBP) did not. Intervention with juice did not modify PEH in the experimental group, but when this group
was divided as a function of the initial BP, PEH was potentiated at some times in EGCP.

Conclusions: We conclude that juice promotes a reduction in BP at rest and is also capable of improving
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PEH in individuals with hypertension, but these effects are dependent on the initial BP values.

Introduction

In addition to its high global prevalence of more than 30%, sys-
temic arterial hypertension is still considered a difficult-to-con-
trol disease [1]. Pharmacological monotherapy results in low
rates of control of this disease, requiring the combination of 2
or more drugs for the treatment to be effective [2-6]. Pharma-
cological multi-therapy, which includes physical activity and
nutritional adequacy, is recognized for significantly increasing
hypertension control rates [7-10].

Physical exercise promotes a reduction in blood pressure
(BP) at rest after a few weeks of training [2], and even a single
exercise session alone results in a decrease in BP that lasts for
several hours after the end of the exercise, a phenomenon called
post-exercise hypotension (PEH) [11]. The postulated mecha-
nisms for this BP reduction are a reduction in peripheral vascu-
lar resistance, reduction in cardiac output, release of
vasodilatory substances [12-16], increase in histamine activity
[17], reduction in sympathetic nerve activity [18], and possible
improvement of the antioxidant system [19].

Similarly, dietary plans, such as the DASH (Dietary Approaches
to Stop Hypertension) diet proposed by the National Heart, Lung,
and Blood Institute of the United States, and several specific foods
are known to promote BP reduction [20]. Among these foods, pur-
ple grapes and derivatives have shown a high capacity to reduce BP

in animal models and in a human hypertension model [21-25];
this effect is attributed to their rich polyphenol composition, with
the main component being flavonoids, which have vasodilator [26]
and antioxidant [27] properties, allowing these foods to exert
effects similar to those of moderate and regular physical exercise.
One of the red grape species stands out due to the presence of 23
antioxidant substances distributed in phenolic compounds (total-
ing 1.82 g/L) and anthocyanins (52.8 mg/L), with antioxidant activ-
ity quantified in 1.16 pmol EAG/ml substances [28]. Despite this
antioxidant capacity of the grape, few studies have shown the hypo-
tensive capacity of this food in humans [23,24]. In addition, several
studies have shown that various other foods like cocoa [29], green
tea [30], chia [31], and watermelon [32,33] reduce BP.

Even in subjects previously practicing physical exercise, an
intervention with red grape juice promotes BP reduction [28],
which supports the hypothesis that grape juice and exercise can
act synergistically to potentiate the hypotensive response.
Despite this possibility, to date, no research group has reported
that grape-derived products can influence PEH. The initial BP
values before exercise and modality and intensity of training
strongly influence the magnitude of PEH [34,35] and the
chronic reduction caused by antihypertensive treatment [36].
The influence of extrinsic factors on the exercise protocol in BP
reduction has rarely been explored in this line of research.
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Therefore, the objective of this study was to evaluate
whether a nutritional intervention with whole red grape juice
intake is able to promote a reduction in BP at rest of individuals
with hypertension previously practicing physical exercise and
to increase the magnitude of the hypotension generated after
an aerobic exercise session.

Materials and methods
Study subjects and ethical issues

The study was performed with 26 middle-aged individuals with
hypertension (40 to 59 years old) of both sexes. The subjects were
randomly divided into an experimental group (EG; n = 14, 9
females, 51.1 & 4.3 years) and a control group (CG; n = 12, 8
females, 53.3 & 4.0 years). For inclusion criteria, all individuals
should be diagnosed with systemic arterial hypertension, be on
drug therapy, have controlled BP (less than 140/90 mmHg), and
regularly practice aerobic physical activity (e.g., walking, dancing)
at least 3 times a week. Volunteers could not be diabetic, meno-
pausal (women), a smoker or an alcoholic, or regular consumers of
red grapes or their derivatives. For exclusion criteria, volunteers
who did not perform all of the exercise sessions, did not consume
the grape juice in the right amount and time, and/or modified their
dietary patterns during the study period to begin consuming grapes
were excluded from the study.

The project was approved by the human research ethics
committee of the Lauro Wanderley University Hospital, Fed-
eral University of Paraiba (Universidade Federal da Paraiba-
UEFPB), under protocol number 625/10. The subjects freely
signed an informed consent form according to resolution 466/
12 of the National Health Council.

PANEL A: Experimental protocol

Study design

The study was an experimental, randomized controlled study.
Individuals with hypertension performed 2 sessions of aerobic
exercise separated by a period of 28 days of supplementation
with a daily dose of whole red grape juice or control. BP meas-
urements at rest were performed before and 48 hours after
completion of the supplementation protocol. Other BP meas-
urements were taken before and immediately after the exercise
sessions and every 10 minutes during the 60-minute recovery
period following the exercise sessions (Figure 1).

In addition to the analysis comparing the EG vs CG groups,
the possibility that results could be influenced by previous BP
values was tested by subdividing the EG into 2 subgroups: an
EG with a BP above the ideal (120/80 mmHg) and below the
borderline (140/90 mmHg) values (EGBP; n = 8) and an EG
with controlled BP (EGCP; n = 6), composed of volunteers
with an initial BP equal to or less than 120/80 mmHg. CG
(n = 12) was the only group with controlled BP with values
between 120 and 140 mmHg and between 80 and 90 mmHg
for the systolic and diastolic components, respectively.

Nutritional intervention

EG subjects performed a 28-day supplementation protocol with
whole red grape juice made from American burgundy and Isa-
bella grapes (100 ml/day for women and 150 ml/day for men)
at night. The CG had no nutritional intervention.

The juice was given to the volunteers on the first day of the
study in the right amount for 28 days. A measured glass was
also provided to facilitate ingestion of the correct volume of
juice. To encourage consumer loyalty, the researchers made

Supplementation protocol 28 days

Exercise
session 1

PANEL B: Physical exercise session

Exercise
session 2

Rest
(10 minutes)

Physical Exercise (60 minutes)

Post-exercise recovery (60 minutes)

Measurements of SPE
and HR every 10 minutes

Measurement of BP

every 10 minutes

Volunteer

arrival

Measurement of

End of exercise

Resting HR and Resting BP

Start of physical
exercise

Measurement of
SPE

Figure 1. (A) Experimental protocol and (B) details of the physical exercise sessions of the study.



phone calls and sent SMS messages daily to the volunteers at an
agreed-upon time. At the end, the volunteers returned the juice
bottles so that the amount consumed and the amount left in
the bottle were checked. Those who reported having shared the
volume with other people or not consuming the full volume
were excluded from the study.

The nutritional behavior of the volunteers was verified
through a 24-hour dietary recall [37-39] before and at the end
of the nutritional intervention period. This recall was per-
formed 3 times for each individual, with 2 recalls to represent
weekday food consumption and one recall representing week-
end food consumption. For food adequacy analysis, the values
obtained were compared with those recommended by the die-
tary reference intakes [40]. This instrument was applied and
evaluated by a nutritionist using Avanutri Revolution software
version 4.0 (Avanutri Informatica Ltda, Rio de Janeiro, Brazil).
After the first evaluation, all subjects were instructed not to
modify their eating patterns, with an emphasis on not consum-
ing grapes and their derivatives. In addition, the subjects
received a list of caffeine-rich foods and were instructed not to
consume them in the 48 hours preceding the experimental
exercise sessions.

BP measurements

Before supplementation began, BPs at rest were recorded
according to the protocol proposed in the Sixth Brazilian
Guidelines for Hypertension [41] regarding prior preparation
for BP measurements. The volunteers were instrumented with
a Welch Allyn aneroid apparatus (New York) after 10 minutes
of rest. Three BP measurements were performed and the 2
most similar values were considered.

After this procedure, the volunteers performed the experi-
mental sessions of physical exercise. Immediately at the end of
the session, the subjects remained in a seated position, and BP
measurements were repeated every 10 minutes during the 60-
minute post-exercise recovery period.

Exercise protocol

Prior to the experimental exercise sessions, the volunteers per-
formed one or 2 sessions of exercise adaptation on an exercise
treadmill to ensure that the exercise could be performed for
60 minutes without discomfort, which was understood as sub-
jective perception of effort (SPE) greater than 14 on the scale
proposed by Borg and Noble [42]. Two experimental sessions
of aerobic exercise were performed on a treadmill; one was
48 hours before the protocol of the nutritional intervention and
the other was 48 hours after the end. The CG, who did not
receive the nutritional intervention, also participated in these
exercise sessions.

The sessions had a 60-minute duration and moderate inten-
sity (60% to 85% of the maximal heart rate), as proposed by
Karvonen et al. [43], with recordings using a heart rate meter
(Polar RS800CX, Polar Electro Oy, Kempele, Finland). The vol-
unteers were instructed to report their SPE every 10 minutes
during the exercise. In the period between these 2 sessions, the
subjects continued to perform their physical exercise routine,
but no changes could be made to their exercise routines.
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However, for the 2 sessions of this protocol, the volunteers
maintained a 48-hour interval without performing physical
exercise.

Statistical analysis

The data are presented as means and the standard errors of the
mean. The data were initially tested for normality and homoge-
neity using Shapiro-Wilk and Levine tests, respectively. The
baseline data from the 2 groups were compared using ¢ test for
independent samples, and the effect of the intervention on the
2 groups was verified by analysis of variance for repeated meas-
urements with Tukey’s post hoc test. When not parametric, the
data were converted to the log unit. InStat 3.0 software (Graph-
Pad InStat, San Diego, CA, USA) was used.

Results

The baseline characteristics of the groups were similar, as
shown in Table 1. The volunteers were middle-aged, hyperten-
sive, between normal weight and overweight, and normolipi-
demic. All individuals underwent drug therapy and had
controlled BP at the time of the study (140/90 mmHg or less),
but the EGBP group had significantly higher systolic and dia-
stolic BP (SBP and DBP, respectively) values than those of the
EGCP group. The CG consisted only of individuals with hyper-
tension with BP equal to or greater than 120/80 mmHg. The
CG was similar to the EGBP in DBP and had significantly
higher SBP and DBP than the EGCP (Table 1). The volunteers
in the EG and CG groups had similar dietary patterns at the
beginning of the study and did not change their nutritional pat-
terns during the intervention period.

Table 1. Anthropometric, biochemical, and hemodynamic nutritional characteris-
tics at the preintervention measurement®.

EG (n=14) EGBP(n=8) EGCP (n=6) CG(h=12) p

Age (years) 505+£1.0 497+16 516+1.2 533+1.0 0.17
BMI (kg/m?) 255+05 254+03 255+01 265106 0.59
TC (mg/dl) 182.7 £20.4 184.7 & 274 1644 £ 135 1703 + 15.4 0.81
HDL (mg/dl) 4054+37 325+26 433144 341+£17 045
LDL (mg/dl) 841+81 842+145 7994134 902+74 0.2
SBP (mmHg) 1237 £34 1335420 11064297 1253+23 0.01
DBP (mmHg) 780+30 837+45 703417 850+17 0.001
MDA () 7.0+ 0.6 83106 57+04 6.6+ 04 0.14
Nitrite (ul) 573+88 696472 5654143 59.1+133 0.76
CBO (9) 279.0 + 13.0 286.0 = 9.1 280.0 + 10.8 287.0 £ 10.9 0.23
PTN (g) 96.0+40 880+22 950+26 920+21 048
LIP (9) 680+80 604+21 691429 62+19 056
Vitamin E(mg) 294+59 284+57 293+58 31.1+£6.1 0.86
VitaminC(mg) 119+£223 102+205 110+19.0 129.2+19.8 0.34
Zinc (mg) 2354+36 2944+38 302429 2724+32 041
Copper (mcg) 189+43 188+42 17.7+45 162+41 082

Selenium (mcg) 260.4 + 44.3 291.7 & 40.1 278.1 £42.1 269.2 £39.9 0.18

EG = experimental group, EGBP = experimental group with hypertensive blood
pressure values, EGCP = experimental group with controlled blood pressure, CG
= control group, BMI = body mass index, TC = total cholesterol, HDL = high-
density lipoprotein, LDL = low-density lipoprotein, SBP = systolic blood pres-
sure, DBP = diastolic blood pressure, MDA = malondialdehyde, CBO = carbohy-
drate, PTN = protein, LIP = lipids.

?Data are presented as the mean and standard error of the mean.

*Significant difference between EG and EGCP (p < 0.05, SBP).

PSignificant difference between EGCP and other groups (p < 0.001).

*Significant difference between EGCP and 2 other groups (EGCP and CG; p <

0.001).
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Although instructed to perform moderate-intensity exercise
sessions, volunteers achieved an intensity of only 47.4% =+ 5.7%
of the maximal heart rate (HR) during the preintervention ses-
sion and 454 £ 1.3% of the maximal postintervention HR.
However, no differences in intensity were noted between these
2 sessions. For this HR behavior, the volunteers reported SPE
compatible with exercise of moderate intensity; the reported
values for the subjects had a mean of 11.4 & 0.4 for the prein-
tervention session and 11.7 £ 0.4 after the intervention, with
no differences between these 2 sessions (p > 0.05).

Treatment with grape juice promoted a descriptive reduc-
tion in SBP at rest of —4.4 £ 5.0 mmHg (p = 0.12), whereas
the CG presented a reduction of —1.8 & 3.3 mmHg (p = 0.63;
Figure 2). For the diastolic component at rest, treatment with
grape juice promoted a descriptive reduction only (—1.4 =+
3.9 mmHg; p = 0.74), and CG also showed a small BP reduc-
tion, also with no significant difference (—3.6 £+ 2.1 mmHg,
p=0.14).

When the EG volunteers were separated into EGBP and
EGCP, the group that started the study with higher BP at rest,
EGBP, had a significant reduction in SBP (—13.7 & 6.6 mmHg,
p = 0.02), whereas DBP showed a clinical reduction only, with
no significant difference (—7.7 &+ 5.9 mmHg, p = 0.23). In
addition, EGCP presented a nonsignificant increase in SBP
after intervention with grape juice (+8.0 & 4.0 mmHg, p =
0.10) and a significant increase in DBP (+7.0 & 1.9 mmHg,
p = 0.01). In the CG, no significant differences were observed
for both SBP (p = 0.59) and DBP (p = 0.11; Figure 2).

BP responses to the physical exercise procedure are pre-
sented in Table 2. The intervention with whole red grape juice
was not able to potentiate PEH in any of the moments in which
BP was measured in the post-exercise recovery period.
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When the EG individuals with hypertension were divided
according to the initial BP values at rest, EGBP presented visi-
bly greater post-exercise BP reductions for the SBP after treat-
ment with grape juice in relation to the post-exercise BP
response before treatment, as observed in Figure 3. In addition,
the post-exercise SBP reduction values were significantly lower
than those of the other groups for the pre- and postintervention
procedures. Regarding the DBP, no significant differences were
found for the pre- and postintervention procedures in the 2
EGs (EGBP and EGCP).

Discussion

The data from this study showed that a 28-day grape juice sup-
plementation protocol promotes a reduction in the BP at rest
and improves PEH but only in individuals with hypertension
with an SBP between 120 and 140 mmHg and a DBP between
80 and 90 mmHg (EGBP). Individuals with better controlled
hypertension with a pressure lower than 120/80 mmHg
(EGCP) were not responsive to grape juice in terms of BP at
rest. In turn, individuals with hypertension with BP below 120/
80 mmHg did not show PEH prior to nutritional intervention
and began to present a post-exercise BP reduction after 28 days
of supplementation with whole red grape juice.

The high capacity of whole red wine in decreasing BP
levels is well supported, as shown in a review study by Opie
and Lecour [44]. For grape juice, the data are less robust
and still somewhat controversial; whereas Dohadwala et al.
[45] did not find a significant reduction in BP at rest after
ingestion of this juice by hypertensive men, Park et al.
[23,24] showed that grape juice intake has a beneficial effect
on the improvement of BP levels in hypertensive men.
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Figure 2. Systolic and diastolic BP at rest for the 2 experimental groups together and for EG divided into EGBP and EGCP. Data are presented as the mean and standard
error of the mean. &Statistical difference found in SBP before and after intervention with grape juice in EGBP and significant difference found in DBP before and after

intervention with grape juice in EGCP (p < 0.05).
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Table 2. Differences between Blood Pressure Measured after Exercise and at Rest between EG and CG without Stratification by Initial Blood Pressure Values®.

Delta of blood pressure post-exercise x rest (mmHg)

10 minutes 20 minutes 30 minutes 40 minutes 50 minutes 60 minutes

SBP
Pre, EG 00+ 24 —49 440 —8.6 1+ 34 —11.1 4+ 21 —9.7 +£32 —9.6 £ 3.6
Post, EG —3.0+27 —93+26 —7.1+32 —6.31+29 —73430 —6.4+3.0
Pre, CG 22+28 0.2+ 49 —354+19 —1.6+1.9 —354+21 09+23
Post, CG —05+24 —56+24 —87 +20 —62+ 15 —554+16 —109 + 3.6

DBP
Pre, EG 02+20 —25421 —314+25 —27+25 —40+25 —274+32
Post, EG —-1.0+14 —-16+19 —3.0+23 34422 —0.1 420 13+£19
Pre, CG 05+ 15 0.7+ 1.0 —24+14 —1.1+16 —-04+£13 —07+14
Post, CG 45+ 09 0.0+ 1.2 —1.6+0.8 —1.6+1.2 —224+08 —334+19

SBP = systolic blood pressure, EG = experimental group, CG = control group, DBP = diastolic blood pressure.
“Data are presented as means and standard errors of the mean. No significant intra- or intergroup differences were observed (p > 0.05).

Toscano et al. [28] demonstrated that recreational athletes relevant because it is known that in the face of lower BP
obtained a significant BP reduction despite being physically values, some interventions need to have greater impact
active and even without hypertension. These data are power to promote more BP reduction [34,35].
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Therefore, our data corroborate those of Park et al. [23,24] and
Toscano et al. [28], who showed a reduction in BP at rest in
response to nutritional interventions based on a daily intake of
grape juice. In addition to this corroboration, the present study pro-
vides a novel finding by using a lower dosage than previous studies.
Although Park et al. [23,24] adopted a dosage of 5.5 ml/kg/day, we
used only 100 or 150 ml/day; when corrected for the body weight
of the volunteers of our study, this dosage results in 1.5 and 2.0 ml/
kg/day for the women and men, respectively, in our study. In addi-
tion, only 28 days of supplementation was required to promote a
BP reduction in individuals with hypertension with a previous BP
at rest between 120 and 140 mmHg for the SBP and between 80
and 90 mmHg for the DBP. In previous studies that showed a BP
reduction with grape juice intake, 8 weeks of intervention was
required for the effect to appear [23,24], which was much longer
than the intervention of the present study.

The ability of physical training programs to promote a
reduction in BP at rest after a few weeks is well established, as
shown in a review by Sabbahi et al. [46]. One of the most deter-
mining factors in the magnitude of pressure reduction is the
initial BP value, and in studies in which individuals had higher
initial BP values, the hypotensive effect was more evident
[34,35]. The data from this study show that the phenomenon
previously observed for physical training programs was also
demonstrated for nutritional interventions. This finding may
explain previous controversies in the literature regarding the
hypotensive power of grape juice. In fact, although the hyper-
tensive subjects from the study by Dohadwala et al. [45], who
had initial BP values of 138/82 mmHg, did not present a BP
reduction at rest after grape juice ingestion, Park et al. [23]
observed that individuals with an initial BP of 150/95 mmHg
showed significant BP reductions after ingesting grape juice.

Considering the information already available in the literature,
the most innovative finding of this study was that grape juice, in
addition to promoting BP reduction at rest, influences PEH in
individuals with hypertension with optimally controlled BP
(below 120/80 mmHg). To date, no other studies have tested the
hypothesis that a nutrient may improve the post-exercise BP
response. Previous data showed opposite effects; that is, the con-
sumption of coffee or caffeine alone, before or after exercise,
abolished the effect of PEH [47-50]. Therefore, to the best of
our knowledge, this study is the first to show that the interaction
of some nutrients (in this case, whole red grape juice) beneficially
influences PEH in individuals with hypertension.

However, one should consider that similar to BP at rest, this
effect of grape juice on PEH was also dependent on the initial
BP values. Additionally, unlike the case of BP at rest, the benefi-
cial effect occurred for subjects with lower BP at rest. In previous
studies, exercise did not promote PEH in individuals with hyper-
tension who started exercise with a BP very close to normal val-
ues [51-53], confirming a consensus in this area of investigation
that the PEH magnitude is directly proportional to the pre-exer-
cise BP value, as shown by Anunciagao and Polito [54] in their
review of the literature. Therefore, our study showed that the
ingestion of whole red grape juice promotes post-exercise hypo-
tensive capacity in individuals with hypertension who begin their
training sessions with controlled BP levels.

These findings should be weighted due to a limitation of this
study: when the EG was subdivided, one subgroup had

individuals with hypertension with well-controlled BP and the
other subgroup had individuals with hypertension with higher
BP values that were still within the ideal limits (approximately
140/90 MmHg). The findings need to be confirmed in future
studies comparing individuals with hypertension with values
lower and higher than 140/90 mmHg, which is the threshold of
the BP values that are considered controlled. Another limita-
tion is that we considered data from the previous literature that
indicated the possibility that the initial BP value influences the
intervention responses; however, our consideration involved a
small initial sample (only 15 subjects), so that the sample size
subdivision was limited. Therefore, we suggest new studies
focused exclusively on this dependence of the BP with better
sample sizes per subgroup.

An important practical implication of this study is the fact
that although review studies indicate the good ability of aerobic
exercise to promote PEH [55-57], some studies did not find a
significant effect; genetic factors [58], the intensity and duration
of exercise [59], and the initial levels of BP at rest [51-53] are
factors that might explain the absence of PEH. Therefore, this
study introduces the nutritional intervention with whole red
grape juice as a variable capable of influencing PEH, particularly
in individuals with hypertension who are not obtaining this ben-
efit from physical exercise. Considering that there are individuals
with hypertension resistant to the pressure reduction promoted
by exercise [53-58], even when the subjects begin sessions with
high BP, this study suggests that the possibility that grape juice
or other nutritional agents can restore the post-exercise hypoten-
sive capacity of these people should be investigated.

Another important practical implication is that interven-
tions aimed at promoting BP reduction need to be considered
in a multifactorial way. It is well known that the mechanisms
involved in hypertension are pleiotropic, so treatment should
be multifactorial [7-10]. Despite the importance of influencing
variables in experimental studies, the present study draws
attention to the possibility of encouraging nutritional associa-
tions with physical exercise to establish better treatment modal-
ities for the population. Therefore, this study suggests that food
may collaborate with physical exercise to increase the hypoten-
sive response; that is, the synergy of these 2 interventions may
improve the hypotensive results. We also suggest that other
foods be investigated regarding the power of association with
exercise programs or sessions to reduce BP.

Conclusion

The data from this study corroborate previously published data
demonstrating the ability of whole grape juice to improve BP at
rest, but this effect is dependent on initial BP values. The pres-
ent study provided an unprecedented finding: whole red grape
juice is also capable of improving the acute hypotensive
response after an exercise session performed by individuals
with hypertension who were previously not responsive to this
beneficial phenomenon generated by physical exercise sessions.
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