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Abstract

Objectives Medications or lifestyle changes to prevent or
improve hypertension often press considerable efforts on
patients suffering from mild hypertension. Capsules
including Umezu polyphenols (UP), polyphenols in Japa-
nese plums, may help them to control their blood pressure
(BP). The aim of this study is to evaluate the effectiveness
of UP on BP and its safety.

Methods A total of 15 healthy workers without antihy-
pertensive medication who had some concerns about their
BP, preferably normal-high BP or hypertension level 1,
were randomized in a double-blind manner into UP
ingesting and placebo groups. Each subject was instructed
to take four capsules daily for 12 weeks (daily UP dose,
800 mg for the UP ingesting group; and 0 mg for the
placebo group). These subjects were followed for
12 weeks, and their BP both at home and at the examina-
tion site, as well as self-perceived quality-of-life outcomes
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and possible side effects, was monitored during that period.
Group x time interactions on BP changes were examined.
Results  All of the 15 subjects completed the 12-week
intervention trial. The BP changes did not significantly
differ between the UP ingesting and placebo groups, nei-
ther at the examination site nor at home. But during the
study period, no adverse effects were observed.
Conclusions No remarkable effect of UP on BP was
observed. However, a higher dose of UP was confirmed
safe and high in adherence in this 12-week randomized
controlled trial. Its effect on BP and other outcomes shall
be confirmed in a larger sample.

Keywords Hypertension - Prevention - Japanese plum -
Polyphenol - Randomized placebo-controlled trial

Introduction

Hypertension is one of the major risk factors associated
with cardio- and cerebrovascular diseases, and has a strong
impact on global health. In Japan, the mortality rates from
those diseases have declined since the second half of
1960s, which is considered to be partially due to the
decline in blood pressure (BP) levels and the lower prev-
alence of hypertension during the years 1965-1990 [1].
However, it is estimated that there are still 40 million
people with hypertension in Japan [2]. It is a serious con-
cern that many of those with hypertension do not receive
appropriate treatments for hypertension, especially among
young and middle-aged people. When hypertension is
defined as 140 mmHg or more of systolic blood pressure
(SBP) and/or 90 mmHg or more of diastolic blood pressure
(DBP), about 80-90 % of Japanese in their thirties and
forties with hypertension are considered not to have
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received any treatment [2]. Since most of the existing
antihypertensive drugs often show some adverse effects,
their applications are limited, especially for those with mild
hypertension who are approaching clinically dangerous
levels. Therefore, those people should lower their BPs, at
least by changing their lifestyles to healthier ones.
Although low-salt diets and exercise are proven to be
effective against hypertension, following through with
them is often burdensome for those people. Regarding
dietary factors, high consumption of fruits and vegetables
has been correlated with a decrease in cardiovascular dis-
ease [3-5]. However, intake of fruits and vegetables cannot
be strongly recommended for patients with serious renal
failure, since such diets may induce hyperkalemia in them
[2]. Furthermore, excessive intake of fruits with high
concentrations of glucose should be avoided by people
with diabetes mellitus.

On the other hand, significant protective effects of
antioxidants included in vegetables and fruits have been
noted [6], while interventional trials of antioxidants have
provided mixed results, some showing deleterious ones [6,
7]. Among those antioxidants, polyphenols from tea, wine,
grapes, berries and other plants have been shown to acti-
vate endothelial cells and to increase the formation of
potent vasoprotective factors, including nitric oxide (NO)
and endothelium-derived hyperpolarizing factors. In addi-
tion, polyphenols interfere with mechanisms that lead to
inflammation, platelet aggregation, and endothelial apop-
tosis, and contribute to the prevention of endothelial dys-
function, which is known to play a central role in the
pathogenesis of cardiovascular diseases [8—11].

Polyphenols are found abundantly in fruits such as
plums or prunes. Interestingly, the prune was reported to
have protective effects against cardiovascular diseases,
inducing significant reductions of BP and reducing serum
cholesterol and LDL [12]. This effect was considered to be
due to the antioxidant constituents of prunes [12]. If such
constituents were added to common soft drinks, people
with mild hypertension might successfully reduce their BP
without having to make considerable efforts. In this regard,
Japanese plums, especially the well-known products of
Wakayama Prefecture in Japan, have been reported to be
effective for improving human health including cardio-
vascular conditions [13, 14].

Based on the above-mentioned background, we per-
formed a double-blind randomized study in 2011, using
Umezu polyphenols (UP), i.e., polyphenols extracted from
Japanese plums (Japanese name, Ume; botanical name,
Prunus mume), which unsuccessfully revealed BP-lower-
ing effects [15]. This may be due to some factors including
a relatively short study period (5 weeks) and insufficiency
of the dose (200 mg of UP daily). Then, we conducted a
12-week RCT, with a higher dose of UP.

Materials and methods
Subjects

We conducted a preliminary study using a sample of workers
(clerical workers, university faculty members, physicians
and comedicals) in our principal study center from Decem-
ber 2012 to March 2013. We recruited study participants
interested in prevention or control of their hypertension,
especially from those with normal-high BP (SBP,
130-139 mmHg; or DBP, 85-89 mmHg) or hypertension
grade 1 (SBP, 140-159 mmHg; or DBP, 90-99 mmHg)
taking no antihypertensive agents [2]. Those who met the
following exclusive criteria could not participate in the
study: (1) those who ate 2 or more Umeboshi (pickled plums)
per day, (2) those under medication for hypertension, (3)
those with serious somatic disorders including cerebrovas-
cular disease, ischemic heart disease, cancer, and diabetes
mellitus, (4) those who were pregnant or within 1 year after
delivery, (5) those with ingestion difficulty, (6) those having
night-shift work with night duty, and (7) those who could not
participate in the periodical physical measurement.

A total of 15 workers [13 men and 2 women; mean (SD)
of age, 43.2 (12.4) years] participated in the study. They
were randomly divided into 2 groups [Group A (n = 8) and
Group B (n = 7)] whose sex and age distributions were
adjusted to be as equal as possible (Fig. 1). Group A
received placebo capsules (0 mg of UP per capsule), while
Group B received capsules containing UP (200 mg of UP

Enrolled (n=15)

2

Randomized

¥

Placebo
[UP, 0 mg daily]
(n=28)

Polyphenol

[UP, 800 mg daily]
(n=7)

Completed 12-week intervention and
got analyzed (n =15)

Fig. 1 Flowchart of subject enrollment, intervention and analysis.
UP, Umezu polyphenols
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per capsule). They were instructed to take four capsules
daily for 12 weeks, and the total daily dosage of UP was 0
and 800 mg in Group A and Group B, respectively. These
dosages were determined based on the study results of rats
conducted in advance (data not shown). The study period
of 12 weeks was determined, pursuant to the principle the
Consumer Affairs Agency, Government of Japan (formerly
the Ministry of Health, Labor and Welfare, Government of
Japan) shows. The Agency generally requires an inter-
vention trial of 12 weeks or longer to approve Tokuho, or
foods for specified health uses (e.g., BP lowering) [16].

The mean (SD) of age among the 15 participants was
43.2 (12.4) years. When the study began, at the examina-
tion site, 1 of the 15 was at hypertension grade 2 (SBP,
160-179 mmHg, or DBP, 100-109 mmHg) (who was at
hypertension 1 in subsequent measurements), 6 at hyper-
tension grade 1, and 3 at normal-high BP at the examina-
tion site; at home, 6 were at hypertension grade 1 and 3 at
normal-high BP.

Neither the examiners nor subjects knew which kind of
capsules were being taken (i.e., double-blind design)
throughout the study period. The current study was
approved by the Institutional Review Board of Wakayama
Medical University. Informed consent was acquired from
all the participants in written form.

Extraction of polyphenols

Fruit samples of Prunus mume cv. ‘Nanko’ were randomly
collected from one fixed tree grown at the experimental
orchard of the Laboratory of Japanese Plum, Fruit Tree
Experiment Station, Wakayama Research Center of Agri-
culture, Minabe Town, from 2006 to 2008, and stored in
polyethylene bags at —20 °C until analysis.

Since details surrounding the determination of total
polyphenols and the preparation of polyphenol fractions
through a biochemical experimental system are beyond the
current study’s scope, they will be described elsewhere [17,
18]. In brief, the Folin—Ciocalteu method with gallic acid
as a standard was used for the determination of total
polyphenols, and a batch method was adopted for the
preparation of polyphenol fractions.

Umezu polyphenols were found to show many chro-
matographically isolated peaks. Our experimental analysis
clarified that the UP were chemically composed of
hydroxycinnamic acid derivatives. Four aglycones were
identified as cis-p-coumaric acid, trans-p-coumaric acid,
caffeic acid, and ferulic acid. Those aglycones are bound to
various kinds of organic acids or sugars, and exist as the
ingredients of UP. The extracted UP were sent to a sup-
plement manufacturer (Kyoto Nourishment Natural
Chemical Laboratory Co., Ltd., Kyoto, Japan), and added
into supplement capsules.

@ Springer

Blood pressure, and physical and mental conditions

Study subjects were asked to measure their SBP and DBP
early in the morning (after urinating and/or defecating, and
before eating breakfast) and before sleep at night every day (it
was not restricted for subjects to consume alcoholic beverages
or take a bath before measuring the night BP measurement);
SBP and DBP of the right arm were measured with an auto-
matic sphygmomanometer (HEM-747IC, Omron, Tokyo,
Japan), twice in a sitting position with arms supported at the
right atrium level. When the difference of SBP between the
first measure and the second measure was 10 mmHg or
greater, BP was measured one more time (a total of three
times). Atthe beginning of the study, the principal investigator
(ST) individually instructed each study subject how to mea-
sure BP and record it in the paper-based journal at home.

Blood pressure was measured at the examination site in
the morning (8:30 a.m. to 0:00 p.m.) at baseline and 1, 2, 4,
6, 8, 10 and 12 weeks later. At the examination site, SBP
and DBP were measured with an automatic sphygmoma-
nometer (HEM-907, Omron, Tokyo, Japan) by research
staff (a trained physician or nurse), twice in a sitting
position with arms supported at the right atrium level.
When the difference of SBP between the first measure and
the second measure was 10 mmHg or greater, BP was
measured one more time (a total of three times).

To evaluate changes in subjective health conditions,
subjects’ perceived physical and mental quality of life
(QOL) was assessed at baseline and 4, 8 and 12 weeks later
by SF-8 [19]. A higher SF-8 score [physical component
summary (PCS) or mental component summary (MCS)]
indicates a better physical/mental condition. In Japanese
people, the average score and the standard deviation are 50
points and 10 points, respectively.

To ensure the safety of subjects, they were asked about their
conditions including signs and symptoms at each of their visits
of the examination site. When they reported some signs and
symptoms, they were further asked if these signs and symptoms
manifested themselves after taking UP or placebo capsules.

Statistical analysis

We calculated the mean value of subject-measured BP for
each day, including all measured values, then we defined the
BP at the beginning of the study (week 0) as the mean value of
the BP measured on the first day of the measurement, and the
BP at each week (weeks 1-12) as the mean value of all 7 days
of the week, excluding the data for week 0. We also calculated
the mean value of staff-measured BP, for each follow-up
session (weeks 1, 2,4, 6, 8, 10 and 12, if available) as well as
the beginning of the study period (week 0). These BP values
were chosen as outcome variables. As for SF-8, PCS and
MCS were outcome variables.
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Table 1 Characteristics of study subjects at baseline

Placebo Polyphenol P’
group group
(n=28) n="17)
Daily dose of Umezu 0 800 -
polyphenols (mg)
Age (years) 42.3 (12.2) 44.3 (13.5) 0.764
Sex: male [n (%)] 7 (87.5) 6 (85.7) 1.000
Height (cm) 169.7 (6.6) 166.7 (8.0) 0.437
Weight (kg) 71.4 (17.0) 69.6 (14.9) 0.835
Body mass index (kg/m?) 24.5 (4.2) 24.8 (3.4) 0.880
Waist circumference (cm) 89.0 (10.9) 86.4 (13.2) 0.688
Hip circumference (cm) 100.9 (9.0) 98.7 (8.2) 0.637
Waist-hip ratio 0.880 (0.039)  0.873 (0.095) 0.870
BP and pulse
Examination site
Systolic BP (mmHg) 133.0 (12.4) 138.5 (16.4) 0.468
Diastolic BP (mmHg) 84.3 (10.9) 89.9 (8.1) 0.281
Pulse (counts/min) 66.3 (4.4) 69.9 (3.4) 0.106
Home in the morning
Systolic BP (mmHg) 129.5 (13.4) 136.1 (13.3) 0.358
Diastolic BP (mmHg) 84.0 (7.2) 89.4 (11.1) 0.279
Pulse (counts/min) 64.1 (5.4) 68.5 (6.0) 0.158
Home at night
Systolic BP (mmHg) 126.4 (14.6) 135.2 (17.6) 0.307
Diastolic BP (mmHg) 74.4 (12.8) 86.1 (12.6) 0.099
Pulse (counts/min) 71.9 (12.0) 753 (11.4) 0.592

Figures denote average (standard deviation), unless otherwise
specified

BP blood pressure

* Unpaired ¢ test or Fisher’s exact test

To compare the baseline characteristics between the poly-
phenol group and the placebo group, unpaired ¢ test was con-
ducted for continuous variables, and Fisher’s exact test for
categorical variables. Two-way analysis of variance (ANOVA)
was conducted for comparing the variation of BP, PCS and
MCS between/among the groups during the study period. In
each group, time-dependent repeated-measure analyses and
Dunnett’s test were performed [vs. data at baseline (week 0)]. In
case Dunnett’s test was unavailable, paired ¢ test was conducted
instead. p-values (two-sided) less than 0.05 were considered
statistically significant. All analyses were conducted using SAS
software, version 9.1 (SAS Institute, Inc., Cary, NC, USA).

Results
Baseline characteristics

Shown are the baseline characteristics of study subjects in
the polyphenol group and in the placebo group in Table 1.
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Fig. 2 Effect of Umezu polyphenols on blood pressure measured at
the examination site. Time-dependent repeated-measure analyses and
Dunnett’s test were performed (vs. data in week 0). The interaction

between intervention and time was also evaluated (#p < 0.10). SBP
systolic blood pressure, DBP diastolic blood pressure

We did not observe significant differences between the two
groups, which were partly due to the small number of the
study subjects (n = 15).

Blood pressure at the examination site

Changes of BP in study subjects measured by research staff
at the examination site are presented in Fig. 2. During the
study period, the BP fluctuated in both the groups, resulting
in a nonsignificant finding in SBP and DBP. The discrep-
ancy of BP between the two groups remained during the
study.

Blood pressure at home

Figure 3 shows changes in self-measured BP at home,
(a) in the morning, and (b) at night. In the morning BP
(Fig. 3a), SBP did not decrease in the polyphenol group,
while DBP tended to decrease in both the groups, not
reaching significance.

In the night BP (Fig. 3b), SBP and DBP fluctuated to
produce some significant to quasi-significant values,
although the interaction analysis did not show significant
effects of UP on BP.

The discrepancy of BP between the two groups
remained during the study.
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0). The interaction between intervention and time was also evaluated
(*p < 0.05; #p < 0.10). SBP systolic blood pressure, DBP diastolic
blood pressure

Table 2 Effects of Umezu polyphenols on physical and mental component summaries in SF-8

UP (mg/day) Week 0 Week 4 Week 8 Week 12 Interaction p
Mean SD Mean SD Mean SD Mean SD
PCS 0 52.19 5.13 52.08 3.78 51.28 6.13 49.07 5.29 0.512
800 52.52 5.25 5291 2.94 51.72 4.66 53.30 2.80
MCS 0 41.46 9.88 44.79 8.67 43.88 4.49 42.71 9.20 0.231
800 49.75 3.80 52.42 2.17 52.79 2.87 50.22 2.88

Although time-dependent repeated-measure analyses and Dunnett’s test were attempted (vs. data in week 0), analyses resulted in an error.
Instead, summary scores in weeks 4, 8 and 12 were separately compared with the data in week O with paired 7 test, and none of them resulted in a
significant outcome. Then, the interaction between intervention and time was evaluated

PCS physical component summary, MCS mental component summary, UP Umezu polyphenols

Safety and adherence

As for the safety of UP capsules, it was the winter season,
when common cold was prevalent, and study subjects
reported some signs and symptoms, mainly some respira-
tory and digestive ones. But these conditions were transient
and recovered soon. And all the subjects competed the
12-week RCT. In SF-8, found were some nonsignificant
improvements of the self-perceived physical condition in
the polyphenol group, and some nonsignificant improve-
ments of the self-perceived mental condition in both the
groups (Table 2).
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Discussion

In the current pilot study conducted in a double-blind
randomized controlled trial (RCT), the beneficial effects of
UP on hypertension were limited, probably due to the small
number of study subjects. However, it showed the safety of
UP capsules, even administered in a higher dose (800 mg
daily) and for 12 weeks. Furthermore, the adherence of
study subjects was good.

Wakayama Prefecture is higher in the mortality rate [20]
and in the prevalence of cardiovascular diseases [21]
compared with the average in Japan, which may be partly
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due to the high prevalence in residents aged 65 years or
older. On the other hand, several surveys reveal that resi-
dents in Wakayama have the highest [22] and the second
highest (next to Shizuoka) [23] household expenditures on
Umeboshi (pickled plums) and Mandarin oranges, respec-
tively, and plum [13, 14] as well as citrus intake [24] are
negatively associated with cardiovascular disease. Japanese
plum is consumed mainly in the form of Umeboshi, which
contains a considerable amount of sodium, or in the form
of Umeshu (a Japanese liqueur made from steeping Ume
fruits (while still unripe and green) in alcohol and sugar).
Sodium in Umeboshi may elevate BP, while daily salt
intake in Wakayama is lower than the average in Japan
[25], and Umeshu does not give plum active ingredients to
nondrinkers. In other words, the way in which Japanese
plum is consumed may not contribute to substantial
reduction of cardiovascular disease. Therefore, some more
efficient ways to ingest plum active ingredients are desired.
UP extracts, free of sodium and alcohol, can be provided in
soft drinks [15] and in capsules, and they could serve as a
solution to provide beneficial effects of Japanese plum.

Our previous study in 2011 [15] was as short as
5 weeks, and the maximum dose of UP was as low as
200 mg daily, which possibly led to the failure in showing
significant and consistent findings regarding the BP-low-
ering effects of UP. To overcome these problems, a daily
dose of 800 mg and a study period of 12 weeks were
adopted in this study. Due to the length of the study, and
the exclusion of those with hypertension grade 2 or greater
as well as those under medication, the number of study
subjects was limited. Besides, we encouraged workers with
high-normal BP or hypertension without medication to join
the study and exclude those with medication, maximizing
the effects of UP.

The study population from which the study subjects
derived is the personnel of the institute the principal
investigator (ST) belongs to, and is likely to understand and
cooperate to the study in general. The previous 5-week
study in 2011 was also conducted thanks to this population
[15]. However, the present study was as long as 12 weeks.
In general, the longer the period of a study is, the less likely
they are to participate in it. In addition, not a few hyper-
tensive candidates were reportedly excluded before the
study enrollment due to taking antihypertensive agents,
which suggests that the personnel of the institute is aware
of their own health. These conditions resulted in a small
number of subjects. However, given the scarcity of RCTs
of fruit polyphenols in humans evaluating for 12 weeks or
longer, this study will provide another piece of valuable
evidence in the study of polyphenols.

The safety of UP in experimental animals is already
shown in a series of studies including a 90-day subchronic
study in rats [16]. And this is the first study where UP were

administered for 12 weeks in humans. Liu et al. [26]
showed in a meta-analysis that the number of studies on
fruit juice polyphenol with a study period of 12 weeks or
3 months is limited [27-29], and that there is only one
study evaluating the effects of fruit polyphenols on BP as
long as 3 months [27], which showed no significant out-
comes. But in the overall meta-analysis, fruit juice reduced
DBP significantly by 2.07 mmHg (95 % CI —-3.75,
—0.39 mmHg), but SBP insignificantly by 2.03 mm Hg
(95 % CI —4.47, 40.41 mmHg). These results are partially
consistent with findings of the present study. In another
12-week RCT among overweight Korean adults [30], a
polyphenol extract from Ecklonia cava significantly con-
tributed to lowering body fat and serum lipid parameters
such as total and LDL cholesterols with dose dependence.
It also had some BP-lowering effects, although its dose—
response effect was not significant. Interventional studies
of a longer period evaluating the effects of polyphenols
among humans are very limited. In a 16-week study among
patients under antihypertensive medication, BP reduction
was observed in the extra-virgin olive oil group compared
with the sunflower oil group. Enhanced nitric oxide levels
stimulated by polyphenols might contribute to this benefi-
cial effect [31].

As for SF-8, the physical condition improved in the
polyphenol group and the mental condition improved in
both the groups. In our previous study, the physical con-
dition improved only in the polyphenol group and the
mental condition improved only in the placebo group [15].
Given some placebo effects in the placebo group, these
findings support some physically positive effects in UP.
The biology of this improvement is yet to be clarified.

Several reasons may explain why the effects of UP
against BP were limited. First, involvement of type 2 error
should be taken into account. This RCT was a preliminary
test, and it was conducted in a small number of subjects.
This might have reduced the power to detect BP-lowering
effects of UP. Second, some psychological factors might be
involved in the decrease of BP in the placebo group,
although it is unclear why this occurred. In our previous
study [15], the MCS score significantly improved in the
placebo group, but it did not in the UP group, which
resulted in the diminished differences between UP and
placebo groups.

Some study limitations should be mentioned. First,
information on the subjects’ age and sex was obtained
during the recruitment of study participants and before the
random allocation, but their BP was measured only after
the random allocation and the beginning of the study, due
to some logistic reasons. Therefore, baseline BP could not
be utilized as the allocation variable. Second, it should be
considered that study subjects ignored some “outliers” in
BP since they were medical professionals; they might
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reject some BP values that they subjectively considered
extremely high or low as incorrect rather than recorded
them “as is”, and then measured BP repeatedly until they
got values that they could regard as correct. These cir-
cumstances could throw some effects on the discrepancy in
BP.

To overcome the above-mentioned limitations, we
conducted a 14-week community-based RCT in 2013,
where we randomly allocated a total of 72 study subjects
into two arms, taking into account of their baseline BP as
well as sex and age. Furthermore, to ensure objectivity in
home BP self-measurement, we introduced a personal BP
monitor which allowed home measurement data to be
automatically transmitted to servers over 3G networks. We
would like to report the results later.

In conclusion, the ability of UP to decrease BP is no
more remarkable than that of a placebo. However, UP were
shown safe and high in adherence, even administered in a
higher dose (800 mg daily) and for a longer period
(12 weeks).
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