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SYSTEMATIC REVIEW AND META-ANALYSIS

The Effect of Anthocyanins on Blood Pressure
A PRISMA-Compliant Meta-Analysis of Randomized Clinical Trials

Yongjian Zhu, MD, Yacong Bo, MD, Xi Wang, MD, Wenjie Lu, MD, Xule Wang, PhD,
Zhanying Han, PhD, and Chunguang Qiu, PhD

Abstract: The findings of clinical studies concerning the association
between anthocyanins supplementation and blood pressure (BP) are
inconsistent.

In order to provide a more precise estimate of the overall effect of
anthocyanins on systolic blood pressure (SBP) and diastolic blood
pressure (DBP), we conducted a meta-analysis of clinical trials about
anthocyanins supplementation and BP.

PubMed, Web of Science, Wanfang Database, and China National
Knowledge Infrastructure (CNKI) (until October 2015) were searched
to identify potential studies with information on anthocyanins extract
supplementation and arterial BP. The weighted mean difference (WMD)
and 95% confidence interval (CI) were used as a summary statistic. Net
changes in SBP and DBP between anthocyanins supplementation and
placebo groups were calculated by subtracting the values at end of
follow-up from those at baseline. Meta regression was used to explore
the potential moderators of effect size. The publication bias was
assessed using Begger’s Funnel plots and Egger’s tests; P < 0.05 was
considered to be statistically significant.

Finally, 6 clinical studies with 472 participants for the effect of
anthocyanins consumption on BP were included in the present meta-
analysis. There is no significant effect on either SBP (WMD: 1.15 mm
Hg, 95% CI: —3.17 to 5.47, I*=56%) or DBP (WMD: 1.06 mm Hg,
95% CI: —0.71 to 2.83, I?=0%) following supplementation with
anthocyanins.

In summary, results from this meta-analysis do not favor any clinical
efficacy of supplementation with anthocyanins in improving blood
pressure. Further well-designed large randomized controlled trials
(RCTs) with long follow-up period are needed to verify the association
of anthocyanins supplementation and blood pressure.

(Medicine 95(15):¢3380)

Abbreviations: BP = blood pressure, CI = confidence interval,
CNKI = China National Knowledge Infrastructure, DBP = diastolic
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blood pressure, HDL = high-density lipoprotein, LDL = low-
density lipoprotein, MD = mean difference, RCT = randomized
controlled trial, SBP = systolic blood pressure, SD = standard
deviation, SE = standard error, SEM = standard error of mean,
WMD = weighted mean difference.

INTRODUCTION

igh blood pressure (BP) or hypertension, as commonly

known, is a chronic disease which is responsible for 13%
of all global mortality.! Some convincing evidences
demonstrate that there are strongly and positively association
between hypertension with increased risk of developing
chronic diseases, including coronary heart disease, stroke,
heart failure, and kidney disease.>” Considering so many
hypertension patients, it takes an enormously cost to
treat hypertension and related complications. In addition to
antihypertensive agents, we can also by way of lifestyle
modification and alimentary control to prevent hypertension
and related complications.* Evidence suggests that the
increase of vegetables and fruit consumption can reduce
the risk of hypertension.’ As is known to us, researchers
have a considerable interest in the foods rich in natural
bioactive components and their contribution to decreasing
cardiovascular risks as a promising alternative to pharmaceu-
tical medications.

Anthocyanins are polyphenols responsible for many of
the fruits and floral colors, and most common in plant foods
such as pelargonidin, cyanidin, delphinidin, peonidin, malvi-
din, and petunidin.® To date, anthocyanins have been proved
to be effective in preventing different diseases based on
epidemiological and clinical studies. Cassidy et al’ have
demonstrated that, in young women, a higher intake of antho-
cyanins may reduce myocardial infarction risk. As for dyslipi-
demic subjects, it has been reported that anthocyanins
supplementation can improve low-density lipoprotein
(LDL)- and high-density lipoprotein (HDL)-cholesterol con-
centrations and enhance cellular cholesterol efflux to serum.®
A cross-sectional study reported that a higher intake of antho-
cyanins is associated with a lower arterial stiffness.” However,
there is not a convincing conclusion about the anthocyanins’
effect on blood pressure. Broncel et al suggested that after
2 months of therapy with 300 mg/d aronia extract rich in
anthocyanins for metabolic syndrome patients, statistically
significant decreases were observed in blood pressure,'’
whereas another study has reported that higher intake of these
relatively pure anthocyanins does not reduce BP in healthy men
with a high normal BP.'' Regarding these inconsistent
findings, we conducted a meta-analysis of clinical trials to
provide a more precise estimate of the overall effect of antho-
cyanins on systolic blood pressure (SBP) and diastolic blood
pressure (DBP).
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METHODS

Ethical approval and patient written informed consent are
not required due to that this is a systematic review and meta-
analysis of previously published studies. This study was per-
formed in accordance with Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement.

Literature Search

PubMed, Web of Science, Wanfang Database, and CNKI
(until October 2015) were searched to identify potential
studies with information on anthocyanins extract supplement-
ation and arterial BP. We searched for articles by using the
following keywords separately or in combination: “‘anthocya-
nin” or “anthocyanins” combined with “‘blood pressure” or
“hypertension” or ‘‘systolic blood pressure” or ‘‘diastolic
blood pressure.” Additionally, we evaluated all the relevant
publications including research papers, reviews, and the refer-
ences in all retrieved articles to retrieve additional eligible
studies.

Study Selection

We scrutinized full text of each potentially relevant paper
by using the following inclusion criteria to select studies for the
meta-analysis: (1) studies are random clinical trials, (2) partici-
pants aged 18 years or older, (3) the interventions are pure
anthocyanins or anthocyanins extracts, and (4) SBP and DBP
data at baseline and after consumption of anthocyanins prep-
arations were available. Studies were excluded under the fol-
lowing exclusion criteria: (1) reviews, case reports, and case
series; (2) no numerical values were provided regarding SBP
and/or DBP at baseline or study end; (3) the study did not
include a control group; (4) intervention time is <1 week.
Publications were discarded if they were duplicated or did
not meet the initial objective.

Quality Assessment

The quality of included studies was methodologically
assessed as described in the Cochrane Handbook for Systematic
Reviews of Interventions.'> The following methodological
domains were considered: adequacy of sequence generation,
allocation concealment, blinding, drop-out rates (incomplete
outcome data), addressing incomplete outcome data, selective
outcome reporting, and other potential sources of bias. Labeling
as “L” indicated low risk of bias, whereas “H’’ indicated high
risk of bias. A judgment of “U” indicated unclear risk of bias.

Data Extraction

Two reviewers (YZ and YB) dependently conducted the
literature search and screening process, and disagreements were
resolved by a third investigator. The following data in each
eligible study was extracted: the first author’s last name, year of
publication, location of the study, study design, age, sample
size, duration of treatment period, type of intervention, and
administered daily dose of anthocyanins. Additionally, mean
SDs (or mean SEM) of blood pressure (SBP and DBP) at
baseline and at the end of trial (or treatment period in the
case of cross-over trials) were individually recorded.

Statistical Analysis

Meta-analysis was conducted using the Cochrane Pro-
gram Review Manager (v.5.0; Oxford, England) and STATA
software (version 12.0; StatCorp, College Station, TX). The
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unit of BP levels was mm Hg. The WMD and 95% CI were
used as a summary statistic. The following formula was
used to calculate the mean difference: mean difference
= MeaNpre_reatment — MEaNpost-reatment: ANd  the following
formula was used to calculate the standard deviations (SDs)
for the net changes: SD = square root ([SD pretreatment]? +
[SD post-treatment]* — [2R x SD pretreatment x SD post-
treatment]), assuming a correlation coefficient (R) =0.5.1314
For studies with multiple measurements that reported data at
different time points, the values of the longest duration of
treatment were used. Sensitivity analyses were used to test the
robustness of overall analyses. The I* index was used to assess
heterogeneity. Values of 25%, 50%, and 75% were used for the
I? analysis and correspond to low, moderate, and high hetero-
geneity, respectively. If I* > 50%, a random effect model were
used for quantitative data synthesis; otherwise, a fixed model
was chosen. Meta regression was used to explore the potential
moderators of effect size. The publication bias was assessed
using Begger’s Funnel plots and Egger’s tests; P <0.05 was
considered to be statistically significant.'*">

RESULTS

Literature Search and Study Characteristics

We initially screened 413 articles from different searches,
of which 261 duplicate were removed, and 152 articles were
examined. After reviewing full text, 140 articles which did not
fulfill inclusion criteria were excluded; only 12 trials seemed
worthy of being further scanned were obtained. Six articles
were eliminated for the following reasons: 1 article is a retro-
spective study, 2 articles did not report baseline blood pressure
values, and 3 articles did not report blood pressure values after
intervention. Hence, the meta-analysis finally included remain-
ing 6 clinical studies®'"'™'? with 472 participants for the
effect of anthocyanins consumption on BP. The identification
processes of our literature search are shown in Figure 1.

The key characteristics of the included studies are presented
in Table 1. Ofthe 6 studies, 3 were conducted in Asia (all Chinese
trials®'®'®) and 3 in Europe (1 in England,'” 1 in Norway,'" and
another one in Italy'®). There were 472 participants randomized
in the 6 trials, of whom 232 were allocated to the anthocyanins
supplementation group and 240 to the placebo group. The number
of participants in these trials ranged from 42 to 146. The
anthocyanins capsule as the main type of intervention was
administered to the individual at the range of doses from
162 mg/d to 640 mg/d in the included trials. Five studies were
designed as randomized clinical trial, 1 as cross-over study.

Risk of bias Assessment

The assessment of the risk of bias was summarized in
Table 2. All included studies had a low risk of bias for blinding
of participants and personnel, blinding of outcome assessment,
incomplete outcome data, and selective outcome reporting. All
the studies are unclear about the risk bias for allocation con-
cealment. And 2 out of the 6 studies have a low risk bias for
sequence generation; the other 4 studies are unclear about the
risk bias for sequence generation.

Effect of Anthocyanins on Blood Pressure

The meta-analysis of data showed no significant effect on
either SBP (WMD: 1.15mm Hg, 95% CI: -3.17 to 547,
P =56%) or DBP (WMD: 1.06mm Hg, 95% CI: —0.71 to
2.83, P =0%) following supplementation with anthocyanins.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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413 published articles from different searches
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reviewed in full text

261 duplicate were removed, and | 52 articles were

140 articles did not fulfill inclusion
criteria were excluded

12 relevant articles identified for further review

1 article is a retrospective study

2 articles did not report bascline blood pressure
values

3 articles did not report blood pressure values after
intervention

6 articles excluded because:

6 RCT articles included in this meta-analysis

FIGURE 1. Flow diagram for identification processes.

The detail efficacy of anthocyanins in SBP and DBP among and
the meta-analysis are shown in Figure 2.

Meta regression and sensitivity analysis

There was a moderate heterogeneity for SBP (I* = 56%).
Hence, possible association between the net effect of antho-
cyanins on SBP and putative moderators (anthocyanins dose,
baseline SBP, location, and duration of supplementation) was
assessed using random effects meta-regression analysis. How-
ever, changes in SBP showed no direct association with these
above factors (P >0.05). Sensitivity analyses performed to
assess the effect on overall results of the meta-analysis also
did not alter the results. The leave-one-out analysis showed that
the key contributor to this moderate heterogeneity was 1 study
conducted by Zhu et al.'® After excluding it, the heterogeneity
was reduced to I = 0%, and the pooled mean difference for SBP
was 3.25 (95%CI=-0.08 to 6.59), which was similar to the
main finding.

Publication Bias

Funnel plot of the study suggested a little asymmetrical but
acceptable range of symmetry for the impact of anthocyanins
supplementation on SBP and DBP (Figure 3). Besides, Egger’s

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

test showed no evidence of significant publication bias for
this meta-analysis with BP and anthocyanins supplementation,
with r=1.67, P=0.17 for SBP, and t=1.63, P=0.178 for
DBP respectively.

DISCUSSION

Our meta-analysis of data from 6 eligible random clinical
trials showed no significant effect of anthocyanins supplement-
ation on the change of either SBP or DBP from baseline. To our
acknowledgement, this is the first meta-analysis to evaluate the
effects of anthocyanins on blood pressure.

Anthocyanins as an important active ingredient constitute
a diverse group of polyphenolic compounds, which is present in
fruits, vegetables, berries, and red wine.?’ Previous meta-
analysis has suggested that green tea or green tea extract
supplementation can cause a small but significant reduction
in BP (SBP:WMD = —1.42 mm Hg, 95% CI=-2.37 to —0.36,
I* =52%, and DBP: WMD = —1.25 mm Hg, 95%CI = —2.32 to
—0.19, > =74%).>" Khalesi et al found significant reductions in
both SBP (WMD: —2.85mm Hg, 95%CI: —5.37 to —0.33,
P=0.027) and DBP (WMD: -2.39mm Hg, 95%CIL: -3.78
to —0.99, P=0.001) following supplementation with flaxseed
product.’? Another mate-analysis conducted by Onakpoya et al

www.md-journal.com | 3
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TABLE 2. Assessment of Risk of Bias in the Included Studies Using Cochrane Criteria

Blinding of Blinding of Incomplete Selective Other Potential
Sequence Allocation Participants Outcome Outcome Outcome Threats to
Study Ref Generation Concealment and Personnel Assessment Data Reporting Validity
Zhu 2011'° U U L L L L L
Hassellund 0] U L L L L L
etal 2012"
Qin et al U U L L L L L
2009°
Liu 2008'® L u L L L L L
Curtis 2009'7 L U L L L L L
Davinelli U U L L L L L
2015"

H =high risk of bias, L =low risk of bias, U=unclear risk of bias.

revealed a positive effect of chlorogenic acid on both SBP
(mean difference [MD]: —4.31 mm Hg; 95% CI: —-5.60 to —
3.01; I =65%) and DBP (MD: —3.68 mm Hg; 95% CI: -3.91
to —3.45; P = 97%).23 However, there is no meta-analysis to
explore the effect of anthocyanins on blood pressure. In the
present meta-analysis, the nonsignificant effect of anthocyanins
supplementation on the change in BP from baseline compared
with the placebo groups, identified in our meta-analysis adds
new evidence for the relationship between nutritional supple-
mentation and BP.

Some clinical studies demonstrated that the consumption
of anthocyanins rich supplementation (such as grape-wine
extracts and Hibiscus sabdariffa L extracts) result a significant
decrease in BP,*?° which is inconsistent with our findings. It
might be ascribed the different ingredients of the supplementa-
tions, except for anthocyanins, the grape-wine extracts and
Hibiscus sabdariffa L extracts also contain other polyphenols.
Thus, there may be other polyphenols (such as catechins,
flavonols, mg phenolic acids, and stilbenes) present in the

Anthocyanins placobo
Study or Subgroup Mean SD Total Mean SD Total
Curtis 2009 1 14.10673598 26 -6 14.52583905 26
Davinelli 2015 2 21.40280355 16 0.2 21.40070092 26
Hassellund 2012 -8 12.12435565 27  -10 12.12435565 27
Liu 2008 -4.14 13.33 30 -6.43 13.46 28
Qin 2009 -1.2 18.99578901 60 -4.3 18.08314132 60
Zhu 2011 -6.7 13.8567673 73 -0.5 15.5241747 73
Total (95% CI) 232 240

Heterogeneity: Tau? = 15.48; Chi? = 11.28, df = 5 (P = 0.05); I = 56%
Test for overall effect: Z = 0.52 (P = 0.60)
A

Anthocyanins Placobo

Study or Subgroup Mean SD_Total Mean SD_Total Weight 1V, Fixed, 95% CI

Curtis 2009 -0.59 753 26 -2.14 8.91
Davinelli 2015 1.41 953 16 -0.14 10.91
Hassellund 2012 0.41 853 27 -1.14 9.91
Liu 2008 058 8.82259032 30 -2.14 10.69807927
Qin 2009 1 10.59292217 60 -0.8 10.6
Zhu 2011 1.9 1019460642 73 -1.6 9.87471519
Total (95% Cl) 232

Heterogeneity: Chi? = 0.96, df =5 (P = 0.97); 1> = 0%
Test for overall effect: Z=1.17 (P = 0.24)

26
26
27
28
60
73

240

above supplementations that are responsible for the responses
antihypertensive effect. One systematic review conducted by
Wallace et al explored the effect of anthocyanins and antho-
cyanin-rich extracts on blood pressure, which detected no effect
of purified anthocyanins or anthocyanin-rich extracts on blood
pressure,”® also give compelling evidence for our conclusion
that anthocyanins supplementation may have no significant
effect on the change of either SBP or DBP.

Another possibility for the lack of significant effect of
anthocyanins on the blood pressure could be the baseline
characteristics of populations studied. The participants in
included studies were classified as mild hypertension or high
normal range. Some studies have indicated that the antihy}aer—
tensive effect is greater in subjects with higher baseline BP.*”*
Therefore, it may be more difficult to reduce a slightly elevated
BP than to reduce a highly elevated BP.

One retrospective study” (mean treatment duration was
24.32+10.43 months with 120mg anthocyanins daily)
suggested that anthocyanins can significantly reduce both

Mean Difference Mean Difference

Weight V. Random. 95% CI 1IV. Random. 95% CI

15.5% 7.00[-0.78, 14.78] I

7.9% 1.80[-11.53,15.13] ”
18.4% 2.00 [-4.47, 8.47] T
17.4% 2.29[-4.61,9.19] T
18.0% 3.10 [-3.54, 9.74] I
22.7% -6.20[-10.97,-1.43] -

100.0% 1.15[-3.17, 5.47]
50 25 0 25 50
Favours [ Anthocyanins] Favours [placobo]
Mean Difference Mean Difference
1V, Fixed. 95% Cl
15.6% 1.55[-2.93, 6.03] T
8.0% 1.55[-4.73,7.83] -1

12.9% 1.55[-3.38, 6.48] I

12.2% 1.56 [-3.51, 6.63] T

21.8% 1.80[-1.99, 5.59] ™

29.6% -0.30 [-3.56, 2.96] -
100.0% 1.06 [0.71, 2.83] >

-50 -25 0 25 50

Favours [ Anthocyanins] Favours [Placobo]

FIGURE 2. Forest plot detailing weighted mean difference and 95% Cl for the impact of anthocyanins supplementation on blood pressure
(A: SBP, B: DBP). Cl = confidence interval, DBP = diastolic blood pressure, SBP = systolic blood pressure.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 3. Funnel plot for publication bias of anthocyanins supplementation and blood pressure (A: SBP, B: DBP). DBP = diastolic blood

pressure, SBP =systolic blood pressure.

SBP and DBP. Besides, 1 observational study conducted by
Jennings et al demonstrated that a higher anthocyanin intake
reduced central systolic blood pressure (mean=+ SE:
—3 + 1.4mm Hg for quintile 5 compared with quintile 1; P-
trend =0.02). Compared with RCTs, observational studies
have longer duration.’® Thus, we can infer that longer inter-
vention time with anthocyanins may result in further reductions
in BP.

The present meta-analysis had several potential limita-
tions. First, we could not perform subgroup analyses due to the
small number of studies included in the meta-analysis. Second,
there was a moderate heterogeneity when assessing the effect of
anthocyanins supplementation on SBP, we screened possible
explanations including anthocyanins dose, baseline SBP,
location, and duration of supplementation to this observed
heterogeneity. However, the systemic result was not affected
by these characteristics. The leave-one-out analysis showed that
the summary estimate of SBP was not substantially changed
after excluding the study conducted by Zhu et al.'® Furthermore,
the studies included in this meta-analysis had short durations of
follow-up.

CONCLUSION

In summary, results from this meta-analysis do not favor
any clinical efficacy of supplementation with anthocyanins in
improving blood pressure. Further well-designed large RCTs
with long-follow-up periods are needed to verify the association
of anthocyanins supplementation and blood pressure.
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