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The association between fruit and vegetables (FVs) consump-
tion andhypertension risk remains controversial. A systematic
search was performed in PubMed and theWeb of Science for
relevant articles published in English or Chinese up to April
2015. A total of 25 studies with 334,468 patients (41,713
cases) were included in the present meta-analysis. When
comparing the highest with the lowest consumption, the
pooled relative risks of hypertension were 0.812 (95%
confidence interval, 0.740–0.890) for FVs, 0.732 (95% confi-
dence interval, 0.621–0.861) for fruit, and 0.970 (95% confi-

dence interval, 0.918–1.024) for vegetables. A significantly
inverse association between fruit consumption and hyper-
tension risk was found in studies carried out in Asia (relative
risk, 0.70; 95% confidence interval, 0.61–0.79). Influence
analysis revealed that no individual study had an excessive
influence on the pooled relative risks. The present meta-
analysis indicates that FV consumption might be inversely
associated with hypertension risk, which still needs to be
confirmed by prospective cohort studies. J Clin Hypertens
(Greenwich). 2016;18:468–476. ª 2016 Wiley Periodicals, Inc.

According to reports of the World Health Organization,
the global prevalence of hypertension was about 22%
among adults in 2014 (http://www.who.int/gho/ncd/
risk_factors/blood_pressure_prevalence/en/), and the
prevalence is projected to rise to 29.2% in 2025 without
intervention.1 In addition, hypertension has been
strongly associated with the risk of cardiovascular
disease, stroke, and kidney failure.2,3 Thus, it is indis-
pensable to pay attention to the prevention and control
of hypertension.

Several risk factors might be associated with
hypertension, such as genetic factors, obesity, physical
inactivity, and dietary factors.3–6 Among dietary fac-
tors, alcohol and dietary fat have been shown to be
significantly associated with an increased risk of hyper-
tension.4,7 In contrast, there were inverse associations
between the consumption of garlic8 and soya protein9

and the risk of hypertension. As important components
of diet, fruit and vegetables (FV) are rich in minerals,
vitamins, and folic acid, which have been reported to
have beneficial effects on endothelial function.10,11

Endothelial dysfunction is also a potential risk factor
for hypertension.12

Accordingly, many epidemiological studies have been
performed to investigate the relationship between FV
consumption and the risk of hypertension. However, the
results of these studies have been inconsistent. While FV
consumption has been found to be significantly associ-
ated with a decreased risk of hypertension in some
studies,13–18 Lin and colleagues19 found that FV con-
sumption was significantly associated with an increased

risk of hypertension, and no significant relationship was
found between FV and risk of hypertension in other
studies.20–23 Therefore, we systematically conducted a
meta-analysis to assess the hypertension risk for highest
vs lowest fruit and/or vegetables consumption,
separately.

METHOD

Search Strategy
We searched PubMed and the Web of Science system-
atically up to April 2015, using the following search
terms “fruit,” “fruits,” “vegetable,” “vegetables,”
“blood pressure,” and “hypertension.” The search
strategy in PubMed with Boolean terms is shown in
Data S1. The articles were restricted to English or
Chinese. We also reviewed the reference lists from
retrieved articles to identify further available studies not
captured by our databases. The detailed information is
shown in Figure 1.

Inclusion Criteria
Studies were included if they met the following criteria:
(1) an observational study (cohort, case-control, cross-
sectional); (2) the exposure of interest was the con-
sumption of fruit or/and vegetables; (3) the outcome of
interest was hypertension (systolic blood pressure [SBP]
≥140 mm Hg or diastolic blood pressure [DBP]
≥90 mm Hg); (4) relative risk (RR) or odds or hazard
ratios with 95% confidence interval (CI) provided; and
(5) the object of the study was the general population
(diabetes population excluded).

We chose the most recent studies if data from the same
population were duplicated in more than one study.

Two investigators (Bingrong Li and Fang Li) searched
articles and reviewed all retrieved studies independently.
If the two investigators disagreed about the eligibility of
an article, it was resolved by consensus with Dongfeng
Zhang.
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Data Extraction
Two investigators (Longfei Wang and Dongfeng Zhang)
independently extracted the following data: first
author’s name, publication year, study location, sex,
age, follow-up years, study design (cohort or case-
control or cross-sectional), sample size, number of cases,
measurement of BP (measured by investigators or
reported by participants), RRs (we presented all results
with RRs for simplicity) with corresponding 95% CIs
for the highest vs lowest categories of fruit or/and
vegetables consumption and adjusted covariates. The
RRs adjusted for the most confounders in the original
studies were extracted.

Statistical Analysis
Pooled measurement was calculated as the inverse
variance-weighted mean of the logarithm of multivari-
ate-adjusted RRs with 95% CIs to assess the strength of

associations between fruit and/or vegetables consump-
tion and the risk of hypertension. The I² was used to
assess heterogeneity among studies, and I² values of 0%,
25%, 50%, and 75% represent no, low, moderate, and
high heterogeneity, respectively. The fixed-effect model
(FEM) was used if moderate or lower heterogeneity
(I²<50%) was found; otherwise (I²50%), the random-
effect model (REM) was adopted. Meta-regression with
restricted maximum likelihood estimation was con-
ducted to explore potential sources of heterogeneity,
and P values from meta-regression were calculated with
a permutation test of 1000 to control the spurious
findings.24 Small-study effect was assessed with visual
inspection of the funnel plot and Egger test. All
statistical analyses were performed with STATA version
12.0 (StataCorp, College Station, TX, USA). All
reported probabilities (P values) were two-sided with
P<.05 considered statistically significant.

3026 ar�cles from PubMed
2005 ar�cles from Web of Science

130 full-text ar�cles reviewed

4901 ar�cles 
excluded on 
screening of �tles 
and/or abstracts

23 ar�cles (25 studies) included 
in present meta-analysis

108 ar�cles excluded 
because:
2 with duplicate data
21 trials
13 for dietary pa�ern
52 did not report RRs 
concerning the associa�on 
of FV and HTN risk
15 did not meet the 
diagnos�c criteria of HTN
5 with inverse exposure 
and outcome

1 addi�onal ar�cle 
found in reference 
list

FIGURE 1. Flow diagram of literature search. RRs indicate relative risks; FV, fruit and vegetables; HTN, hypertension.
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RESULTS

Literature Search
Initially, 3026 articles from PubMed and 2005 articles
from the Web of Science were identified. A total of
4901 articles that were not relevant to the association
of fruit and/or vegetables consumption and the risk of
hypertension were excluded. We further excluded 108
articles after reviewing the 130 full-text articles. The
detailed reasons for the exclusion of the articles are
presented in Figure 1. One additional article was
included after reviewing the reference lists from
retrieved articles.25 As a result, a total of 23 articles
met the inclusion criteria.

Study Characteristics
A total of 25 studies from 23 available articles7,13–23,25–36

with 334,468 patients (41,713 cases) were included in the
present meta-analysis, because two articles included two
studies independently.13,17 Among these studies, two
studies were carried out in the United States,20,21 13 in
Asia,7,13,15,17,19,23,27–29,33,36 five in Europe,14,18,22,32,35

and five in Africa.16,25,26,31,34 As for study design, there
were three cohort studies,20,22,35 two case-control
studies,7,21 and 20 cross-sectional studies.13–19,23,25–
29,31–34,36 The baseline characteristics of the studies are
shown in the Table.

Quantitative Synthesis
FV Consumption and Risk of Hypertension. Sixteen
studies from 14 articles13–23,29,33,35 involving 541,792
patients (33,209 cases) evaluated the relationship
between FV consumption and the risk of hypertension.
Among the 16 studies, 11 revealed an inverse associa-
tion and one showed a positive association, while four
studies indicated no relationship. The pooled RR of
hypertension for the highest vs the lowest consumption
of FV was 0.812 (95% CI, 0.740–0.890; I2=84.7%;
REM; Pheterogeneity=.000 [Figure 2]). Subgroup analysis
by study design was conducted (Figure S1). The result
suggested that there was a significant inverse association
between FV consumption and risk of hypertension in
the case-control and cross-sectional studies (RR, 0.80;
95% CI, 0.73–0.89; I2=85.4%; REM), but the inverse
association was not statistically significant in the cohort
studies (RR, 0.83; 95% CI, 0.60–1.14; I2=73.4%;
REM).

There were four studies in women and three studies in
men. The pooled RRs were 0.83 (95% CI, 0.69–0.99;
I2=88.4%; REM [Figure S2]) for women and 0.75 (95%
CI, 0.59–0.95; I2=68.5%; REM [Figure S3]) for men.
Nine studies were carried in Asia, and the pooled RR
was 0.80 (95% CI, 0.71–0.91; I2=85.9%; REM;
Pheterogeneity=.000 [Figure S4]).

Fruit Consumption and Risk of Hypertension. Eight
studies7,20,22,26–28,31,36 involving 52,358 patients
(16,960 cases) evaluated the relationship between fruit

consumption and the risk of hypertension. Among the
eight studies, five revealed an inverse association while
three showed no relationship. The pooled RR of
hypertension for the highest vs the lowest consumption
of fruit was 0.73 (95% CI, 0.62–0.86; I2=68.9%; REM;
Pheterogeneity=.002 [Figure 3]). Subgroup analyses by
continent and measurement of blood pressure (BP) were
conducted (Figures S5 and S6). The results suggested
that there was a statistically significant inverse associ-
ation between fruit consumption and the risk of
hypertension for studies carried out in Asia (RR, 0.70;
95% CI, 0.61–0.79; I2=0%; REM) and in Africa (RR,
0.64; 95% CI, 0.47–0.86; I2=0%; REM), but the
inverse association was not statistically significant in
America and Europe (RR, 0.94; 95% CI, 0.87–1.02;
I2=0%; REM). The pooled RRs were 0.69 (95% CI,
0.61–0.77; I2=0%; REM) among studies in which BP
was measured by the investigators and 0.94 (95% CI,
0.87–1.02; I2=0%; REM) among studies in which BP
was reported by the participants.

Vegetables and Risk of Hypertension. Six
studies20,22,25,31,32,34 involving 84,906 patients
(19,832 cases) evaluated the relationship between veg-
etable consumption and risk of hypertension. Among
the six studies, one revealed an inverse association while
five showed no relationship. The pooled RR of hyper-
tension for the highest vs the lowest consumption of
vegetables was 0.97 (95% CI, 0.92–1.02; I2=49.5%;
FEM; Pheterogeneity=.078 [Figure S7]).

Meta-Regression
To explore the sources of heterogeneity, meta-regression
with the covariates of year, continent, study design,
status of adjusting for body mass index, and measure-
ment of BP were performed. In the analysis of fruit
consumption and risk of hypertension, study design
(P=.017) and measurement of BP (P=.037) were found
to contribute to heterogeneity. However, in the analyses
of FV consumption and vegetable consumption and the
risk of hypertension, no covariates were found to
contribute to heterogeneity.

Influence Analysis and Small-Study Effect
Influence analysis revealed that no individual study had
an excessive influence on the above-mentioned pooled
RRs. The funnel plot and Egger test showed no evidence
of significant small-study effect in the analysis between
hypertension risk and consumption of FV (P=.198;
Figure 4) and vegetables (P=.216; Figure S8). For fruit
consumption and hypertension risk, a small-study effect
was found (P=.002; Figure S9); however, after removing
one study20 that had a strong effect on heterogeneity, no
significant small-study effect was found (P=.195; Fig-
ure S10) and the result remained significant (RR, 0.70;
95% CI, 0.63–0.78; I2=0%; Pheterogeneity=.625; FEM
[Figure S11]).
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DISCUSSION
Our meta-analysis included 25 studies from 23 available
articles. To the best of our knowledge, this is the first
meta-analysis to quantitatively evaluate the relationship
between FV consumption and hypertension risk. The
findings were indicative of inverse associations between
the consumption of FV and fruit and the risk of
hypertension. In the subgroup analyses, there was a
significant inverse association between fruit consump-
tion and the risk of hypertension for studies carried out
in Asia. The difference between continents may be
influenced by the social and economic status of its
populations. Most studies were carried out in Asia,
which may also affect the difference. The association
was also significant among studies in which BP was
measured by investigators. The reason might be that the
BP measured by investigators was more accurate than
self-reported BP.

There are several reasons behind the relationship
between fruit and/or vegetables consumption and the
risk of hypertension. First, FV are high in potassium,
magnesium, vitamin C, folic acid, flavonoid, and
carotenoid, which have been postulated to lower BP
through improving endothelial function, modulat-
ing baroreflex sensitivity, causing vasodilation, and
increasing antioxidant activity.10,37–40 Second,

increased FV consumption may have an impact on diet
structure, especially on increased dietary fiber consump-
tion and reduced fat intake. High fat consumption has
been shown to be significantly associated with increased
risk of hypertension.7

Between-study heterogeneity is common in meta-
analysis,41 and it is indispensable to explore the
potential sources of heterogeneity among studies.
Moderate to high heterogeneity was found in the
present meta-analysis. The results of meta-regression
and subgroup analyses revealed that the heterogeneity
was associated with study design, continent, and
measurement of BP. Several possible reasons may give
rise to heterogeneity. First, differences in FV type,
method of preservation, and cooking methods may
contribute to the heterogeneity. Second, Fan and
colleagues21 found that the relationship of FV con-
sumption with hypertension was different between
hypertensive patients who were on treatment and those
who were not on treatment. However, the status of
adjusting for therapy method was not provided in most
of our studies. This may also contribute to the hetero-
geneity. Third, the difference between newly diagnosed
hypertensive patients and hypertensive patients may
influence heterogeneity. Finally, one study by Lin and
colleagues19 included only adults with disabilities,

NOTE: Weights are from random effects analysis
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which was different from other studies. Thus, the
population characteristics may also potentially con-
tribute to the between-study heterogeneity.

STUDY STRENGTHS
Our meta-analysis has several strengths. First, the
present meta-analysis included a large number of
participates, thus reducing sampling error to a great
extent. Second, nearly all included studies had
adjusted for potential confounders, including age,
body mass index, alcohol intake, and family history

of hypertension, increasing the credibility of the
results. Third, we found a significantly inverse asso-
ciation among studies in which BP was measured by
investigators, indicating that the results were stable
and accurate.

STUDY LIMITATIONS
The present meta-analysis also has several limitations.
First, the researchers adjusted for some confounders but
were diverse. Second, the measurement of BP was
different in original studies, ie, reported by participants
or measured by investigators. Third, the difference in
diet assessment methods may influence the results in
some degree. Some studies were measured with a food
frequency questionnaire and others with a dietary
history questionnaire. Last, we found an inverse
association between FV consumption and the risk of
hypertension in cohort studies, which was not
statistically significant. This may be a result of the
small number of cohort studies. Therefore, further
prospective cohort studies are still needed to confirm
these findings.

CONCLUSIONS
The present meta-analysis revealed that the consump-
tion of FV and fruit may reduce hypertension risk.
Increased FV consumption should be advocated for the
primary prevention of hypertension.
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