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The association between fruit and vegetables (FVs) consump-
tion and hypertension risk remains controversial. A systematic
search was performed in PubMed and the Web 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. © 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 1projected to rise t0 29.2% in 2025 without
intervention.” In addition, hypertension has been
strongly associated with the risk of cardiovascular
disease, stroke, and kidney failure.>> 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.>® Among dietary fac-
tors, alcohol and dietary fat have been shown to be
significantly associated with an increased risk of hyper-
tension.®” In contrast, there were inverse associations
between the consumption of garlic® and soya protein’
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.'®'!
Endothelial dysfunction is also a potential risk factor
for hypertension.'?

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,’*'® Lin and colleagues'® found that FV con-
sumption was significantly associated with an increased
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risk of hypertension, and no significant relationship was
found between FV and risk of hypertension in other
studies.”®?® 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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FIGURE 1. Flow diagram of literature search. RRs indicate relative risks; FV, fruit and vegetables; HTN, hypertension.

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% ClIs
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% ClIs to assess the strength of

associations between fruit and/or vegetables consump-
tion and the risk of hypertension. The I? was used to
assess heterogeneity among studies, and I? 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
(I’<50%) was found; otherwise (I*50%), 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.”* 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.
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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.”’ As a result, a total of 23 articles
met the inclusion criteria.

Study Characteristics

A total of 25 studies from 23 available articles
with 334,468 patients (41,713 cases) were included in the
present meta-analysis, because two articles included two
studies independently.'>!” Among these studies, two
studies were carried out in the United States,”®*! 13 in
Asia, »131517:19.2327-29.33,36 fuein Europe, 1#18:22:32:35
and five in Africa.!®%%:2031:3% A for study design, there
were three cohort studies,”®?>3° two case-control
studies,”?! and 20 cross-sectional studies.!3 192325~
29,31-34.36 The baseline characteristics of the studies are
shown in the Table.

7,13-23,25-36

Quantitative Synthesis

FV Consumption and Risk %f H3ypertension. Sixteen
studies from 14 articles'?2*2%3%% 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; I*=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; I°=85.4%; REM), but the inverse
association was not statistically significant in the cohort
studies (RR, 0.83; 95% CI, 0.60-1.14; I’=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;
I’=88.4%; REMZ[Figure S2]) for women and 0.75 (95%
CI, 0.59-0.95; I'=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; *=85.9%; REM;
Pheterogeneity:-ooo [Figure 54])

Fruit Consumption and Risk of Hypertension. Eight
studies”20-2:20-28:31.36  inyolving 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; I’=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; I>=0%; REM) and in Africa (RR,
0.64; 95% CI, 0.47-0.86; I’=0%; REM), but the
inverse association was not statistically significant in
America and Europe (RR, 0.94; 95% CI, 0.87-1.02;
I’=0%; REM). The pooled RRs were 0.69 (95% CI,
0.61-0.77; I’=0%; REM) among studies in which BP
was measured by the investigators and 0.94 (95% CI,
0.87-1.02; I*=0%; REM) among studies in which BP
was reported by the participants.

Vegetables and  Risk  of  Hypertension. Six
studies?®?#2331:323% inyolving 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; I’=49.5%;
FEM; Pheterogencity=-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 study?’ 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; ’=0%; Phererogenciy=-625; FEM
[Figure S11]).

470 The Journal of Clinical Hypertension Vol 18 | No 5 | May 2016



Li et al.

Fruit and Vegetables and Hypertension

Bupjows pue ayejul
ysly ‘exejul suiedb ajoym ‘exejul Aurep
hlej-mo| ‘@xejul wnipos ‘uoisuauadAy jo

uoisuapadAy

pue sa|gelaban
10} (6€°1-GG°0) 28°0

uoisuapadAy

2zSonbes|j00

pue Hnuy 1o} (22" 1-65°0) G8°0 pue
[Auoys1y Ajwey ‘joyooje ‘Alianoe [eoisAyd wedoiped uoisuapadAy BqOpI0D
‘INg ‘oxelul ABisus [e10} ‘xas ‘eby Aq papodey pue A4 10} (01°1-G50) 820 (9zv) v6598 uoyo) L'v/56-02 (6002) ureds -zounN
0€ 10 JoINd |\g se Alsaqo |esouab
‘Aisaqo [enuad ‘sajeqelp Jo Aioisiy
Awey ‘leaw se uayoiyo Buirey ‘leaw Joyebnsanul uoisuapadAy |euoijoas gzSoNbes|j00
se 20U Buiney ‘[oAs| uoeanps ‘eby Aq painsesy pue unJy 1o} (98°0-L°0) ¥9°0 (9vg) €8LL -$S010 ov< (P102) UeYByY pue paseg
Jeak
Aanns ‘uoisuspadAy Joy uoneonpa
‘awodul ‘uoiyeonpa ‘Auanoe [eoisAyd
‘uondwnsuod |oyooje ‘Bunjows
‘oxyejul wnipos ‘ABisus ‘O-1aH ‘O-1a1 Joyebnsanul uoisuapadAy |euonoas ,zSenbes|j00
‘sopLeoA|BLi ‘esoon|b Bunsey ‘INg @By Aq painsesy pue uniy 1o} (6°0-29°0) 92°0 (8€01) 1626 -Ss0.1D 961 (¥ 102) B2I0Y pue Buog
sunJy
paup ‘sbbBa ‘sueaq ‘uaydIyod ‘quiel
J0 uondwnsuod ‘ysiy Jo uoidwnsuod
‘|oe)saloyo ‘sejaqelp ‘onel
diy-isiem ‘ezis siem ‘NG ‘Ananoe
‘Bunjiem ‘Bupjuup joyodle ‘Bunjows
apaJeblo ‘|aAs] uoneonpa ‘sniels Joyebnsanul uoisuapadAy |euoinoas (6002) omwm:mmm__oo
|ey ew ‘xas ‘@ouapisal jo aoeld ‘aby Aqg painses|y pue }nJy 4oy (L0 L-8%°0) 69°0 (€12) zosL -SS04) 02< UBO20ION pue ize]
Aunnoe
leoisAyd awn-ainsig| ‘Bupjows
‘uondwnsuod abeianaq dljoyodfe
yb1y ‘uondwnsuods abeianaq oloyoole
ajesapow ‘yes Buippe ‘syonpoud
jeaw payows Bunes ‘uondwnsuod
99)J09 ybiy ‘uondwnsuod
99JJ00 ajelopow ‘Y|iw djoym Bunuup Joyebnsanul uoisuapadAy leuonoas ,, Sonbes|j00
‘Je} [ewlue Jo asn ‘NG paseasoul ‘9by Aq painsespy pue A4 10} (670-9°0) L0 (1591) 0206 -Ss0.1D 81< (6002) eneo1d pue iuayn
INgG ‘sinu pue ‘s}onpoud
Aep 1ej-moj ‘syeaw pai ‘surelb
ajoym jo ayejul ‘elwsjosalsajoyosadAy uoisuapadAy
10 Aiojs1y ‘sajaqelp jo Alolsiy ‘esn pue sa|gelaban
huawa|ddns uiwepAlNW ‘@sn suowJoy 104 (90°1-16°0) 86°0
lesnedouaw ‘snjejs |esnedouswiysod uoisuapadAy
‘osloloxa ‘exejul joyoole pue 1nJ} Jo} (0" L-88°0) S6°0
Ajrep ‘Bupjowss ‘quawieal} paziwopuels wedoiped uoisuapadAy ozSenbes)joo
‘oxejul AB1sua [ejo} ‘eoel ‘Oby Aq papoday pue A4 4o} (€1°1-€670) €0°L (e€9'cl) 28082 Hoyoo 6°C1/686€ (¢102) sn pue Buepm
sajeleno? 1o} Juawisnipy JuawWiaINSeaN (19 %S6) Y (sesen) uBisaqg siea) ‘dn (1rea ) Qoualajey
ainssald poolg azIg a|dwesg Apmis -moj|o4/a6y Anunop

uoisuaspadAH 10 ¥siY ay1 pue sa|ge}abs) Jo/pue 1nJ4 jo uoirdwnsuo)) Uo papn|ou| SSIPNIS 8y} JO SolIsLdloe/eyY) "J19V.L

471

The Journal of Clinical Hypertension Vol 18 | No 5 | May 2016



Li et al.

Fruit and Vegetables and Hypertension

(suijeseq)

ayejul ABiaua |B1o) pue ‘[and] Alanoe Joyebnsanul uoisuapadAy (0102) cgSonbes|joo
[eoisAyd ‘|Ng ‘uoneonpe ‘abe ‘xeg Aq painsespy pue A4 4o} (€6'0—0t°0) 190 (091) 65 Hoyoo 8'€/0h< asanbnyod pue ssowed
uoipdwnsuod dnoib pooy} Jayjo pue
Auanoe [eoisAyd snoioBin pajejas-yiom o, S@NnbBed)||00
‘diysioumo uoisiInsjel ‘|Ng‘salqereA Joyebnsanul uoisuapadAy leuonoas (0102) BOWY pue
Bundwes ‘abej|In pue xas ‘aby Aqg painsespy pue A4 Jo} (00°1-22°0) 2P0 (8e1) 599 -SS04) gI< ueJjeyeg-qng zaJwey ap
sNje}s [ejuew pue ‘[aas) jedoied uoisuapadAy (ev8‘ol) |o;u0d \zSenBes|joo
uoneonpa ‘Ayoluyie/eoel ‘xes ‘aby Aq papodey pue A4 10} (S0°L-26°0) 8670 2r9'86l -ose) Gp< (0102) sn pue uey
sojeqelp
‘awoJpuAs oljoqelow ‘sapladA|BL}
ybiy ‘joseysajoyod ybiy ‘Alisaqo |esuad
‘Alsago/ybioamiano ‘esn 0ooeqo} usawom uj uoisuapadAy
Jo/pue Bunjows ‘ye} Aiejaip ybiy pue A4 10} (69°0-€¥°0) G0
‘Auanoe |eaisAyd ‘uoissaidap ‘snyels JoyeBnsanul usw uj uoisuapadAy |euonoss ¢ Senbesyj0o
2lWOU0D30100s ‘shjels [euoheonpl Aq painsespy pue A4 4o} (L2°0-Lt°0) 90 (9.%1) L1288 -§S01D G/.-0C (€102) elpu| pue eydng
ING ‘uoisuapadAy uoisuapadAy (#102)
j0 Aoisiy Ajiwey ‘ym/uiw g Bupjiem Joyebnsanul pue sa|gelabon |euonoes eidoiylg yeSonbes|j00
sAep Jo Jaquwinu ‘asn jes ‘obe ‘xag Aq painses|y 104 (58°0-22°0) V0 (911) 815 -SS04) 1e< ulayinosg pue ojg|oH
dg lewsouge ‘yblamisano ‘asiosoxa
leoisAyd Jeinbau ‘exejul sapisul
lewiue “aip Ajes ‘eyejul joyooje
‘lona] uoneonpa ybiy ‘Aioysiy Ajiwey Joyebnsanul uoisuauadAy pue |euonoas 5, Sonbes)|j00
pANsod ‘yiom Arejuepes Apueulwopaid Aq painsespy Nd 10} (266°0—82°0) 288°0 (599) 8eve -ss01D Ge< (0102) BUIYD pue BuenH
uoisuapadAy
uondwnsuod joyodle juedpiped pue sa|gelaban |euonoas zgSonbes|j00
pue ‘asn 02oeqO}‘UolEBINPS ‘XBS ‘aby Aq papoday 40} (90°1-06°0) 86°0 (5625) £69°91 -$S010 SI< (8661) 1€} pue eiyoosA e
90UaJaJWNoUID
1sIem ‘|IINgG ‘|aA9] Aujigesip JoyeBnsanul uoisuapadAy |euonoss 5.S@nbes)j00
‘Aylgesip jo adAy ‘snyejs [ejuew ‘oby Aq painses|y pue A4 o} (45°2—90°L) ¥9'L (8z2) €8 -$S010 0g< (¢1oe) BUIYD pue ur
uoisuapadAy
pue sa|qejeban
10} (20" 1-€€°0) 85°0
JoyeBisanul uoisuapadAy |euonoss _mwm:mmm__oo
[9A3] UOIEINPS pue ‘xas ‘eby Aq painsespy pue iy} 1o} (26°0-€€°0) G5°0 (021) ove -§S01D 8681 (€102) eAuay pue uepuniy
sajeleno? 1o} uawisnipy jJuawiaINSeaN (19 %S6) HY (sesen) uBisaqg siea) ‘dn (eap) Qoualaey
ainssald poo|g o9z|g o|dweg Apnig -Mmo||04/abBy Anuno)

(Penunuon) uoisusuiedAH JO ¥YsiY 8y1 pue se|geiabs 1o/pue 1ni4 Jo uoindwnsuo) Uo papn|ou| SeIpnis a8yl Jo solsueloeiey) 314Vl

The Journal of Clinical Hypertension Vol 18 | No 5 | May 2016

472



Li et al.

Fruit and Vegetables and Hypertension

uoisuapadAy
10 Moysiy Ajwey ‘sbbs ey ‘joyoole

SU 9AneIa] ‘HY ‘so|gqe1aBban pue HnJy ‘A4 {eAI9)Ul 92USPHUOD ‘| Xapul ssew Apoq ‘|G :SuonelnaIqay

‘Bupjows ‘snjejs dIWOU0DI0I00S Joyebnsanul uoisuapadAy pue |0J3u0d ,senbes|jo00
‘snjejs [euoneonpa ‘|Ng ‘xes ‘eby Aq painsespy HNJ Jo} (288°0-+95°0) 80L'0 (c12) so9L -ose) 18-6¢ (£002) BUIYD pue BuiAnoys
N4y Jo AJsuen ‘NG ‘loyodfe ‘aseasip Joyebnsanul uoisuapadAy pue [euonoas ogSONbes||00
JE|NOSEA0IGaIaD Jo Aiolsiy Ajiwey ‘eby Aq painsesy HNnuy 10} (£18°0-89€°0) L¥S0 (cze) 196 -ss01) 69-GL (L1L0g) BUIYD pue uig
Joyebnsanul uolsuapadAy pue [euonoas ecSONBed||00
110 Buiyood ‘pooy papiold Aq painsesy Ad 10} (E1L22°0-66¥9°0) LLO (Log) 9521 -ss01) Gz< (6002) BUIYD pue InH-uelr
INg ‘pooy papald ‘syonpoud Joyebnsanul uoisuapadAy [euonoas szSonbea||00
ueaq jo Aousnbayy ‘uoednooo ‘eby Aq painsesy pue A4 Jo} (88°0-0.°0) 62°0 (152) 6692 -SS0ID 8I< (L1L0Z) BUIYD pue 10
pooy payows pue papoid
‘SpPoo} pauy ‘syeams ‘sjonpoud ueaq
pue sueaq ‘syonpoud 66e pue sbba
‘syonpoud Atep pue yjiw ‘syonpoud Jo01ebipsanul uoisuapadAy |euonjoss £zSonbes||00
onenbe Jayjo pue ysy ‘yesw ‘sures Aq painsesy pue A4 10} (0°8-99°0) LEC (z1) 101 -ss01) 15-1€ (L102) BUIYD pue uefoeys
uw o}
Joj snyeys Bupjiem ‘uoisuapadAy
jo Moysy Ajiwey ‘sajeqelp uoisuapadAy (c102)
papodal-yas ‘|Ng ‘uonednodso Joyebnsanul pue sa|gejaban [euonoas eidoiylg 5zSonbea)|j00
‘snjejs [ejew ‘[9AS] uoneonpe ‘eby Aq painsesy 10} (G€°€-19°0) €V L (c61) 629 -$8010 Gge< 1S8MUHON pue aomy
jwedpiped uoisuapadAy (90€1) |euonoss s _wozmmm__oo
Buyows ‘NG ‘oby Aq papoday pue A4 Jo} (26°0-19°0) LL°0 9€°0L -$8010 81< (¥ L02) puelaJ] pue uoireg
uswom uj uoisuapadAy
uondwnsuod pue A4 4o} (96°0-98°0) 1L6°0
1e} poajeJnies ‘jes ‘loyooe Joyebnsanul uaw ul uoisuapadAy |euooas 4, ubuis
‘Jo|Nng pue |10 1Nu020d ‘|Ng ‘ObY Aq painsesy pue A4 4o} (S6°0-92°0) G8°0 (sge) L8 -$8010 ¥9-G2 (26611) E1pU| pue wobsag
s9jeleA0) 1o} Juawisnipy JusWaINSEaN (1D %S6) UY (sasen) uBisaq siea) ‘dn (reap) aouaIaley
ainssald poo|g az|g 9|dwes Apnig -Moj|o4/aby Auno)

(pPenuURUOD) uoisuauadAH 4O MsiY 8y} pue

so|geiebay\ Jo/pue uni4 jo uondwnsuo) Uo Papn|oul seIpnig 8y} Jo solisusioe/ey) 319Vl

473

The Journal of Clinical Hypertension Vol 18 | No 5 | May 2016



Fruit and Vegetables and Hypertension | Liet al.

author year RR (95% CI) Weight (%)
=

Lu Wang 2012 1. 1.03(0.93,1.13) 8.85
Uhernik, A. I. 2009 —0—;— 0.70 (0.60, 0.90) 6.66
Nunez-Cordoba, J. M 2009 0.78 (0.55, 1.10) 4.11
Lan-Ping Lin 2012 V| 1.64 (1.06, 2.54) 3.06
Shugiong Huang 2010 == 0.88 (0.78,0.99) 8.46
Rajeev Gupta 2013 —_— 0.60 (0.47,0.77) 5.76
Rajeev Gupta 2013 -_— E 0.54 (0.43,0.69) 5.97
Amy Z. Fan 2010 i - 0.98 (0.92, 1.05) 9.35
S Stewart de Ramirez 2010 * . l 0.47 (0.22,1.00) 1.29
Raheena Beegom 1997 0.85(0.76, 0.95) 8.58
Raheena Beegom 1997 - 0.91 (0.86, 0.96) 9.49
Steve Barron1 2014 —_— 0.77 (0.64, 0.92) 7.1
W U Shaoyan 2011 ' 2.31(0.66, 8.04) 0.52
QlLi 2011 - 0.79 (0.70,0.88) 8.53
YUAN Jian Hui 2009 - 0.71(0.65,0.77) 9.05
Camoes, M 2010 —_— 0.61(0.40,0.93) 3.21
Overall (I-squared = 84.7%, p = 0.000) 0 0.81 (0.74,0.89) 100.00
NOTE: Weights are from random effects analysis E

A2 5 1 2 5 10

FIGURE 2. Forest plot of the relative risks (RRs) with corresponding 95% confidence intervals (Cls) of studies on fruit and vegetables

consumption and risk of hypertension.

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.'®3”*%  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.”

Between-study heterogeneity is common in meta-
analysis,*" 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
colleagues®! 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
colleagues™” included only adults with disabilities,
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author year RR (95% Cl) Weight (%)
i
1

Lu Wang 2012 ! 0.95 (0.88, 1.04) 20.12
1
1

M.A. Tazi 2009 —— 0.69 (0.48, 1.01) 10.10
1
1

Hong Ji Song 2014 —=— 0.76 (0.62, 0.94) 15.79
1
1

Khwaja Mir Islam Saeed1 2014 —— 0.64 (0.47, 0.86) 12.29
1
1

Nunez-Cordoba, J. M 2009 — 0.85(0.59, 1.22) 10.35
1

Victor Mundan 2013 —_— 0.55 (0.33, 0.92) 6.86
1

CHEN Bin 2011 —_— 0.55(0.37,0.81) 9.41
1

CHEN Shou ying 2007 —&— 0.71 (0.56, 0.89) 15.08
1

Overall (I-squared = 68.9%, p = 0.002) @ 0.73 (0.62, 0.86) 100.00
i
1

NOTE: Weights are from random effects analysis H
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FIGURE 3. Forest plot of the relative risks (RRs) with corresponding 95% confidence intervals (Cls) of studies on fruit consumption and risk of

hypertension.
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FIGURE 4. Funnel plot with pseudo 95% confidence limits for the
analysis of fruit and vegetables consumption and risk of
hypertension. s.e. indicates standard error; RR, relative risk.

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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