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Abstract

Background

Randomized controlled trials provide conflicting results on the effects of increased fruit and

vegetable consumption on changes in body weight. We aimed to perform a systematic

review and meta-analysis of prospective cohort studies on fruit and vegetable consumption

in relation to changes in anthropometric measures.

Methods

PubMed and EMBASE were searched up to July 2015 for prospective studies reporting on

habitual fruit and/or vegetable consumption in relation to changes in body weight or waist

circumference or to risk of weight gain/overweight/obesity in adults. Random-effects meta-

analysis was applied to pool results across studies.

Findings

Seventeen cohort studies (from 20 reports) including 563,277 participants met our inclusion

criteria. Higher intake of fruits was inversely associated with weight change (decrease)

(beta-coefficient per 100-g increment, -13.68 g/year; 95% CI, -22.97 to -4.40). No significant

changes could be observed for combined fruit and vegetable consumption or vegetable

consumption. Increased intake of fruits was inversely associated with changes (decrease)

in waist circumference (beta: -0.04 cm/year; 95% CI, -0.05 to -0.02). Comparing the highest

combined fruit & vegetable, fruit, and vegetable intake categories were associated with a

9%, 17%, and 17% reduced risk of adiposity (odds ratio [OR]: 0.91, 95% CI, 0.84 to 0.99),

(OR: 0.83, 95% CI, 0.71 to 0.99), and (OR: 0.83, 95% CI, 0.70 to 0.99), respectively.
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Conclusion

This meta-analysis showed several inverse associations between fruit and vegetable intake

and prospective improvements in anthropometric parameters, and risk of adiposity. The

present meta-analysis seems to be limited by low study quality. Nevertheless, when com-

bined with evolutionary nutrition and epidemiological modeling studies, these findings have

public health relevance and support all initiatives to increase fruit and vegetable intake.

Introduction
International and national dietary guidelines recommend an increased intake of fruit and vege-
tables. The World Health Organization and the Food and Agriculture Organization, for exam-
ple, recommend to eat at least 400 g of fruit and vegetables per day, excluding potatoes and
other tuberous root vegetables [1]. Several national authorities launched “5-a-day” campaigns
with recommendations to eat up to 650 g fruit and vegetables per day [2].

The recommendation to eat a certain amount of fruit and vegetables is based on evaluation
of short-term randomized controlled trials on cardiovascular risk factors, associated with
blood pressure reductions [3–5] and of long-term prospective observational studies from
which the majority report that a higher fruit and vegetable intake is associated with a reduced
risk of all-cause mortality, cardiovascular disease, diabetes, hypertension and several cancer
types [2, 6].

As importantly, and as should be excepted, studies [7, 8] of human evolutionary (or ances-
tral) nutrition, and basic and antioxidant science, gives strong evidence for types of mecha-
nisms involved in plant food conferring wide ranging with metabolic health [9–11].

One of the additional impacts of a diet consisting of a high proportion of fruit and vegeta-
bles aside from chronic diseases could be a slower weight gain over time compared to diets
with a low proportion. Fruit and especially non-starchy vegetables have a low energy density
and thus may help in preventing weight gain [12]. However, the second World Cancer
Research Fund/American Institute for Cancer Research (WCRF/AICR) Expert Report from
2007 concluded that there was only probable evidence for an association between low energy-
dense foods including non-starchy vegetables and a decreased risk of weight gain, overweight,
and obesity [13]. For fruit the evidence was considered as limited and inconclusive [13]. A
more recent critical evaluation of the evidence from prospective studies from 2012 by a differ-
ent group fromWCRF concluded that there is possible evidence that an increase in the con-
sumption of fruit and vegetables contributes to weight stability [2].

However, when considering studies in this research field one is faced with different con-
structs. Whereas in one type of study habitual diet is investigated with respect to its long-term
effect on weight, in the other type of study, change in fruit and vegetable consumption on
weight change is investigated.

Two recent meta-analyses of randomized trials (RCTs) on change in dietary fruit and vege-
table and changes in body weight gave conflicting results. The first meta-analysis included
eight trials and reported that an increase in fruit and vegetable intake (on average 133g)
induced a 0.68 kg smaller body weight increase during a median duration of 14 weeks com-
pared to those with no increase in intake [14]. These results should be interpreted with caution,
since the confidence interval for one study only narrowly avoided zero. The second meta-anal-
ysis concluded, however, that there is only suggestive evidence (standard mean difference:
-0.16) to recommend increased intakes for prevention of weight gain [15]. The main outcomes
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studied for these meta-analyses were different, and therefore the included studies varied.
Another systematic review of experimental and longitudinal studies concluded that an inverse
relationship between fruit and vegetables intake and adiposity among overweight adults seems
to be weak [16].

Various reasons for such equivocal results could include the quality of mass marketed fruit
and vegetables produced in large mono-cultural agribusiness, compared with higher nutrient
quality produce from mixed low-tech agriculture [17].

RCTs of dietary interventions are limited firstly by not being the correct choice for studies
where standardization of one item is impossible. Detailed dietary studies require nutrient meta-
bolomics and wholefood grading appropriate for metabolic health. Mathematical systems
modeling can help to deal with the most influential variables. The oft-quoted lack of double
blinding, poor compliance, could contain crossover bias [18], high dropout rates as demon-
strated by the evaluation of RCT studies in the recent meta-analyses [19, 20]. These are likely
signs of inappropriate study design. However, few studies have been undertaken with such
food nutrient modeling, so well-designed prospective cohort studies could add important
information and provide complementary high level evidence on the research question.

Therefore, the aim of the present systematic review and meta-analysis was to address the
relation of habitual fruit and vegetable consumption with subsequent changes in anthropomet-
ric variables in adult populations, via analyzing data from prospective cohort studies. Usually,
these populations gain weight over time and the outcome of the studies will be gain in anthro-
pometric variables in relation to average gain.

Materials and Methods
This systematic review was planned and conducted according to the standards of the Meta-
analysis of Observational Studies in Epidemiology [21]. Our protocol has been registered in the
PROSPERO International Prospective Register of Systematic Reviews (crd.york.ac.uk/pros-
pero/index.asp, identifier: CRD42014013692).

Literature Search
A systematic search was performed in PubMed (from 1966) and EMBASE (from 1980) for
studies published until July 2015. We searched for articles of original research by using the fol-
lowing search terms: ("fruit" OR "vegetable" OR "fruits" OR "vegetables") AND ("weight" OR
"waist circumference" OR "obesity" OR "BMI" OR "body mass index" OR "hip" OR "energy
intake" OR "energy balance") AND ("longitudinal" OR "prospective" OR "cohort" OR "change"
OR "follow-up" OR "nested").

No restrictions to language were made. We manually examined the reference lists from arti-
cles eligible for inclusion and from systematic reviews of observational studies [2, 16, 22–24].
The search was conducted independently by three authors (LS, TKU and BB), with disagree-
ments resolved by consensus.

Eligibility criteria
Studies were included in the meta-analysis if they met all of the following criteria: (i) prospec-
tive observational study design with information of at least one measurement of fruit or vegeta-
ble intake (starchy tubers were excluded), or both combined, and measurement of change in at
least one anthropometric characteristic. Note that only whole fruits were considered, and stud-
ies reporting only consumption of fruit juices were excluded); (ii) the primary outcomes were:
change in body weight (increase and/or decrease), either measured continuously (g/year) or
binary as incident major weight gain (e.g., incidence of gaining a specific amount of weight),
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and in overweight (Body Mass Index, BMI:�25 kg/m2) /obesity (BMI:�30 kg/m2); and the
secondary outcomes were: change in waist circumference (increase and/or decrease), and BMI;
(iii) reported adjusted beta-coefficients with corresponding standard error, or data necessary
to calculate these (95% confidence intervals, (95% CI), standard deviations, p-values); (iv)
adjusted odds ratios with corresponding 95% CI or standard error; (v) mean body weight
changes with corresponding standard error and (vi) participants were adults (aged 18 years or
over) and free of chronic disease (cardiovascular disease, cancer) at study inception. When a
study was published in duplicate, we included the version containing the most comprehensive
information (latest information in the case of follow-up studies).

Data extraction and quality assessment
We extracted the following data from each study: first author’s name, publication year, loca-
tion, cohort name, type of outcome, population (age, sex, ethnicity, and sample size), follow-up
duration, dietary assessment method, definition of exposure (including the unit of consump-
tion), whether the exposure was modeled continuously or categorical, outcome definition, out-
come assessment, statistical analysis method, and variables adjusted for. Further, we extracted
data of the effect sizes with their corresponding uncertainties. When a study reported only sex-
specific effect estimates, they were treated as separate studies. When a study provided effect
estimates for different degrees of adjustment, those from the most completely adjusted model
were chosen. Study quality was assessed in accordance with a recent meta-analysis of sugar
intake and adiposity [25], and included risk of bias (selection of exposed and unexposed in
cohort studies from different populations; partially flawed measurement of both exposure (i.e.
relied on baseline fruit & vegetables consumption alone; measurement error) and outcome (i.e.
self-reported); Inconsistency: i.e. point estimates vary widely across studies; confidence inter-
vals shows minimal or no overlap; statistical test for heterogeneity shows a low p-value; I2 is
large [25].

We followed the guidelines by the GRADE working group, a well-established tool in devel-
oping clinical or practice guidelines is assessing the quality and strength of the evidence [26,
27]. We focus especially on risk of bias, and inconsistency of the pooled effects (S2 Table).

Statistical analysis
Because of differences between studies in the methods used to report on fruit and vegetable
consumption and changes in anthropometric measures, we classified the prospective observa-
tional studies according to the type of measure of association they used:

1. Beta-coefficients for the association of fruit and vegetable intake at baseline with subsequent
changes in anthropometric outcomes;

2. Beta-coefficients for the association of reported changes in fruit and vegetable consumption
over time with changes in anthropometric outcomes;

3. Odds ratios for risk of overweight or obesity, or for risk of gaining a particular amount of
weight comparing the highest vs. lowest fruit and vegetable intake category;

4. Mean differences of change in anthropometric measures over time comparing the highest
and lowest category of fruit and vegetable consumption.

Study-specific results were pooled with random-effects inverse-variance weighted meta-
analysis. The weighting of each study was based on the standard error of the corresponding
effect size, which was calculated from the 95% confidence intervals (if not provided as such).
For outcomes reported on a continuous scale, we re-scaled the reported results to reflect effect
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sizes associated with each 100-g higher fruit and vegetable intake. When studies reported
results according to servings of fruit and vegetables but did not quantify serving size, we
assumed a serving of vegetables weights 77 g and that of fruit 80 g, as previously done [28].
When a study reported results for different centers within a country, we pooled those with
fixed-effects meta-analysis and meta-analyzed the country-specific estimate (applied for the
EPIC study).

In individual meta-analyses we pooled beta-coefficients and mean changes for anthropo-
metric outcomes modeled as continuous variables and odds ratios for outcomes that were
binary. This was done for fruit intake, vegetable intake, and for the intake of fruit and vegeta-
bles combined. Heterogeneity between study results was evaluated with the Q statistic and the
I2 statistic. I2 values>50% were indicative for substantial heterogeneity across studies [29].
Funnel plots, in which the effect sizes are plotted against their corresponding uncertainty, were
used to assess the presence of small study bias if at least 10 studies were available [30]. In addi-
tion, an Egger test was performed to test for potential publication bias (“metabias” command)
[31]. We used the “metan” command in Stata 12.0 (Stata Corp. 2011, Texas, USA) for all meta-
analyses.

Results

Literature search and study characteristics
Twenty articles reporting on 17 independent studies were included in the systematic review
[12, 32–50], and 14 studies provided sufficient data for inclusion in the meta-analysis [12, 32–
37, 40–42, 44, 45, 48, 50] (Fig 1 and S1 Table). Eight studies reported on changes in body
weight [12, 32, 33, 38, 41, 42, 44, 50], three on changes in waist circumference [33, 35, 40], two
on changes in BMI [37, 48], and seven on incident weight gain/ (abdominal) obesity, and over-
weight [34, 36, 37, 43–45, 50]. Sample size varied between 206 and 233,755 participants, fol-
low-up duration from 9 months to 24 years. Baseline mean BMI at study entry (�18 years of
age) ranged between 22.3 and 27.1 kg/m2 (Table 1). The present systematic review included 17
longitudinal studies lasting at least 9 months, in which data relating to an association between
either fruit & vegetable indicated in combination (fruit & vegetables) or fruit or vegetables and
a measure of adiposity could be extracted.

The total number of participants in the present systematic review was 563,277. All but two
studies were conducted in the North America and Europe. Fruit & vegetable, fruit, or vegetable
consumption was reported in grams, servings, percentage of energy intake, frequency of con-
sumption, or in quantile categories. Measures of association were coefficients from linear
regression analysis, mean changes or odds ratios. All but three studies used food-frequency
questionnaires to estimate dietary intake.

Of these 17 studies, eight used self-reported estimates of body weight or waist circumference
during base line and follow up [12, 32, 35, 36, 38, 41, 47, 50], and the EPIC study a mix between
the types of information generation [40, 42]; three studies collected exposure data from ques-
tionnaires without considering the validity for assessing fruit & vegetable consumption in the
analytical model [33, 37, 47]; and 8 out of 17 studies provided estimates that were adjusted for
total energy intake [32, 36, 37, 40–42, 44, 50]. There was inconsistency in the covariates used to
adjust analyses and a wide range of methods of assessing fruit & vegetable intake and adiposity
outcomes, which made pooling of studies difficult. Four studies reported a significant loss of
body weight with increasing fruit and/or vegetable intake ranging from 0.001 to 1.6 kg [12, 32,
33, 42], while one study reported an average gain in body weight of 0.21 kg but this result was
not significant [38]. Two studies reported a loss in waist circumference ranging from 0.01 to
0.19 cm with increased intake of fruit & vegetable by 100 g/d [33, 40]. One study reported a
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decrease in BMI by 0.12 kg/ht2 for the highest quintile of vegetable intake [37], and another
study observed a higher BMI among those with less daily fruit intake compared with lower lev-
els of daily fruits intake [49]. A further four studies reported a significant lower OR for adipos-
ity risk with a higher fruit & vegetable intake with OR values ranging from 0.26 to 0.91 [36, 37,
44, 50].

Fig 1. Flow diagram.

doi:10.1371/journal.pone.0140846.g001

Fruit & Vegetable and Adiposity

PLOS ONE | DOI:10.1371/journal.pone.0140846 October 16, 2015 6 / 19



www.manaraa.com

T
ab

le
1.

C
h
ar
ac

te
ri
st
ic
s
o
fp

ro
sp

ec
ti
ve

o
b
se

rv
at
io
n
al

st
u
d
ie
s
in
cl
u
d
ed

in
th
e
q
u
al
it
at
iv
e
sy

st
em

at
ic

re
vi
ew

o
r
q
u
an

tit
at
iv
e
m
et
a-
an

al
ys

is
.

F
ir
st

au
th
o
r

P
u
b
lic

at
io
n

ye
ar

C
o
h
o
rt

C
o
u
n
tr
y

S
am

p
le

si
ze

M
ea

n
ag

e
at

en
tr
y
±
S
D

(y
ea

rs
)

M
ea

n
B
M
I

(k
g
/m

2)
at

en
tr
y
±
S
D

(y
ea

rs
)

S
ex

D
ie
t

as
se

ss
m
en

t
m
et
h
o
d

O
u
tc
o
m
e

M
ea

n
F
o
llo

w
-u
p

d
u
ra
tio

n
(y
ea

rs
)

A
d
ju
st
m
en

t

A
lja
da

ni
20

13
A
us

tr
al
ia
n

Lo
ng

itu
di
na

l
S
tu
dy

on
W
om

en
’s

H
ea

lth
,

A
us

tr
al
ia

13
56

27
.7
±1

.5
25

.2
±5

.5
W

F
F
Q

(v
al
id
at
ed

)
C
ha

ng
es

in
bo

dy
w
ei
gh

tb
y
te
rt
ile
s
of

F
&
V
in
ta
ke

6
P
hy

si
ca

la
ct
iv
ity
,e

du
ca

tio
n,

nu
m
be

r
of

bi
rt
hs

,a
re
a
of

re
si
de

nc
e,

m
ar
ita

ls
ta
tu
s,

sm
ok

in
g,

an
d
ba

se
lin
e

w
ei
gh

t,
to
ta
le

ne
rg
y
in
ta
ke

D
ef
or
ch

e
20

15
n.
d,

B
el
gi
um

29
1

17
.2
±0

.5
21

.1
±2

.5
to

22
.6
±3

.1
M
/

W
F
F
Q

(v
al
id
at
ed

)
ch

an
ge

s
in

B
M
Ip

er
in
cr
ea

se
of

1
co

ns
um

pt
io
n
/

w
ee

k
of

F
&
V

1.
5

n.
d

D
e
M
un

te
r

20
15

S
to
ck
ho

lm
P
ub

lic
H
ea

lth
C
oh

or
t

S
w
ed

en
23

,1
08

48
.3
±1

6
24

.9
±3

.7
M
/

W
n.
d

M
ea

n
ch

an
ge

s
in

B
M
I:
da

ily
(�

1
se

rv
in
g)

vs
.l
es

s
th
an

da
ily

(<
1

se
rv
in
g)

F
&
V
in
ta
ke

8
A
ge

,e
du

ca
tio

n,
lif
es

ty
le

ha
bi
ts
,w

ei
gh

ts
ta
tu
s
at

ba
se

lin
e

D
ra
pe

au
20

04
Q
ue

be
c

F
am

ily
S
tu
dy

C
an

ad
a

24
8

39
.6
±1

4.
2

25
.3
±4

.7
2

W
/

M
3-
da

y
di
et
ar
y

re
co

rd
C
ha

ng
es

in
bo

dy
w
ei
gh

t/
w
ai
st

ci
rc
um

fe
re
nc

e
ac

co
rd
in
g
to

ch
an

ge
s
in

F
ov

er
pr
ec

ed
in
g
5
y

5.
9

A
ge

,b
as

el
in
e
bo

dy
-w

ei
gh

t,
or

ad
ip
os

ity
in
di
ca

to
rs

an
d

ch
an

ge
s
in

da
ily

ph
ys
ic
al

ac
tiv
ity

le
ve

l

E
sf
ah

an
i

20
14

T
eh

er
an

Li
pi
d

an
d
G
lu
co

se
S
tu
dy

Ir
an

85
1

M
:

40
.2

±
13

.5
;

W
:

38
.6

±
11

.7

n.
d

M
/

W
F
F
Q

(v
al
id
at
ed

)
R
is
k
of

ga
in
in
g

�0
.5
kg

w
ei
gh

tb
y

se
rv
in
gs

of
F
,a

nd
V
in
ta
ke

3
A
ge

,b
od

y
w
ei
gh

t,
ed

uc
at
io
n

le
ve

l,
sm

ok
in
g,

be
ha

vi
ou

r,
ph

ys
ic
al

ac
tiv
ity

H
al
kj
æ
r

20
04

M
O
N
IC
A

D
en

m
ar
k

23
00

M
id
dl
e-
ag

e
22

.8
to

24
.7

M
/

W
F
F
Q

(v
al
id
at
ed

)
C
ha

ng
es

in
w
ai
st

ci
rc
um

fe
re
nc

e
by

qu
in
til
es

of
F
&
V
/

w
ee

k
in
ta
ke

6
B
M
I,
di
et
,e

du
ca

tio
na

ll
ev

el
(t
hr
ee

le
ve

ls
),
ph

ys
ic
al

ac
tiv
ity
,s

m
ok

in
g
st
at
us

,a
nd

al
co

ho
lh

ab
its

H
e

20
04

N
H
S
I

U
S
A

74
,0
63

49
±7

to
52

±7
24

.8
±5

to
25

±5
W

F
F
Q

(v
al
id
at
ed

)
R
is
k
of

ga
in
in
g

>
25

kg
w
ei
gh

tb
y

qu
in
til
es

of
F
&
V
,F

,
an

d
V
in
ta
ke

12
A
ge

,y
ea

r
of

fo
llo
w
-u
p,

ph
ys
ic
al

ac
tiv
ity
,s

m
ok

in
g

st
at
us

,a
lc
oh

ol
co

ns
um

pt
io
n

an
d
ca

ffe
in
e
in
ta
ke

,
ho

rm
on

e
re
pl
ac

em
en

t
th
er
ap

y,
en

er
gy

in
ta
ke

s
of

S
F
A
,P

U
F
A
,M

U
F
A
,T

F
A
,

pr
ot
ei
n,

an
d
to
ta
le

ne
rg
y
an

d
ba

se
lin
e
B
M
I

H
ol
m
be

rg
20

13
n.
d

S
w
ed

en
13

22
50

.3
±7

26
.4
±3

.2
M

F
F
Q

(v
al
id
at
ed

)
R
is
k
of

ce
nt
ra
l

ob
es

ity
(W

H
R
:�

1)
fo
r
da

ily
vs
.l
es

s
th
an

da
ily

F
&
V

in
ta
ke

12
N
on

e

(C
on

tin
ue

d
)

Fruit & Vegetable and Adiposity

PLOS ONE | DOI:10.1371/journal.pone.0140846 October 16, 2015 7 / 19



www.manaraa.com

T
ab

le
1.

(C
on

tin
ue

d
)

F
ir
st

au
th
o
r

P
u
b
lic

at
io
n

ye
ar

C
o
h
o
rt

C
o
u
n
tr
y

S
am

p
le

si
ze

M
ea

n
ag

e
at

en
tr
y
±
S
D

(y
ea

rs
)

M
ea

n
B
M
I

(k
g
/m

2)
at

en
tr
y
±
S
D

(y
ea

rs
)

S
ex

D
ie
t

as
se

ss
m
en

t
m
et
h
o
d

O
u
tc
o
m
e

M
ea

n
F
o
llo

w
-u
p

d
u
ra
tio

n
(y
ea

rs
)

A
d
ju
st
m
en

t

K
ah

n
19

97
C
an

ce
r

P
re
ve

nt
io
n

S
tu
dy

II

U
S
A

79
,2
36

50
–
74

M
:2

5.
6±

2.
6;

W
:2

3.
4±

3
M
/

W
F
F
Q

C
ha

ng
es

in
B
M
I

an
d
w
ai
st

by
qu

in
til
es

of
V

in
ta
ke

;R
is
k
of

ab
do

m
in
al

ob
es

ity
by

lo
w
es

tv
s.

hi
gh

es
tV

in
ta
ke

10
A
ge

,e
du

ca
tio

n,
re
gi
on

of
th
e
co

un
tr
y,

B
M
I,
ch

an
ge

in
m
ar
ita

ls
ta
tu
s,

en
er
gy

in
ta
ke

,c
ig
ar
et
te

sm
ok

in
g,

m
ea

ta
nd

ve
ge

ta
bl
e
in
ta
ke

,
vi
ta
m
in

E
us

e,
al
co

ho
l

in
ta
ke

,p
hy

si
ca

la
ct
iv
ity
,f
or

w
om

en
,m

en
op

au
sa

ls
ta
tu
s,

es
tr
og

en
us

e,
an

d
pa

rit
y.

K
ai
kk
on

en
20

15
Y
ou

ng
F
in
ns

S
tu
dy

F
in
la
nd

17
15

24
–
39

M
:2

5.
64

±3
.9
;W

:
24

.3
8±

4.
5

M
/

W
F
F
Q

C
ha

ng
es

in
w
ei
gh

t,
an

d
B
M
I(
ba

se
lin
e)

by
m
on

th
ly
us

e
of

F
,a

nd
V
in
ta
ke

(p
or
tio

ns
)

6
n.
d

M
oz

af
fa
ria

n
20

11
N
H
S
I,

U
S
A

50
,4
22

52
.2
±7

.2
23

.7
±1

.4
W

F
F
Q

(v
al
id
at
ed

)
C
ha

ng
es

in
bo

dy
w
ei
gh

t;
by

se
rv
in
g

nu
m
be

r
in
cr
ea

se
in

F
,a

nd
V
in
ta
ke

20
A
ge

,B
M
I,
te
le
vi
si
on

w
at
ch

in
g,

sl
ee

p
du

ra
tio

n,
ph

ys
ic
al

ac
tiv
ity
,a

lc
oh

ol
us

e,
sm

ok
in
g,

an
d
al
lo

ft
he

di
et
ar
y
fa
ct
or
s

M
oz

af
fa
ria

n,
20

11
N
H
S
II,

U
S
A

47
,8
98

37
.5
±4

.1
23

±2
.7

W
F
F
Q

(v
al
id
at
ed

)
C
ha

ng
es

in
bo

dy
w
ei
gh

tb
y
se

rv
in
g

nu
m
be

r
in
cr
ea

se
in

F
,a

nd
V
in
ta
ke

12
A
ge

,B
M
I,
te
le
vi
si
on

w
at
ch

in
g,

sl
ee

p
du

ra
tio

n,
ph

ys
ic
al

ac
tiv
ity
,a

lc
oh

ol
us

e,
sm

ok
in
g,

an
d
al
lo

ft
he

di
et
ar
y
fa
ct
or
s

M
oz

af
fa
ria

n,
20

11
H
P
S

U
S
A

22
,5
57

50
.8
±7

.5
24

.7
±1

.1
M

F
F
Q

(v
al
id
at
ed

)
C
ha

ng
es

in
bo

dy
w
ei
gh

tb
y
se

rv
in
g

nu
m
be

r
in
cr
ea

se
in

F
,a

nd
V
in
ta
ke

20
A
ge

,B
M
I,
te
le
vi
si
on

w
at
ch

in
g,

sl
ee

p
du

ra
tio

n,
ph

ys
ic
al

ac
tiv
ity
,a

lc
oh

ol
us

e,
sm

ok
in
g,

an
d
al
lo

ft
he

di
et
ar
y
fa
ct
or
s

N
ik
ol
ao

u
20

14
n.
d

U
ni
te
d

K
in
gd

om
12

75
20

±3
.6

22
.3
±4

.6
W
/

M
F
F
Q

(v
al
id
at
ed

)
C
ha

ng
es

in
bo

dy
w
ei
gh

tf
or

m
ee

tin
g

‘5
-a
-d
ay

’-F
&
V
go

al
ve

rs
us

no
tm

ee
tin

g
it

<
1

B
as

el
in
e
w
ei
gh

t,
he

ig
ht
,

ag
e,

an
d
ge

nd
er

R
au

tia
in
en

20
15

W
H
S

U
S
A

18
,1
46

52
±6

.2
to

55
±7

.7
22

.4
±1

.6
W

F
F
Q

(v
al
id
at
ed

)
R
is
k
of

ov
er
w
ei
gh

t
an

d
ob

es
ity

qu
in
til
es

of
F
&
V
,F

,
an

d
V
in
ta
ke

.
C
ha

ng
es

in
bo

dy
w
ei
gh

tb
y
qu

in
til
es

of
F
&
V
,F

,a
nd

V
(s
er
vi
ng

s)
in
ta
ke

17
A
ge

,r
an

do
m
iz
at
io
n

tr
ea

tm
en

ta
ss
ig
nm

en
t,

ph
ys
ic
al

ac
tiv
ity
,h

is
to
ry

of
hy

pe
rc
ho

le
st
er
ol
em

ia
an

d
hy

pe
rt
en

si
on

,s
m
ok

in
g

st
at
us

,p
os

tm
en

op
au

sa
l

st
at
us

,h
or
m
on

e
us

e,
m
ul
tiv
ita

m
in

us
e,

an
d
en

er
gy

in
ta
ke

(C
on

tin
ue

d
)

Fruit & Vegetable and Adiposity

PLOS ONE | DOI:10.1371/journal.pone.0140846 October 16, 2015 8 / 19



www.manaraa.com

T
ab

le
1.

(C
on

tin
ue

d
)

F
ir
st

au
th
o
r

P
u
b
lic

at
io
n

ye
ar

C
o
h
o
rt

C
o
u
n
tr
y

S
am

p
le

si
ze

M
ea

n
ag

e
at

en
tr
y
±
S
D

(y
ea

rs
)

M
ea

n
B
M
I

(k
g
/m

2)
at

en
tr
y
±
S
D

(y
ea

rs
)

S
ex

D
ie
t

as
se

ss
m
en

t
m
et
h
o
d

O
u
tc
o
m
e

M
ea

n
F
o
llo

w
-u
p

d
u
ra
tio

n
(y
ea

rs
)

A
d
ju
st
m
en

t

R
om

ag
ue

ra
;

N
oo

ye
ns

;
H
al
kj
æ

20
11

;2
00

5;
20

09
E
P
IC

5 E
ur
op

ea
n

co
un

tr
ie
s

48
,6
31

E
xc
lu
si
on

ba
se

lin
e
>
60

ye
ar
s;

an
d

fo
llo
w
-u
p

>
65

n.
d

M
/

W
F
F
Q

(v
al
id
at
ed

)
C
ha

ng
es

in
w
ai
st

ci
rc
um

fe
re
nc

e
pe

r
10

0
kc
al

hi
gh

er
F
,

an
d
V
in
ta
ke

5.
5

T
ot
al

en
er
gy

in
ta
ke

,a
ge

,
ba

se
lin
e
w
ei
gh

t,
ba

se
lin
e

he
ig
ht
,b

as
el
in
e
W
C
B
M
I,

sm
ok

in
g,

al
co

ho
li
nt
ak

e
(e
xc
ep

ti
n
th
e
m
od

el
s

in
cl
ud

in
g
al
co

ho
lic

be
ve

ra
ge

s)
,p

hy
si
ca

l
ac

tiv
ity
,e

du
ca

tio
n,

fo
llo
w
-u
p

du
ra
tio

n,
m
en

op
au

sa
ls
ta
tu
s

(w
om

en
on

ly
),
an

d
ho

rm
on

e
re
pl
ac

em
en

tt
he

ra
py

us
e

(w
om

en
on

ly
)

S
an

ch
ez

-
V
ill
eg

as
20

06
S
U
N

S
pa

in
63

19
34

±1
0.
1
to

40
±1

3.
1

23
.4
±3

.4
M
/

W
F
F
Q

(v
al
id
at
ed

)
C
ha

ng
es

in
bo

dy
w
ei
gh

tp
er

te
rt
ile

F
&
V
in
ta
ke

2
A
ge

,g
en

de
r,
ba

se
lin
e
B
M
I,

sm
ok

in
g,

ph
ys
ic
al

ac
tiv
ity
,

al
co

ho
lc
on

su
m
pt
io
n,

en
er
gy

in
ta
ke

,c
ha

ng
e
in

di
et
ar
y

ha
bi
ts

V
er
gn

au
d;

B
ui
js
se

20
12

;2
00

9
E
P
IC

10 E
ur
op

ea
n

co
un

tr
ie
s

23
3,
75

5
25

–
70

24
.8
±4

.2
to

27
.1

±3
.6

M
/

W
F
F
Q

(v
al
id
at
ed

)
C
ha

ng
es

in
bo

dy
w
ei
gh

tp
er

10
0-
g

hi
gh

er
F
&
V
,F

,a
nd

V
in
ta
ke

;R
is
k
of

w
ei
gh

tg
ai
n
(�

1
kg

)
pe

r
10

0
g

in
cr
ea

se
in

F
&
V

in
ta
ke

5
A
ge

an
d
an

in
di
ca

to
r
of

ve
ge

ta
bl
e
(o
r
fr
ui
t)

co
ns

um
pt
io
n,

ed
uc

at
io
na

l
le
ve

l,
ph

ys
ic
al

ac
tiv
ity

le
ve

l,
sm

ok
in
g
st
at
us

,B
M
I,
fo
llo
w
-

up
tim

e,
en

er
gy

in
ta
ke

,
en

er
gy

in
ta
ke

fr
om

al
co

ho
l,

pl
au

si
bi
lit
y
of

to
ta
le

ne
rg
y

in
ta
ke

re
po

rt
in
g,

an
d
fr
ui
t

(f
or

ve
ge

ta
bl
e
an

al
ys
is
)
or

ve
ge

ta
bl
e
(f
or

fr
ui
ta

na
ly
si
s)

in
ta
ke

V
io
qu

e
20

08
n.
d,

S
pa

in
20

6
41

.5
2
±1

7.
9

25
.8
2±

4.
6

M
/

W
F
F
Q

(v
al
id
at
ed

)
R
is
k
of

ga
in
in
g

�3
.4
1
kg

by
qu

ar
til
es

of
F
an

d
V

in
ta
ke

10
S
ex

,a
ge

,e
du

ca
tio

na
ll
ev

el
,

B
M
I,
tim

e
sp

en
d
w
at
ch

in
g

T
V
,p

re
se

nc
e
of

di
se

as
e,

he
ig
ht
,t
ot
al

en
er
gy

,a
nd

en
er
gy

-a
dj
us

te
d
in
ta
ke

s
of

pr
ot
ei
n,

S
F
A
,M

U
F
A
,P

U
F
A
,

fi
be

r,
ca

ffe
in
e,

an
d
al
co

ho
l

co
ns

um
pt
io
n;

se
lf-
re
po

rt
ed

ch
an

ge
of

fr
ui
ti
nt
ak

e
ov

er
th
e
pa

st
10

ye
ar
s
an

d
th
e

se
lf-
re
po

rt
ed

ch
an

ge
of

ve
ge

ta
bl
e
in
ta
ke

ov
er

pa
st

10
ye

ar
s

B
M
I:
bo

dy
m
as

s
in
de

x;
F
:f
ru
its
;F

&
V
:f
ru
its

&
ve

ge
ta
bl
es

;F
F
Q
:f
oo

d
fr
eq

ue
nc

y
qu

es
tio

nn
ai
re
;M

U
F
A
:m

on
ou

ns
at
ur
at
ed

fa
tty

ac
id
s;

n.
d.
,n

o
da

ta
;P

U
F
A
:p

ol
yu

ns
at
ur
at
ed

fa
tty

ac
id
s;

S
F
A
:s

at
ur
at
ed

fa
tty

ac
id
s;

T
F
A
:t
ot
al

fa
tty

ac
id
s;

V
:v

eg
et
ab

le
s;

W
H
R
:w

ai
st
-t
o-
hi
p
ra
tio

do
i:1
0.
13
71
/jo
ur
na
l.p
on
e.
01
40
84
6.
t0
01

Fruit & Vegetable and Adiposity

PLOS ONE | DOI:10.1371/journal.pone.0140846 October 16, 2015 9 / 19



www.manaraa.com

Consumption of fruit and vegetables combined was inversely associated with changes in
body weight in four studies [32, 36, 42, 44]. The EPIC study reported a significant association
in men only [42]. Fruit consumption was inversely associated in three studies (EPIC study: sig-
nificant association only for women) [12, 33, 42], and vegetable consumption was inversely
associated in three studies (EPIC: significant association only in men) [12, 36, 42].

Changes in body weight
For fruit, we pooled effect sizes of 4 North-American studies and of 18 sex- and country-spe-
cific estimates from the EPIC study. After pooling these studies, each 100-g higher F intake was
inversely associated with weight change (decrease), with the combined regression coefficient of
-13.68 g/year (95% CI, -22.97 to -4.40). There was large heterogeneity between studies (I2 =
96.2%), which was mostly due to differences between the North American and European effect
sizes (Fig 2).

4 studies with 494,680 participants considered the association between vegetable consump-
tion and weight change. Every 100-g increase in vegetables was associated with a non-signifi-
cant 1.69 g/year (95% CI, -10.37 to 13.74; I2 = 97.2%) change (increase) in body weight (Fig 3).

Since the exposure was defined differently on fruit & vegetable intake and body weight
changes for three studies, we presented the results only via systematic review (no meta-
analysis).

Fig 2. Forest plot of associations between changes in body weight (g/year) and fruit consumption in cohort studies of adults. I2: Inconsistency.

doi:10.1371/journal.pone.0140846.g002
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The Australian Longitudinal Study on Women’s Health detected an inverse association
comparing the highest vs. lowest intake fruit & vegetable intake category (-266 g/y). A study
among first-year students showed no significant association between weight meeting “5-a-day”
vs. less than “5-a-day” of fruit and vegetables and changes in body weight. Moreover the EPIC
study indicated that higher baseline fruit & vegetable intake was not associated with changes in
body weight (significant inverse association only for men).

Changes in waist circumference and BMI
There was significant inverse association between higher intake of whole fruit and changes
(decrease) in waist circumference (beta: -0.03 cm/year, 95% CI, -0.06 to -0.00) (S1 Fig). Fur-
thermore, a significant association between a 100 kcal increase in fruit intake and changes
(decrease) in waist circumference (beta: -0.04 cm/year, 95% CI, -0.05 to -0.03; I2 = 60.6%)
could be observed, respectively. Pooling male and female participants from one cohort study
showed that the highest quintile of vegetable intake was associated with a significant lower
increase in BMI (beta: -0.01 units/year, 95% CI, -0.02 to -0.01; I2 = 0%). No significant associa-
tion was observed for combined fruit & vegetable consumption and change in waist
circumference.

Fig 3. Forest plot of associations between changes in body weight (g/year) and vegetable consumption in cohort studies of adults. I2:
Inconsistency.

doi:10.1371/journal.pone.0140846.g003
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Risk of weight gain or abdominal obesity
Comparing the highest fruit & vegetable, fruit, and vegetable intake categories were associated
with a 9%, 17%, and 17% reduced risk of adiposity (OR: 0.84, 95% CI, 0.91 to 0.99; I2 = 53%),
(OR: 0.83, 95% CI, 0.71 to 0.99; I2 = 74.6%), and (OR: 0.83, 95% CI, 0.70 to 0.99; I2 = 28%),
respectively (S2–S4 Figs).

Mean weight change in body weight
Pooling four cohort studies showed no significant differences between the highest vs. lowest
intakes of fruit & vegetable / fruit/ vegetable on changes in body weight (mean difference: -0.13
kg, 95% CI -0.40 to 0.15, I2 = 77.1%).

Study quality, methodological issues, and sensitivity analyses
Since we observed significant heterogeneity for the 100g increase in fruit or vegetable on com-
parisons, we performed sensitivity analyses excluding the Nurses’Health Study I+II, and the
Health Professionals’ Follow-up Study as these studies provided no quantitative information
about a serving size. For fruit, heterogeneity could be significantly reduced (I2 = 43.2%). How-
ever, heterogeneity for a 100g-increase in vegetables intake remained high. We thus compared
the vegetable intakes in EPIC for southern (Italy, Greece, Spain) vs. other countries. Including
only the southern countries resulted in low heterogeneity (I2 = 18.9%).

Overall, studies that showed an inverse association between fruit & vegetable followed par-
ticipants over longer periods of time [12, 32, 33, 36, 37, 40, 44, 50], than the ones showing no
association [34, 38, 41].

Inspection of the funnel plots (only the subgroups for 100g increase in fruit or vegetable
provided at least 10 studies) showed low to moderate asymmetry; however, in view of the
between-study heterogeneity, this result need careful interpretation.

Discussion
The results of the present meta-analysis showed that a higher fruit intake was associated with a
smaller weight gain. Overall this suggested a 13g to 14g smaller weight gain per year for a daily
higher intake of 100g fruit. The benefit seems to be low, considering a difference of�300g
(fruit) between the highest vs. lowest tertiles of fruit intake. Low fruit intakes would roughly
account for approximately 6% of the overall weight change of 450g/y observed in those with
low intakes. Taking the odds ratio into account, the meta-analysis showed that fruit & vegeta-
ble, fruits, and vegetable intake had additional beneficial effects on adiposity outcomes
(reduced risk: 9–17%). In addition higher intakes of fruit and vegetable were inversely related
to changes in waist circumference.

Prospective cohort studies have shown that weight change is an important outcome marker,
and population metric of increased or decreased energy balance [12]. However, measures
including waist such as waist/hip AND/OR waist/height are much better indexes for metabolic
health [51, 52]. Overall, fruit & vegetable consumption either induces a decrease in body weight
or a lower weight gain as part of a larger dietary change pattern that includes intakes of less
energy dense foods, and higher intakes of fibre and associated micronutrients. All these associ-
ations must be mediated by changes in energy intake, energy expenditure (or both), or change
in fraction of energy that is absorbed from food. Data from intervention trials showed that
overall dietary changes (lower consumption of processed food, refined carbohydrate) were
associated higher consumption of fruit and vegetables [53, 54].

Fruit & Vegetable and Adiposity
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Recent studies are showing that food that is both naturally micronutrient dense, and moder-
ately energy dense, such as found in traditional Mediterranean diets, reduces waist circumfer-
ence, metabolic disease risk and to a lesser degree weight. As peripheral adipose mass, which
may be large and the most significant contributor to weight in some ethnicities, is metabolically
benign, the metabolically stabilizing micronutrients in fruit and vegetables may not show
weight loss in those with this genetic adipose distribution. However, mostly importantly,
increased fruit and vegetable intake is shown to reduce weight gain in all body types. This fact
may help explain the several studies that have shown that when fruit & vegetable consumption
increased without a change in energy intake, weight loss did not occur [55, 56]. Another possi-
ble biological explanation of the lower weight gain could be also the fiber content of fruit & veg-
etable. Fiber, which is also a major carrier of micronutrients, is known to slow digestion and
augment satiety [57]. A recent report from the EPIC study showed however, that fiber from
fruit and vegetables was not associated with body weight changes, but was with significant
changes in waist circumference [58].

Therefore it is not surprising that a recent meta-analysis showed a non-significant effect on
energy intake for an intervention with high fruit & vegetable intake compared to the control
group, but a significant weight change [14]. Another meta-analysis detected no significant
reduction in body weight including randomized controlled trials promoting higher intakes of
fruit & vegetables (this meta-analysis with very real possibility of funding bias) [15]. With all of
the above studies, nutrient intake, including energy, is notoriously poorly estimated from all
methods of data collection (FFQ) by self-conscience and sensitized study participants in free-
living conditions, so meta-analyses reflect this. One study showed that the comparability and
reliability of FFQs over a time period of three months was highly reproducible [59]. Moreover,
the correlation coefficient for fruits was 0.63 [60] and for vegetables ranged between 0.74 to
0.81 in adult populations [61, 62].

A report by the WHO/FAO expert consultation activity on diet, nutrition and prevention of
chronic disease from 2003, sets population nutrient goals and recommends an intake of a mini-
mum of 400g of fruits & vegetables per day to prevent chronic diseases including obesity [63].
The report stated that there is convincing evidence that fruits and vegetables reduce the risk of
obesity [64]. The Dietary guidelines for Americans 2010 stated that there is moderate evidence
in adults that increased intakes of vegetables and/or fruits may protect against weight gain [1].
Although these statements might have been valid at the time of their publication, they could
not be fully confirmed throughout our systematic review. Strong statements should be clearly
reflected by consistent and substantial effects in study results, which was not the case following
analysis of the prospective studies available for this meta-analysis. However, none of the study
analyses were particularly planned at the beginning of the cohort study. In nearly all cases
addressing weight change as outcome was considered during the course of the study and prob-
ably came about due to reassessment or re-measurement of anthropometry. According to the
GRADE guidelines, the overall quality of the obtained evidence needs to be considered as low
[26]. Another systematic review on nutrients and foods and long-term weight change with no
particular focus on fruit & vegetable concluded that there was suggestive evidence for a link
between fruit intake and protection against larger increases in waist circumference [65]. This
statement is more in line with our results than the previous conclusions.

The world’s largest lifestyle intervention trial, the Women’s Health Initiative Dietary Modi-
fication Trial including 48 835 postmenopausal women not only focused on increased intakes
of fruit and vegetables, but also on reduced intakes of fat, however observing no significant
weight reduction compared to the control group over a period of 7.5 years of follow up. This
could be due to the high carbohydrate content of low fat diets [66]. Long-term intervention tri-
als focusing only on fruits and/or vegetables intakes are rare. A recent 12-month single blind
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parallel controlled trial including 120 overweight adults investigated the effects of two energy-
reduced diets differing only by doubling the serving size of vegetables. A greater weight reduc-
tion in the higher vegetable group could only be observed in the short term (3 months). At 12
months both groups reduced their body weight by approximately 6.5 kg [67]. Similar results
could be observed in another 12-month intervention trial on increased fruit and vegetables
consumption [68]. Another recent review of the evidence including 16 randomized controlled
trials concluded that a higher vegetable consumption in a healthy diet may prove beneficial for
weight loss in overweight adults [67].

Even with such poor characterization of diet such as the inclusion of low nutrient/high
starch vegetables such as potato in some studies, and of body fat distribution (weight includes
those with healthy peripheral and unhealthy central fat) that change to, or higher habitual fruit
& vegetable diets almost always prevents weight gain, or decreases waist. In addition, other
metabolic improvements (blood pressure, blood glucose and lipids) all align with evolutionary
evidence of healthy human nutrition, as noted above. The findings of this systematic review
and meta-analysis support increasing fruit & vegetable as a public health measure to prevent
cardiovascular disease and cancer [2, 7].

Limitations
The present systematic review has several limitations due to the quality of the data of the stud-
ies and heterogeneity between studies. First, the assessment of body weight at baseline and fol-
low-up differed across cohorts (e.g. at follow-up in some cohorts participants were weighed, in
other cohorts participants self-reported their body weight). The Harvard cohorts compared
people who increased their fruit & vegetable intake over time versus those who did not, which
is a better design than comparing differences in intake between people assessed a single time at
baseline. Furthermore it seems that methodological limitations are more prevalent in these
studies, and sample size seems to be lower, however some discrepancies remain [42].

Several studies relied only on baseline fruit & vegetable consumption and therefore assume
a stable consumption over time. Furthermore, measurement errors on dietary intake are com-
mon in prospective cohort studies, with validity and reliability being lower compared to ran-
domized controlled trials, since dietary intake is usually calculated from self-assessment tools
such as FFQs [69]. The low number of studies that finally could be included in the quantitative
meta-analysis is another clear limitation. Furthermore, the included studies were heteroge-
neous with respect to the population size, follow-up length, baseline age, fruit & vegetable cate-
gories, fruit & vegetable definition (some included potatoes or nuts), adjustment factors, and
outcome estimates, and the meta-analysis showed significant heterogeneity. Socio-demo-
graphic or lifestyle factors, such as education and physical activity are associated with lower
body weight/adiposity and higher fruit and vegetable intake [70–72]. Twelve cohort studies
were adjusted for physical activity, and nine studies for educational level. The Harvard cohorts
included health professionals, the SUN cohort university graduates, and the study by Nikolaou
et al. first year university students. These heterogeneous estimates could also be detected in
recent meta-analyses of intervention trials [14, 15]. In addition, there might have been some
kind of “geographical bias”, i.e. most of the studies were conducted in North America and
Europe and cannot be generalized to other parts of the world, including southern countries
where the consumption of fruit and vegetables is high.

Conclusion
We could show that taking all empirical study data into account, fruit is related to body weight
changes (-13.68 g/y), and fruit & vegetable, fruit and vegetable intake inversely associated (9–
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17% reduced risk) with risk of overweight, (abdominal) obesity/weight gain. Although the
overall quality of the evidence is considered to be low following their assessment via the
GRADE guidelines, the present findings might have public health relevance and support initia-
tives to increase the intake of fruit and vegetables. More high quality research from randomized
controlled trials, and well-designed prospective cohort studies are needed to clarify the effects
of fruit and vegetables on changes in anthropometric outcomes.
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