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Abstract
A systematic review and meta-analysis of observational studies were performed to assess the dose–response associations between fruit or
vegetable consumption and the chance of the metabolic syndrome (MetS). Studies on the association between fruit or vegetable consumption
and the risk of the MetS published from January 1958 to 30 October 2018 were searched using the PubMed, MEDLINE and Embase databases,
and the references of relevant articles were reviewed. Random-effects models were used to estimate the summary ORwith 95 % CI for the MetS,
and dose–response analysis was conducted to quantify the associations. Heterogeneity among studies was evaluated using Q and
I2 statistics. A total of nine observational studies (seven cross-sectional studies and two cohort studies) were included in the meta-analysis.
In a dose–response analysis of cohort studies and cross-sectional studies, the summary estimate of the MetS for an increase of 100 g/d in fruit
consumption (nine studies) was 0·97 (95 % CI 0·95, 0·99; I2= 26·7 %), whereas an increase of 100 g/d in vegetable consumption (nine studies)
was not associated with a reduction in the MetS (OR 0·98; 95 % CI 0·96, 1·01; I2= 54·6 %). In conclusion, an increased intake of fruit may reduce
the risk of theMetS. For future research, prospective studies or randomised clinical trials are needed to identify the effects of fruits and vegetables
by variety on the risk of the MetS.
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The metabolic syndrome (MetS) is a cluster of conditions includ-
ing abdominal obesity, dyslipidaemia, elevated blood pressure
and insulin resistance, which together increase the risk of
CVD and type 2 diabetes(1). With its rapidly increasing preva-
lence in recent decades, theMetS has been regarded as an impor-
tant public health issue affecting approximately 30–40 % of the
population in developed countries in parallel with obesity and
diabetes(2).

Diet plays a critical role in the development of theMetS(3). Fruits
and vegetables are important components of the diet, and low
intake of fruits and vegetables is a risk factor for many chronic
diseases, such as cancer and CVD, because fruits and vegetables
contain abundant minerals, vitamins and phytochemicals(4).

Epidemiological studies have evaluated the relationship
between fruit and vegetable intake and risk of the MetS.
However, the results remain controversial. Some studies(5,6)

have reported that fruit consumption is significantly associ-
ated with a decreased risk of the MetS, while others(7–9) have
shown no association between fruit intake and risk of the

MetS. Several studies(9) revealed an inverse association between
vegetable intake and risk of the MetS, while others(7,10) showed
no relationship.

Two meta-analyses have shown a significant relationship
between fruit or/and vegetable consumption and the
MetS(11,12). However, these studies only identified the rela-
tionship between fruit or/and vegetable consumption and
risk of the MetS in the highest v. lowest categories of food
consumption. The data provided by the dose–response
meta-analysis would be useful for determining the right level
of fruit or vegetable consumption for the prevention of the
MetS, through the evaluation of the linear and non-linear rela-
tionships. To the best of our knowledge, no studies have
investigated the dose–response relationship between fruit
or vegetable consumption and risk of the MetS.

Therefore, we performed a systematic review and meta-
analysis combining available data from observational studies
to examine the dose–response relationship between fruit or veg-
etable consumption and chance of the MetS.

Abbreviations: LFK, Luis Furuya-Kanamori; MetS, metabolic syndrome; RR, relative risk.
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Methods

Registry and protocol

The protocol for this systematic review with meta-analysis was
not registered in a trial registry. The present study followed
the Meta-Analysis of Observational Studies in Epidemiology
(MOOSE) guidelines.

Literature search strategy

Two investigators (M. L. and M. L.) searched the literature
independently. A systematic literature search was conducted
using the PubMed, MEDLINE and Embase databases for articles
published from June 1958 to October 2018. The following
search terms were used: (‘fruit’ or ‘vegetable’) and (‘metabolic
syndrome’ or ‘metabolic syndrome X’ or ‘insulin resistance’).
The PubMed search used the medical subject heading terms
‘metabolic syndrome’, ‘metabolic syndrome X’ and ‘insulin resis-
tance’. In addition, references from the articles retrieved and
previous review articles ormeta-analyseswere reviewed to iden-
tify additional relevant studies. The references were stored in
EndNote X7 (Clarivate Analytics).

Study selection

Studies have to be observational (cross-sectional, case–control,
cohort study), have fruit or vegetable consumption as the expo-
sure variables, have the MetS as the outcome, report OR or
relative risk (RR) and their CI in humans and to be published
in English language journals. If duplicate publications from the
same study were identified, the result with the largest number
of cases from the study was included. At first, titles and abstracts
were reviewed, and then full texts were reviewed.

Two investigators (M. L. and M. L.) reviewed all identified
studies independently, and discrepancies were discussed and
resolved by a third investigator (J. K.).

Data extraction and quality assessment

Two investigators (M. L. and M. L.) conducted study selection
and data extraction and held further discussion to resolve any
disagreement after reviewing the original article. The following
data were extracted from each study: first author’s name,
publication year, study location, study design, follow-up period,
number of subjects and cases, age and sex of subjects, dietary
assessment method, MetS criteria, OR/RR with 95 % CI for
the MetS across dietary intake levels and adjusted variables.
The most-adjusted model among the multivariable adjustment
models was used.

Two investigators (M. L. and M. L.) independently evaluated
the quality of cohort and cross-sectional studies using the modi-
fied Newcastle–Ottawa quality assessment scale(13) for the fol-
lowing criteria: representativeness of the sample, justification
of sample size, non-respondents, ascertainment of the risk factor,
comparability of subjects and clear description of the statistical
test. The evaluation scores ranged from 0 to 10. Total scores
≥ 7 (out of 10) indicated high quality. Any discrepancies in qual-
ity assessment between the two reviewers were resolved by

discussion until a consensus was reached. To avoid selection
bias, no study was rejected because of these quality criteria.

Statistical analysis

The effect size from each study was estimated from OR, and the
RR for one study was deemed equivalent to OR. For the linear or
non-linear dose–response analysis, the natural logarithm of the
OR from each study was pooled using random-effect models,
which incorporate both within-study and between-study varia-
tions(14). If a study reported the estimates separately according
to individual fruits or vegetables(15–17) or sex(6), the effect esti-
mates in the same study were combined using a random-effect
model in the main analysis.

The dose–response association between dietary factor (fruit
or vegetables) and outcome (MetS) was examined using gener-
alised least-square trend estimation analysis to estimate the
study-specific slope lines first and then derive an overall slope,
which requires the number of cases and subjects(18,19). When
these numbers were not available, variance-weighted least-
squares meta-regression analysis was used to estimate the
dose–response slopes(18,19). For these two analyses, the median
or mean value for each category of intake level was used. For
studies not providing the median or mean intake of each
category, the mid-point of the upper and lower boundaries in
each category was used as the average intake. Fruit or vegetable
consumption reported as servings or times per d or week was
converted to g/d.

To visualise and summarise the associations between fruit or
vegetable consumption and the MetS, the OR from each study as
well as a pooled OR are presented as forest plots, where the size
of the data markers (squares) corresponds to the inverse of the
variance of the natural logarithm of OR from each study and the
diamond indicates a pooled OR.

A two-stage random-effects dose–risk meta-analysis was
performed to examine a non-linear dose–response relationship
between fruit or vegetable consumption and the MetS. After
modelling fruit consumption using restricted cubic splines with
three knots at fixed percentiles (10, 50, 90 %) of the distribu-
tion(20–22), a generalised least-squares method and multivariate
maximum-likelihood method were used to estimate a summary
non-linear dose–response relationship while taking random
effects into account(19). A P value for non-linearity was calculated
by testing the null hypothesis that the coefficient of the second
spline was equal to 0.

A subgroup analysis and a meta-regression analysis
were conducted to explore potential sources of heterogeneity
and compare them among groups. The analyses were per-
formed according to study design (cohort/cross-sectional),
study location (Asia/Europe), MetS criteria (National Cholesterol
Education Program Adult Treatment Panel III and others), study
quality (good and others) and adjustment factors (alcohol, smok-
ing, physical activity, education, family history of diabetes, energy
intake and meat intake). A sensitivity analysis was conducted
in which one study at a time was removed and the remaining
studies were assessed to evaluate the impact of the removed
study. To explore the presence of heterogeneity and inconsis-
tency, the Q test and I² statistic (100 % × (Q – df)/Q) were
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calculated(23,24). The assumption of heterogeneity was consid-
ered valid for P values<0·10 based on theQ statistic. To estimate
the between-study variance, the τ2 statistic was calculated.

Potential small study effects were evaluated by visual inspec-
tion of the funnel plot with a pseudo 95 % CI that was tested
by Egger’s regression asymmetry test(25). The results were consid-
ered to indicate a small study effect when the P value was
<0·10(26). In addition, the Doi plot and the Luis Furuya-
Kanamori (LFK) index were implemented for the detection of
asymmetry of a small study effect(27). Statistical analysis was per-
formed using Stata/SE 14.2 (STATA). The LFK index has been
implemented into MetaXL version 5.3 (EpiGear International). A
two-tailed P value <0·05 was considered statistically significant.

Results

Literature search for dose–response meta-analysis

Originally, 2421 papers were searched and 1024 duplications
were excluded. Three articles were added from bibliography
review. In total, 1092 articles were excluded based on title
and abstract (online Supplementary Table S1). Full-text of
308 articles was reviewed and the following 299 articles were
excluded (online Supplementary Table S2): 119 studies not
related to dietary factors, seventy-seven studies not related
to outcome, twenty-four reviews or letters, thirty-eight stud-
ies for which no full text was available, twenty-two studies
that did not report OR/RR or 95 % CI, eight studies not pub-
lished in English, six studies that did not report data for fruit
or vegetable consumption, two clinical studies, one duplicate
study and two studies that focused on patients with specific
diseases. As a result, a total of nine articles(5–10,15,17,20) were
identified as eligible for the present meta-analysis (Fig. 1).

Study characteristics

Nine studies(5–10) including seven cross-sectional studies(5–7,16,17)

and two cohort studies(8,15) were used in the dose–response
meta-analysis of the association between fruit or vegetable con-
sumption and chance of the MetS (Table 1). Six studies(5,8–10,15,17)

were conducted in Asia, and three studies(6,7,16) were conducted
in Europe. Seven studies(5–8,10,15,16) included both male and
female participants, and two studies(9,17) included only male
or female participants. Four studies(6,7,9,17) defined the MetS
according to the guidelines of the National Cholesterol
Education Program Adult Treatment Panel III(28), and three
studies(5,10,15) defined the MetS using the modified National
Cholesterol Education Program Adult Treatment Panel III crite-
ria. One study(8) defined the MetS using criteria of the
International Diabetes Federation(29). One study(16) defined the
MetS as the presence of two out of four criteria considered in
diagnostic investigation (diabetes, obesity, dyslipidaemia and
hypertension). Most studies were adjusted for age(5–10,17) and
smoking(6–9,15–17). Two studies provided the adjusted OR for
alcohol(6,8). Four studies provided the adjusted OR for educa-
tion(5,6,8,15). Four studies(7,8,16,17) received a score indicating high
quality.

Dose–response meta-analysis on the chance of the
metabolic syndrome associated with fruit and vegetable
consumption

Nine studies(5–10,15–17) involving 8422 cases and 38 188 participants
investigated the association between fruit or vegetable consump-
tion and the MetS. In the dose–response meta-analysis, an increase
of 100 g/d of fruit intake was associated with 3% lower odds of the
MetS (OR 0·97; 95% CI 0·95, 0·99), with no statistically significant
heterogeneity (I²= 26·7%, P= 0·21; τ2= 0·0002) (Fig. 2).
Compared with people who had no daily consumption of fruit,
the estimated OR of the MetS were 0·97 (95% CI 0·95, 0·99) for
50 g/d, 0·95 (95% CI 0·91, 0·99) for 100 g/d (one serving), 0·88
(95% CI 0·78, 0·97) for 200 g/d, 0·81 (95% CI 0·69, 0·94) for
300 g/d, 0·75 (95% CI 0·58, 0·92) for 400 g/d, 0·69 (95% CI 0·50,
0·88) for 500 g/d and 0·66 (95% CI 0·44, 0·88) for 600 g/d
(Fig. 3(a)). However, there was no evidence of a non-linear rela-
tionship between fruit intake and theMetS in the cubic splinemodel
(P non-linearity= 0·25); therefore, a weighted linear regression
model was fitted (Fig. 3(b)).

Nine studies(5–10,15–17) involving 8422 cases and 38 188 partic-
ipants investigated the association between vegetable consump-
tion and the MetS. One study(15) revealed an inverse association,
while the other eight studies(5–10,16,17) indicated no relationship.
In a dose–response analysis, an increase of 100 g/d of vegetable
intake was not associated with odds of the MetS (OR 0·98; 95 %
CI 0·96, 1·01), with moderate heterogeneity (I²= 54·6 %,
P= 0·02; τ2= 0·0005). There was no evidence of a non-linear
association between vegetable intake and the MetS in the cubic
spline model (P non-linearity= 0·35).

Subgroup, meta-regression and sensitivity analyses

Results for the subgroup analyses andmeta-regression analyses of
fruit consumption and chance of the MetS are shown in
Table 2. Cross-sectional studies showed significant inverse asso-
ciations (OR 0·97; 95 %CI 0·94, 0·99),while cohort studies showed
a non-significant inverse association; however, the difference was
not significant (P= 0·21). Asian studies (OR 0·95; 95 % CI 0·91,
0·99) showed significant inverse associations, while European
studies showed a non-significant inverse association; however,
the difference was not significant (P= 0·55). Subgroup analyses
found no significant difference in the MetS criteria (P> 0·3 for all
comparisons). Study quality (P= 0·07) and adjustment factors
such as smoking (P= 0·01) and physical activity (P= 0·01)
seemed to contribute to the heterogeneity in this analysis.
With regard to the adjustment factors, such as alcohol, education,
family history of diabetes, energy intake and meat intake, no sig-
nificant differences were found based on the results of meta-
regression analyses (P> 0·1 for all comparisons). When one
study was deleted from the model at a time, the summary OR
ranged from 0·96 (95 % CI 0·93, 0·99) to 0·98 (95 % CI 0·96, 1·00).

Subgroup and meta-regression analyses of vegetable intake
and theMetS are shown in Table 3. The subgroup analyses found
no significant difference in study design, study location, the
MetS criteria, the quality assessment of studies (P≥ 0·1 for all
comparisons) and adjustment factors (P≥ 0·1 for all compari-
sons). In the sensitivity analysis of vegetable intake and the
MetS, the summary OR ranged from 0·97 (95 % CI 0·93, 1·01) to
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1·00 (95 % CI 0·99, 1·01). When one study(15), by Cheraghi et al.,
was excluded, the significance for heterogeneity disappeared
(I2= 0·0 %, P= 0·77), and the same result was obtained
(OR 1·00 per 100 g/d; 95 % CI 0·99, 1·01).

Small study effect

There was no indication of a small study effect for a dose–
response meta-analysis of fruit consumption and the MetS based
on Egger’s test (Egger’s P= 1·00), but an LFK index indicated
evidence of a study effect (LFK index= −5·78). For vegetable
consumption, the test revealed evidence of a small study effect
(Egger’s P= 0·03, LFK index= −2·62).

Discussion

This meta-analysis of seven cross-sectional studies and two
cohort studies revealed an inverse relationship between fruit

consumption and chance of the MetS. The association between
fruit consumption and the MetS was linear; no non-linear asso-
ciation was found. In a dose–response meta-analysis, an incre-
ment of 100 g/d in fruit consumption was related to a 3 %
lower risk of the MetS. Vegetable consumption (nine studies)
was not associated with risk of the MetS.

These results are consistent with the findings from previous
studies showing the beneficial association of fruit consumption
with the incident MetS in the highest v. lowest categories of an
observational meta-analysis(11,12). A meta-analysis of sixteen
studies including thirteen cross-sectional and three cohort
studies showed that fruit consumption was associated with a
significantly decreased OR for the MetS. The summary OR
for the MetS was 0·87 (95 % CI 0·82, 0·92) for fruit consump-
tion(11). A meta-analysis of twenty-six observational studies
including twenty cross-sectional, one case–control and five
cohort studies reported that the summary OR for the MetS in
the highest category of fruit consumption compared with that

Records identified through
database searching

(n 2421)

Additional records identified
through bibliography review

(n 3)

Records after duplicates removed
(n 1400)

Records screened
(n 1400)

Records excluded based on
titles and abstract

(n 1092)

Full-text articles 
assessed for eligibility

(n 308)

Full-text articles excluded,
with reasons (n 299)

- Not related to dietary factor
(n 119)

- Not related to outcome
(n 77)

- Review or letter (n 24)

- No full text (n 38)

- Did not report OR or RR or
95 % CI (n 22)

- Non-English language (n 8)

- Did not report data for fruit
or vegetable consumption

(n 6)

- Clinical articles (n 2)

- Reported the same
population (n 1)

- Study focused on patients
(n 2)

Studies included in 
quantitative synthesis 

(meta-analysis)
(n 9)

Fig. 1. Flow chart of the selection process according to thePreferredReporting Items for Systematic Reviews andMeta-Analyses (PRISMA) statement. RR, relative risk.
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Table 1. Characteristics of studies on the association between fruit and vegetable consumption and the Metabolic syndrome (MetS)

Author (year) Study design Location
Age

(years)
No. of
subjects

%
Female

Criteria for the
MetS

Dietary
assessment Exposure

Consumption
amount (g/d) OR/RR 95% CI Adjustments

Overall
quality

Babio et al.
(2009)(7)

Cross-sectional Spain 55–80 808 55·2 NCEP ATP III FFQ Fruit ≥450 0·93 0·67, 1·29 Sex, age, energy intake, smoking
status and physical activity

7
Vegetables ≥400 0·80 0·54, 1·17

Baik et al.
(2013)(8)

Cohort Korea 40–69 5251 Modified
International
Diabetes
Federation

FFQ Fruit Mean, g/d Age, sex, income, occupation,
education, smoking status,
alcohol intake, quartiles of
mean daily physical activity,
study sites, FTO genotypes,
quartiles of energy intake, and
quintiles of food groups or food
items that are presented in the
table

9
Q1, 60 Reference
Q2, 90 1·34 1·08, 1·65
Q3, 150 1·11 0·93, 1·32
Q4, 240 1·10 0·91, 1·33
Q5, 540 1·11 0·91, 1·35

Vegetables Q1, 283·32 Reference
Q2, 449·98 0·98 0·82, 1·19
Q3, 583·31 0·93 0·76, 1·13
Q4, 749·97 0·85 0·70, 1·04
Q5, 1066·62 0·99 0·80, 1·22

Cheraghi
et al.
(2016)(15)

Cohort Iran ≥20 3616 62 Modified NCEP
ATP III

FFQ Fruit Kiwi, 69 0·2 0·0, 1·8 Educational status, smoking
history, history of weight loss
and seventy-four food items

6
Orange, 128 0·7 0·4, 1·2
Peach, 77 0·1 0·0, 0·8
Pear, 178 9·3 0·9, 89·5
Pomegranate,
282

4·4 1·5, 12·7

Vegetables Baked carrots,
80

12·6 1·5, 104·9

Baked
mushroom, 20

0·3 0·1, 0·7

Cucumber,
201

0·3 0·1, 1·1

Eggplant, 100 0·1 0·1, 1·4
Shredded
lettuce, 50

0·4 0·1, 1·1

Stewed
pumpkin, 123

9·0 1·1, 74·5

Esmaillzadeh
et al. (2006)(9)

Cross-sectional Iran 40–60 486 100 NCEP ATP III FFQ Fruit Age, energy intake, cholesterol
intake, percentage of energy
from fat, cigarette smoking,
physical activity level, current
oestrogen use, menopausal
status, family history of
diabetes or stroke, intakes of
whole grains, refined grains,
dairy products, meat and fish,
mutual effects of fruit and
vegetable intakes, C-reactive
protein concentrations and BMI

6
Q1, 98 1·00
Q3, 217 1·02 0·93, 1·19
Q5, 362 0·89 0·79, 1·02

Vegetables
Q1, 74 1·00
Q3, 191 1·06 0·95, 1·27
Q5, 279 0·86 0·73, 0·99

Jung et al.
(2011)(10)

Cross-sectional Korea 30–59 596 57 Modified NCEP
ATP III

3-d food
record

Fruit Age, sex, and energy intake 6
150 0·87 0·75, 1·01

Vegetables
455 0·98 0·91, 1·07

Fru
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an
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vegetab
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d
th
e
m
etab

o
lic

syn
d
ro
m
e
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Table 1. Continued

Author (year) Study design Location
Age

(years)
No. of
subjects

%
Female

Criteria for the
MetS

Dietary
assessment Exposure

Consumption
amount (g/d) OR/RR 95% CI Adjustments

Overall
quality

Kim et al.
(2017)(5)

Cross-sectional Korea 30–64 11 029 60·2 Modified NCEP
ATP III

FFQ Fruit Age, sex, total energy intake, diet
modification, and education
level

6
Q1, 47·71 1·00
Q2, 112·46 0·85 0·76, 0·94
Q3, 257·87 0·70 0·63, 0·79

Vegetables
Q1, 62·3 1·00
Q2, 128·8 0·92 0·82, 1·03
Q3, 259 0·93 0·83, 1·03

Kouki et al.
(2011)(6)

Cross-sectional Finland 57–78 1334 50·3 NCEP ATP III 4-d food
record

Fruit Berries Age, smoking, alcohol
consumption, education and
VO2max

6
Men Men
<9·0 1·00
9·0–42·0 0·69 0·44, 1·08
>42·0 0·51 0·31, 0·84
Women Women
<17·0 1·00
17·0–60·5 0·98 0·62, 1·57
>60·5 1·18 0·74, 1·88

Vegetables Men Men
<104 1·00
104–179 0·66 0·41, 1·04
>179 0·71 0·44, 1·15
Women Women
<136 1·00
136–210 0·71 0·44, 1·13
>210 0·82 0·51, 1·32

Montano
(2017)(16)

Cross-sectional Germany 18–79 7987 52·6 ≥2 of the 4
components:
obesity,
dyslipidaemia,
hypertension
and diabetes
mellitus

FFQ Fruit 130 0·98 0·96, 0·99 Smoking status, physical activity,
depression, anxiety, fruits and
vegetables, animal products,
dietary fibre and beverages

7
Vegetables Raw

vegetables
Raw
vegetables

11·59–23·17 1·00 0·98, 1·01
Cooked
vegetables

Cooked
vegetables

11·59–23·17 1·00 0·98, 1·02
Shin et al.
(2009)(17)

Cross-sectional Korea ≥30 7081 0 NCEP ATP III FFQ Fruit Age, family history of type 2
diabetes, smoking status, and
physical activity

7
Low 7·15 Low 1·00
Medium 57·14 Medium

0·98
0·81, 1·19

High 128·57 High 0·87 0·70, 1·07
Vegetables

Yellow
vegetables

Yellow
vegetables

Low 25 Low 1·00
Medium 55 Medium

1·14
0·95, 1·36

High 155 High 0·95 0·79, 1·14
Green leafy
vegetables

Green
leafy
vegetables

Low 5 Low 1·00
Medium 25 Medium

1·07
0·89, 1·29

High 50 High 1·05 0·87, 1·25

RR, relative risk; NCEP ATP III, National Cholesterol Education Program Adult Treatment Panel III; FTO, fat mass and obesity-associated.

728
M
.
Lee

et
a
l.

https://doi.org/10.1017/S000711451900165X Published online by Cambridge University Press

https://doi.org/10.1017/S000711451900165X


in the lowest category of the fruit consumption was 0·81
(95 % CI 0·75, 0·88)(12). Another meta-analysis, including
eight randomised controlled trials with 396 participants,
reported that fruit intake was negatively associated with dia-
stolic blood pressure in patients with the MetS (standardised
mean differences = −0·29; 95 % CI −0·57, −0·02)(30).

Mechanisms have been suggested to explain the beneficial
effects of fruit intake on the MetS. Fruits have many nutrients,
such as vitamins, minerals and phytochemicals, which have
favourable effects on health outcome. Fruits contain abundant
antioxidants such as vitamins C and E, Mg, K, folic acid and
phytochemicals. A higher intake of antioxidants can modulate
oxidative stress by reducing levels of reactive oxygen species

in both humans and animal models(31,32). The protective
effects of fruits against the MetS may be mediated through
the effect of favourable components on inflammatory markers
such as C-reactive protein and TNF-α(33,34). Higher consump-
tion of fruits is associated with a lower plasma level of C-reactive
protein(35). Phytochemicals may also play a major role in
preventing insulin resistance by increasing the body’s produc-
tion of insulin, which has a critical function in preventing
the MetS(36). Intake of fibre, which is abundant in fruits and
vegetables, is also inversely associated with the MetS(37).

Unlike in previous meta-analyses, vegetable intake was not
significantly associated with the chance of the MetS in this
dose–response meta-analysis. Two meta-analyses published

Fig. 2. Forest plot of the odds ratio of the metabolic syndrome per 100 g/d increment in fruit or vegetable consumption.
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previously reported that the pooled OR for the MetS in the high-
est category of vegetable consumption were 11–15 % lower than
those in the lowest category(11,12). The present study included
different publications from the previous studies because the

present meta-analysis only included studies to provide data on
the chance of the MetS (OR/RR and 95 % CI) according to veg-
etable intake to reveal a dose–response association. Also, the
studies used different inclusion criteria and analytical methods
for the data. The discrepancy in results may be due to differences
in the variety of vegetables consumed or the cookingmethods of
vegetables consumed among studies. The biological effect of
vegetables may vary with their variety(38). Therefore, the con-
sumption of different vegetable types might affect the associa-
tion between vegetable consumption and risk of the MetS.
Luo et al. found that the consumption of white vegetables, such
as radish, sprouts and pumpkin was inversely associated with
risk of cancer, while green vegetable intake was not(39). A recent
meta-analysis revealed that the total vegetable intake was asso-
ciatedwith risk of theMetS, while green vegetable intakewas not
associated with the MetS in a subgroup analysis(12). In addition,
fruits are more commonly eaten raw than cooked, whereas
vegetables are consumed after various cooking methods.

Table 2. Subgroup analyses of fruit consumption and chance of the
metabolic syndrome (MetS)

Study
No. of
studies OR 95% Cl Heterogeneity P *

All studies 9 0·97 0·95,
0·99

P= 0·21,
I 2= 26·7%

Study design
Cross-sectional 7 0·97 0·94,

0·99
P= 0·18,
I 2= 32·3%

0·21

Cohort 2 1·00 0·96,
1·03

P= 0·49,
I 2= 0·0%

Study location
Asia 6 0·95 0·91,

0·99
P= 0·08,
I 2= 49·5%

0·55

Europe 3 0·98 0·97,
1·00

P= 0·80,
I 2= 0·00%

MetS criteria
NCEP ATP III 4 0·97 0·94,

1·00
P= 0·55,
I 2= 0·00%

0·70

Others 5 0·97 0·93,
1·00

P= 0·07,
I 2= 53·7%

Study quality
High 4 0·98 0·97,

1·00
P= 0·42,
I 2= 0·00%

0·07

Others 5 0·94 0·90,
0·98

P= 0·31,
I 2= 15·9%

Adjustment for confounders
Alcohol

Yes 2 1·00 0·96,
1·03

P= 0·56,
I 2= 0·00%

0·19

No 7 0·97 0·94,
0·99

P= 0·18,
I 2= 32·3%

Smoking
Yes 7 0·98 0·97,

0·99
P= 0·69,
I 2= 0·00%

0·01

No 2 0·90 0·83,
0·96

P= 0·64,
I 2= 0·00%

Physical activity
Yes 5 0·98 0·97,

0·99
P= 0·51,
I 2= 0·00%

0·01

No 4 0·89 0·83,
0·96

P= 0·94,
I 2= 0·00%

Education
Yes 4 0·94 0·85,

1·04
P= 0·09,
I 2= 54·7%

0·62

No 5 0·98 0·96,
0·99

P= 0·38,
I 2= 4·3%

Family history of diabetes
Yes 2 0·96 0·91,

1·01
P= 0·28,
I 2= 15·3%

0·44

No 7 0·97 0·95,
1·00

P= 0·17,
I 2= 34·3%

Energy intake
Yes 5 0·97 0·93,

1·00
P= 0·07,
I 2= 53·8%

0·92

No 4 0·98 0·96,
0·99

P= 0·53,
I 2= 0·0%

Meat intake
Yes 4 0·98 0·97,

0·99
P= 0·60,
I 2= 0·0%

0·17

No 5 0·93 0·87,
0·99

P= 0·16,
I 2= 38·6%

NCEP ATP III, National Cholesterol Education Program Adult Treatment Panel III.
*P values for heterogeneity between subgroups with meta-regression analysis.

Fig 3. Association between the risk of the metabolic syndrome (MetS) and
fruit consumption in observational studies in the meta-analyses. (a)
Restricted cubic splines in a multivariate random-effects dose–response
model. The solid curve represents estimates of the OR for the risk of the
MetS across fruit consumption relative to a reference value of 0 g/d, and
the dashed lines represent the 95 % CI for the spline model. (b) Linear
dose–response regression model. The solid line represents the weighted
regression line, with weights proportional to the precision of the OR. The
vertical axis is on a log scale.
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Vegetables are eaten steamed or boiled andmixed with a variety
of seasonings, such as salt, pepper or dressing. These different
cooking methods among various populations might influence

the association between vegetable intake and chance of
the MetS.

Between-study heterogeneity is common in meta-analysis. In
the present study, the adjustment for smoking and physical
activity was associated with heterogeneity. The effect of fruit
consumption on the chance of the MetS was smaller in studies
with adjustment for smoking or physical activity. Therefore,
these potential risk factors for the MetS should be considered
in the analysis of the association between dietary factors and risk
of the MetS.

To the best of our knowledge, this is the first study to reveal
a dose–response relationship between fruit or vegetable
consumption and chance of the MetS. The present study
provided quantitative data on the association between fruit
consumption and chance of the MetS. A relatively large
number of participants were included, which reduced the
sampling error and enabled a much greater possibility of
reaching reasonable conclusions. Most studies included in
the meta-analysis were of good quality, and the included
studies were analysed based on the most adjusted results.
Most analyses had a very narrow 95 % CI, and it proves that
the estimates had high precision.

The study has some limitations. Most studies included in
the meta-analysis were cross-sectional studies; large-scale
cohort studies should be included to confirm the results.
Although most of the included studies adjusted for most of
the major confounding factors, there is a possibility of residual
or unmeasured confounding factors on the association
between fruit intake and the MetS, based on a rather small
E-value(40). The use of different diagnosis criteria for the
MetS, different methods of dietary assessment or a small study
effect might affect the strength of the link between fruit or veg-
etable consumption and chance of the MetS. The potential for
ecological bias exists since meta-analyses use aggregate data
rather than analysing individual characteristics. Additionally,
failure to identify non-linearity in the cubic spline models
can result in overestimated or underestimated relationships.

In conclusion, the dose–response meta-analysis of observatio-
nal studies showed that an increase of 100 g/d in fruit consumption
was associatedwith 3% lower oddsof theMetS, but vegetable con-
sumption was not associated with the MetS. For future research, a
meta-analysis including cohort studies with high-quality or well-
designed randomised clinical trials should be conducted to con-
firm the association between fruit or vegetable intake and the risk
of theMetS. Also, theeffects of different varieties of fruits (e.g. citrus
fruit, non-citrus fruit and carotene-rich fruit) and vegetables (e.g.
green and white, cruciferous, carotene-rich and green leafy) on
the risk of the MetS should be examined.
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