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ABSTRACT
Aims/Introduction: Some previous studies reported no significant association of con-
suming fruit or vegetables, or fruit and vegetables combined, with type 2 diabetes. Others
reported that only a greater intake of green leafy vegetables reduced the risk of type 2
diabetes. To further investigate the relationship between them, we carried out a meta-
analysis to estimate the independent effects of the intake of fruit, vegetables and fiber on
the risk of type 2 diabetes.
Materials and Methods: Searches of MEDLINE and EMBASE for reports of prospective
cohort studies published from 1 January 1966 to 21 July 2014 were carried out, checking
reference lists, hand-searching journals and contacting experts.
Results: The primary analysis included a total of 23 (11 + 12) articles. The pooled maxi-
mum-adjusted relative risk of type 2 diabetes for the highest intake vs the lowest intake
were 0.91 (95% confidence interval [CI] 0.87–0.96) for total fruits, 0.75 (95% CI 0.66–0.84)
for blueberries, 0.87 (95% CI 0.81–0.93) for green leafy vegetables, 0.72 (95% CI 0.57–0.90)
for yellow vegetables, 0.82 (95% CI 0.67–0.99) for cruciferous vegetables and 0.93 (95% CI
0.88–0.99) for fruit fiber in these high-quality studies in which scores were seven or
greater, and 0.87 (95% CI 0.80–0.94) for vegetable fiber in studies with a follow-up period
of 10 years or more.
Conclusions: A higher intake of fruit, especially berries, and green leafy vegetables, yel-
low vegetables, cruciferous vegetables or their fiber is associated with a lower risk of
type 2 diabetes.

INTRODUCTION
Diabetes has become a serious and increasing global health bur-
den. An estimated 382 million people worldwide were affected
by diabetes in 2013, and this number is expected to rise to
592 million by 20351. Consequently, diabetes is predicted to
become the major cause of death and disability in the world by
20302,3. Primary prevention of diabetes is clearly a major public
health priority. Type 2 diabetes makes up >90% of all diabetes
cases. Although the development of type 2 diabetes is compli-
cated, dietary factors could play an important role in its patho-
genesis. Dietary modification has been shown to delay or
prevent the development of type 2 diabetes4,5.

Intake of sufficient amounts of fruit and vegetables is recom-
mended as a part of a healthy diet, though the individual con-
tribution from different food sources remains largely unknown.
Increasing fruit and vegetable consumption could reduce the
risk of many chronic diseases, including cardiovascular diseases,
cancers, stroke and type 2 diabetes6–12. These foods contain
considerable protective constituents, including potassium, folate,
vitamins, fiber, anti-oxidant content and phenolic com-
pounds13–15. However, the mechanisms by which fruit and veg-
etables reduce the risk of type 2 diabetes have not been
precisely elucidated. To date, many epidemiological studies have
examined the association between type 2 diabetes risk and fruit
and vegetable intake12,16–28. Findings from these studies have
been surprisingly inconsistent. Some studies suggested a higherReceived 1 April 2015; revised 5 May 2015; accepted 12 May 2015
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intake of fruit and vegetables, especially the intake of berries
and green leafy vegetables, has the inverse associations with the
risk of type 2 diabetes12,16–22. Some studies have not shown
such associations with the intake of fruit or vegetables23–28. The
discrepancy of these results could arise from the complicity of
the disease itself and functional heterogeneity of the biological
responses to various foods.
In the present study, we sought to carry out a meta-analy-

sis to investigate the relationship between fruit or vegetable
intake, and the incidence of type 2 diabetes. Notably, several
previously carried out meta-analyses used relatively limited
pooled results around 2008. They primarily focused on the
relationship between the intake of fruit or vegetables and
type 2 diabetes11,16,20,27–30. They reported no significant asso-
ciation of fruit or vegetables, or fruit and vegetables com-
bined with type 2 diabetes11,29,30. Only a greater intake of
green leafy vegetables reduced the risk of type 2 diabetes11,29.
Presently, we collected a more up-to-date and large number
of prospective cohort relevant studies in the present meta-
analysis. Additionally, we included the relationship between
the intake of fruit and vegetable fiber, and the risk of type 2
diabetes.

MATERIALS AND METHODS
Search Strategy
Two authors (Ping-Yu Wang and Jun-Chao Fang) carried out
the literature search. We systematically searched MEDLINE
and EMBASE for studies published from 1 January 1966 to 21
July 2014. To ensure a broad range of relative issues, the search
strategy included a combined text and the medical subject
headings (type 2 diabetes, diabetes mellitus, prediabetes,
impaired glucose tolerance, impaired fasting glucose, fruits, veg-
etables, fiber, fibre, follow-up, and prospective studies). Further-
more, to search for more studies, we also sought expert
opinion and additionally hand-checked the reference lists of
original publications and previous meta-analyses or reviews.
There were no language restrictions.

Study Selection
To be included, studies had to fulfil the following criteria: (i)
prospective cohort studies with healthy participants at base-
line; (ii) an individual measure of intake of fruits, vegetables,
fruit and vegetables, or fruit and vegetable fiber; (iii) an
assessment of the development of type 2 diabetes; (iv) multi-
variate adjusted relative risk (RR) or hazard ratios (HR) with
their corresponding 95% confidence interval (CI). Studies that
did not meet the inclusion criteria were excluded during the
initial review. When uncertainty existed, we retrieved and
assessed the full text article. Two reviewers (Ping-Yu Wang
and Zong-Hua Gao) resolved any uncertainty through discus-
sion. If duplicate reports from the same study cohort were
identified, only the most recent publication with the most
detailed information or the study with the largest population
was included.

Data Extraction and Validity Assessment
Data extraction was carried out independently by two authors
(Ping-Yu Wang and Jun-Chao Fang), and any differences were
resolved through discussion. From each study, the following
details were extracted: the first author, publication year, coun-
try, number of participants, participants’ age, sex, duration of
follow up, number of events, methods used to measure expo-
sure, outcome assessment, multivariate adjusted RR or HR of
type 2 diabetes and corresponding 95% CI for the highest vs
lowest level of intake with the greatest number of adjustments,
and confounding factors in the statistical analysis.
For assessing the quality of an observational study, the New-

castle–Ottawa quality assessment Scale (NOS) is recom-
mended31. Two authors (Can Zhang and Shu-Yang Xie)
independently assessed all studies for quality and validity using
the NOS, and any discrepancies were resolved by discussion.
For cohort studies, the NOS consisted of three dimensions of
quality: selection (4 points), comparability (2 points) and out-
come (3 points). It allowed a total score from 0 to 9 points,
with a total score of 7 or greater reflecting high-quality studies.

Statistical Analysis
HRs or RRs were used to measure the association between
intake of fruit, vegetables or their fiber and risk of type 2 diabe-
tes. We transformed these values by taking their natural loga-
rithms and calculating their standard errors and corresponding
95% CIs. Then we generated pooled estimates to calculate sum-
mary hazard ratios and 95% CIs for the highest vs lowest level
of intake.
For each outcome, tests of heterogeneity were carried out

(using the v2-test of heterogeneity and I² statistic). If there
was no heterogeneity, a fixed-effect meta-analysis was carried
out. If there was substantial heterogeneity (I2 greater than
50%), the review authors looked for a possible reason for this
(e.g., participants). We carried out subgroup analysis based on
the quality of the study (high quality vs lower quality), sex
(men and women included vs women only), length of follow
up (<10 years vs ≥10 years) and location (USA and Europe
vs China), as these were thought to be possible sources of
heterogeneity. If the heterogeneity could not be explained, we
used a random-effects model with appropriate cautious inter-
pretation.
We also carried out sensitivity analysis to assess the stability

of the results by excluding or including studies at high risk of
bias (e.g., those follow-up years <5 years) or using the trim and
fill method. The effects of publication bias were assessed using
funnel plots and Egger’s regression test to measure funnel plot
asymmetry32,33. All statistical analyses were analyzed with Stata
(version 12.0; StataCorp, College Station, TX, USA).

RESULTS
Search Results
The systematic search identified 2,626 articles (Figure 1), of
which 2,589 were excluded on the basis of titles and abstracts.
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We obtained 37 potentially relevant articles for full-text assess-
ment. Of these, several articles, which examined fruit and vege-
table intake within dietary patterns only or were meta-analyses,
were not included. Two articles reported the same cohort data,
so we excluded the article with the smaller population16,29. One
study, which examined plasma vitamin C level with the risk of
incident of type 2 diabetes, was excluded for data presented as
odds ratios22, but we added the data from the study to see if it
significantly altered the observed associations in the sensitivity
analysis. One additional article was included by checking the
reference lists of identified reports24. A total of 22 articles, pub-
lished between 1992 and 2014, were included in this meta-
analysis.

Study Characteristics and Quality Assessment
There were 11 articles including 15 independent cohorts on
fruit and vegetable intake and risk of type 2 diabetes (Table 1).
In the publications of Muraki et al.20, Ford and Mokdad21, and
Kurotani et al.28, the results, reporting for sex or independent
cohorts separately, were treated as separate cohorts in the cur-
rent meta-analysis. The age of participants ranged from 25 to
79 years. Study duration of follow up ranged from 4 to
24 years. In most papers, some adjustments including age, sex,
body mass index, energy intake, smoking, alcohol and family

history were made for potential confounding factors. None of
the papers met all of the criteria of the quality assessment tool,
and the quality scores ranged from 5 to 8.
There were 12 articles including 19 independent cohorts

studying on intake of fruit and vegetable fiber and risk of
type 2 diabetes (Table 2). In the publications of Sameron, Ste-
vens and Hopping34–36, the results, reporting for independent
cohorts separately, were treated as separate cohorts in the cur-
rent meta-analysis. The age of participants ranged from 26 to
79 years. Study duration of follow-up ranged from 4.6 years to
14 years. All papers made some adjustments for potential con-
founding factors. The quality scores ranged from 5 to 8.

Fruit Only
The overall maximum-adjusted pooled RR based on all avail-
able data for the highest intake of fruit vs the lowest intake
with risk of type 2 diabetes was 0.91 (95% CI 0.87–0.96). The
I2 statistic for heterogeneity between studies was 11.2% and
P = 0.33 for homogeneity, suggesting low between-study heter-
ogeneity. The meta-analysis showed a significant reduction in
the risk of type 2 diabetes incidence for consumption of fruits
(Figure 2).
Some cohort studies also examined the intake of citrus,

strawberries and blueberries with the risk of type 2 diabetes.

2,626 articles identified from electronic databases 

2,589 articles were excluded by title and
abstract

Reviews or letters
Cross-sectional studies

Not relevant exposure or outcome

Clinical trials

37 articles identified for full-text review

16 articles excluded

Dietary patterns (n = 11)

Reported OR not RR (n = 1)

1 additional article included from reference
review

22 articles accepted for meta-analysis

15 independent cohorts for fruit and vegetable and T2D
19 independent cohorts for fruit and vegetable fiber and T2D

Duplicate study (n = 2)

Meta-analysis (n = 2)

Figure 1 | Process of study selection in the meta-analysis. OR, odds ratio; RR, relative risk; T2D, type 2 diabetes.
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Eight cohort studies investigated the association between citrus
intake and the risk of type 2 diabetes, the summary RR was
1.02 (95% CI 0.96–1.09) for the highest intake compared with
the lowest intake, with no evidence of between-study heteroge-
neity (I2 = 0.0% and P = 0.67 for homogeneity). Five cohort
studies investigated the association between strawberry intake
and the risk of type 2 diabetes, the summary RR was 0.96
(95% CI 0.78–1.18) for the highest intake compared with the
lowest intake. Four cohort studies investigated the association
between blueberry intake and the risk of type 2 diabetes, the
summary RR was 0.75 (95% CI 0.66–0.84) for the highest
intake compared with the lowest intake, with a significant
reduction in risk of type 2diabetes.

Vegetables Only
The overall maximum-adjusted pooled RR based on all avail-
able data for highest intake vegetables vs lowest intake with risk
of type 2 diabetes incidence was 0.91 (95% CI 0.82–1.01). The
I2 statistic for heterogeneity between studies was 57.2% and
P = 0.01 for homogeneity, suggesting substantial between-study
heterogeneity.
Some cohort studies also examined intake of green leafy veg-

etables, yellow vegetables and cruciferous vegetables with the
risk of type 2 diabetes. Seven cohort studies investigated
the association between the intake of green leafy vegetables and
the risk of type 2 diabetes, the summary maximum-adjusted
RR was 0.87 (95% CI 0.81–0.93) for the highest intake com-
pared with the lowest intake, with no evidence of between-
study heterogeneity (I2 = 0.0% and P = 0.50 for homogeneity;
Figure 3). Three cohort studies investigated the association
between yellow vegetables intake and the risk of type 2 diabe-

tes, the summary RR was 0.72 (95% CI 0.57–0.90) for the high-
est intake compared with the lowest intake. Three cohort
studies investigated the association between cruciferous vegeta-
bles intake and the risk of type 2 diabetes, the summary RR
was 0.82 (95% CI 0.67–0.99) for the highest intake compared
with the lowest intake.

Fruit and Vegetables Combined
We identified nine cohort studies on the association between
the intake of fruit and vegetables combined and the risk of
type 2 diabetes. The summary maximum-adjusted RR was 0.95
(95% CI 0.90–1.02) for the highest intake compared with the
lowest intake, with marginal between-study heterogeneity
(I2 = 34.4% and P = 0.14 for homogeneity).

Fruit Fiber
The overall maximum-adjusted pooled RR based on all avail-
able data for the highest intake of fruit fiber vs the lowest
intake with the risk of type 2 diabetes incidence was 1.00 (95%
CI 0.99–1.02). The I2 statistic for heterogeneity between studies
was 1.5% and P = 0.44 for homogeneity, suggesting almost no
between-study heterogeneity. However, subgroup analysis
results showed that a significant reduction in the risk of type 2
diabetes incidence for consumption of fruit fiber in these high-
quality studies in which scores were 7 or greater (Figure 4).

Vegetable Fiber
The overall maximum-adjusted pooled RR based on all avail-
able data for the highest intake vegetable fiber vs the lowest
intake with risk of type 2 diabetes was 0.94 (95% CI 0.86–
1.03). The I2 statistic for heterogeneity between studies was

Study ID RR (95% CI) Weight (%)

1.14 (0.93, 1.39) 6.39

0.97 (0.82, 1.16) 8.58
0.85 (0.59, 1.22) 1.96

0.69 (0.51, 0.92) 2.97
0.90 (0.80, 1.00) 20.74

0.94 (0.76, 1.16) 5.77

0.89 (0.76, 1.04) 10.50
0.94 (0.71, 1.26) 3.14
1.04 (0.73, 1.48) 2.07

0.82 (0.72, 0.92) 17.18
0.92 (0.78, 1.08) 9.75

0.99 (0.82, 1.19) 7.45

0.98 (0.75, 1.29) 3.51
0.91 (0.87, 0.96) 100.00

Meyer (2000)

Liu (2004)
Hodge (2004)

Montonen (2005)
Bazzano (2008)

Villegas (2008)
Cooper (2012)

Kurotani (2013) M

Kurotani (2013) F
Muraki (2013) NHS
Muraki (2013) NHS II

Muraki (2013) HPFS
Mursu (2014)

Overall (I-squared = 11.2%, P = 0.333)

.51 1 1.96

Figure 2 | Maximum-adjusted relative risk (RR) for type 2 diabetes, comparing highest vs lowest intake of fruit. Weights are from fixed effect
analysis. CI, confidence interval.
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53.4% and P = 0.005 for homogeneity, suggesting moderate
between-study heterogeneity. We then carried out subgroup
analysis to investigate the potential sources of between-study
heterogeneity. Sex, quality score of studies, duration of follow
up and location, as these were assumed to be potential sources
of bias, were analyzed separately. Overall, there were significant
associations between the risk of type 2 diabetes and the con-

sumption of vegetables fiber in studies with a follow-up time of
10 years or more (Figure 5).

Subgroup and Sensitivity Analyses
Table 3 shows the subgroup analysis results of intake of fruit,
vegetables or their fiber and the risk of type 2 diabetes, com-
paring highest vs lowest intake. Sex, quality score of studies,

Study ID RR (95% CI) Weight (%)

Liu (2004) 0.96 (0.81, 1.13)

0.69 (0.50, 0.93)

0.90 (0.82, 1.00)

0.78 (0.64, 0.96)

0.84 (0.65, 1.07)

0.83 (0.62, 1.12)

0.81 (0.57, 1.16)

0.87 (0.81, 0.93)

17.36

5.00

48.87

11.71

7.75

5.50

3.81

100.00

Montonen (2005)

Bazzano (2008)

Villegas (2008)

Cooper (2012)

Kurotani (2013) M

Kurotani (2013) F

Overall (I-squared = 0.0%, P = 0.496)

.5 1 2

Figure 3 | Maximum-adjusted relative risk (RR) for type 2 diabetes, comparing highest vs lowest intake of green leafy vegetables. Weights are from
fixed effect analysis. CI, confidence interval.

Study ID RR (95% CI) Weight (%)

<7

≥7
Salmeron (1997) F
Salmeron (1997) M
Montonen (2003)
Schulze (2004)
Schulze (2007)
Barclay (2007)
Hoppping (2010) Caucasian M
Hoppping (2010) Caucasian F
Hoppping (2010) Japanese American M
Hoppping (2010) Japanese American F
Hoppping (2010) Native Hawaiian M
Hoppping (2010) Native Hawaiian F
Subtotal (I-squared = 0.0%, P = 0.964)

Heterogeneity between groups: P = 0.018
Overall (I-squared = 1.5%, P = 0.437)

.32 3.13

Colditz (1992) 0.95 (0.60, 1.50)
1.17 (0.96, 1.42)
1.00 (0.98, 1.02)
1.01 (0.99, 1.03)
0.97 (0.81, 1.16)
0.55 (0.32, 0.95)
1.00 (0.99, 1.02)

0.87 (0.70, 1.08)
1.01 (0.76, 1.36)
0.92 (0.40, 2.13)
0.79 (0.60, 1.02)
0.89 (0.70, 1.13)
0.94 (0.78, 1.15)
0.88 (0.71, 1.08)
0.85 (0.65, 1.11)
0.97 (0.85, 1.11)
0.98 (0.85, 1.12)
0.93 (0.72, 1.19)
0.99 (0.79, 1.24)
0.93 (0.88, 0.99)

1.00 (0.99, 1.02)

0.10
0.53

56.90
36.16

0.63
0.07

94.40

0.44
0.24
0.03
0.29
0.36
0.54
0.47
0.29
1.15
1.08
0.32
0.40
5.60

100.00

Meyer (2000)
Stevens (2002) White
Stevens (2002) Black
Hodge (2004)
Weng (2012)
Subtotal (I-squared = 32.8%, P = 0.190)

Figure 4 | Maximum-adjusted relative risk (RR) for type 2 diabetes, comparing highest vs lowest intake of fruit fiber. Weights are from fixed effect
analysis. CI, confidence interval.
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duration of follow up and location were separately analyzed. In
addition, we made sensitivity analysis by including studies that
presented data as odds ratios, or excluding studies with follow-
up periods less than 5 years or that used the trim and fill
method or both using a fixed and random model. The sum-
mary results did not greatly alter the associations.

Publication Bias
There was no evidence of substantial publication bias by using
funnel plots and Egger’s regression test (P = 0.50 fruit, P =0.15
vegetables, respectively; Figure 6).

DISCUSSION
The present meta-analysis has quantitatively assessed the rela-
tionship between the intake of fruit, vegetables and their fiber,
and the risk of type 2 diabetes. The results show that an
increased consumption of fruit, especially berries, is associated
with a reduced risk of type 2 diabetes. Increasing intake of
green leafy vegetables, yellow leafy vegetables or cruciferous
vegetables could help to reduce the risk of type 2 diabetes. In
addition, there are significant associations between the risk of
type 2 diabetes and the consumption of vegetable fiber in stud-
ies with follow-up times of 10 years or more, and also a signifi-
cant reduction in the risk of type 2 diabetes for the
consumption of fruit fiber in these high-quality studies in
which the scores are seven or greater. These findings provide
strong support for the recommendations encouraging the public
to consume more fruit and vegetables. An important point is
that different types of fruit and vegetables could have different

effects on the risk of type 2 diabetes. Berries, green leafy vegeta-
bles, yellow leafy vegetables or cruciferous vegetables might be
good choices for reducing of the risk of type 2 diabetes.
Fruit and vegetables are rich sources of fiber, flavonoids and

anti-oxidant compounds (carotenoids, vitamin C and E), folate,
and potassium, which could explain the protective effects of
fruit and vegetables on type 2 diabetes. Dietary fiber was associ-
ated with insulin sensitivity, and improved the ability to delay
the absorption of carbohydrates and secrete insulin adequately
to overcome insulin resistance, resulting in lower postprandial
blood glucose and insulin levels12,43. A high intake of dietary
fiber can promote the feeling of fullness and reduce the intake
of energy-dense foods, resulting in a reduced risk of over-
weight/obesity, which is an established risk factor for type 2
diabetes22,44,45. The aforementioned studies supported our main
finding that consumption of fruit or vegetable fiber decreased
the risk of type 2 diabetes.
Fruits and vegetables also contain polyphenols, including

flavonoids and anti-oxidant compounds (carotenoids, vitamin C
and E) that could also decrease the risk of type 2 diabetes by
mitigating the oxidative stress that interferes with the glucose
uptake by cells46. Intake of anti-oxidants has reportedly
improved insulin sensitivity and lowered the risk of incident
type 2 diabetes30,47. Berries with high amounts of anthocyanins,
thus, could have beneficial effects on glucose metabolism and
bodyweight regulation19,48,49. Green leafy vegetables and yellow
vegetables also contain polyphenols, such as vitamin C and car-
otenoids (a-carotene, b-carotene and lutein), and cruciferous
vegetables contain substantial amounts of glucocinolates, which

Study ID RR (95% CI) Weight (%)

<10 y
Colditz (1992) 1.06 (0.67, 1.66) 1.56

1.17 (0.93, 1.46) 6.31
1.12 (0.84, 1.49) 3.91
0.97 (0.80, 1.18) 8.49
1.12 (0.87, 1.46) 4.79
1.00 (0.86, 1.17) 13.54
0.93 (0.74, 1.17) 6.11
1.28 (0.89, 1.82) 2.51
0.45 (0.25, 0.82) 0.91
1.03 (0.95, 1.11) 48.12

1.19 (0.46, 3.04) 0.36
0.76 (0.57, 0.99) 4.21
0.65 (0.52, 0.82) 6.18
0.94 (0.73, 1.22) 4.86
0.79 (0.67, 0.93) 11.93
1.00 (0.86, 1.16) 14.33
0.99 (0.75, 1.32) 4.01
0.92 (0.73, 1.16) 5.98
0.87 (0.80, 0.94)
0.86 (0.77, 0.97)

51.88

0.94 (0.89, 1.00)
0.94 (0.86, 1.03)

100.00

1.03 (0.92, 1.14)

Salmeron (1997) F
Salmeron (1997) M
Meyer (2000)
Schulze (2004)
Hodge (2004)
Schulze (2007)
Wannamethee (2009)
Weng (2012)
I-V Subtotal (I-squared = 34.0%, P = 0.146)
D+L Subtotal

≥10 y
Montonen (2003)
Barclay (2007)
Hopping (2010) Caucasian M
Hopping (2010) Caucasian F
Hopping (2010) Japanese American M
Hopping (2010) Japanese American F
Hopping (2010) Native Hawaiian M
Hopping (2010) Native Hawaiian F
I-V Subtotal (I-squared = 48.8%, P = 0.057)
D+L Subtotal

Heterogeneity between groups: P = 0.003
I-V Overall (I-squared = 53.4%, P = 0.005)
D+L Overall

.25 1 4

Figure 5 | Maximum-adjusted relative risk (RR) for type 2 diabetes, comparing highest vs lowest intake of vegetable fiber. Weights are from
random effect analysis. CI, confidence interval.
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are known for their anti-oxidant properties, in addition to vita-
mins A and K, folate, fatty acid, and magnesium content50–52,
which further supports the intake of fruits, especially berries,
and vegetables, as they are associated with a lower risk of
type 2 diabetes in our research.
The previous epidemiological studies, or systematic reviews

and meta-analyses have generated somewhat mixed results for
the association between the intake of fruit only, vegetables only,
fruit and vegetables combined, fruit fiber, vegetable fiber or die-
tary fiber and the risk of type 2 diabetes. To our knowledge,
no other systematic review and meta-analysis involving only
prospective studies has been carried out to examine the com-
bined effects of fruit and vegetable intake as well as their fiber
with the risk of type 2 diabetes.
Three previous independent meta-analyses investigated the

association between fruit and vegetable intake and the risk of
incident type 2 diabetes11,29,30. Two meta-analyses investigated
the association between fiber intake and the risk of incident
type 2 diabetes53,54. However, compared with this current
updated meta-analysis, some results limited their superiority.
Our meta-analysis showed that an increased consumption of

fruit is associated with a reduced risk of type 2 diabetes. Not
similar to the previous independent meta-analyses, which were
based on a limited number of studies and significant between-
study heterogeneity, the present results were similar to sub-
group analysis results according to duration of follow up by
Cooper29. In contrast to total fruit consumption, we also ana-
lyzed fruit type with the risk of type 2 diabetes, and found that
the intake of berries in particular was inversely associated with
the risk of type 2 diabetes. Furthermore, using the data from
these high-quality studies with scores of 7 or above, we further
found that high fruit fiber intake reduced the risk of type 2 dia-
betes.
Similar to the previous independent meta-analyses, we also

found that there was no significant association between total
vegetable intake and the risk of type 2 diabetes11,29,30. However,
we discovered that increasing the intake of green leafy vegeta-
bles, yellow vegetables or cruciferous vegetables could help to
reduce the risk of type 2 diabetes. Furthermore, we also found
that high vegetable fiber intake reduced the risk of type 2 dia-
betes using the data from these studies with follow-up period
of 10 years or more.
Our meta-analysis had some strengths. The present study

included a large number of prospective cohort studies on the
intake of fruit, vegetables and their fiber, and the risk of type 2
diabetes, which should eliminate selection bias and recall bias,
and allowed for further subgroup analysis. Furthermore, all
cohort studies were assessed for quality and validity using NOS,
and most studies had high-quality scores, with a large sample
size and long duration of follow up, and maximum-adjusted
RR for risk of type 2 diabetes.
However, several limitations should also be considered. First,

measurement errors were inevitable in the assessment of dietary
intake and type 2 diabetes. The potential misclassification ofTa
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individuals with undiagnosed type 2 diabetes might also have
attenuated the present findings. Different studies used different
methods of dietary assessment, such as 24-h recall, dietary
assessment interviews or Food Frequency Questionnaire. Differ-
ent studies split dietary intake into different fractions – either
thirds, quarters or fifths. Different studies also used different
units of measurement. However, we only collected the data
based on the highest vs lowest level of intake, and did not
make further dose–response analysis or a standard for dietary
measurement in future nutritional studies. Second, although we
used the data based on the maximum-adjusted RR for risk of
type 2 diabetes, not all authors of the original studies made the
same adjustments, in addition, residual or unknown confound-
ing cannot be ruled out. Third, the possibility of publication
bias is of a concern. Although there was no evidence of sub-
stantial publication bias by using funnel plots and Egger’s
regression test, it is noteworthy that there were more female
cohorts than male cohorts in the original study populations
included in our meta-analysis. Further studies in male cohorts
are required in future.

In conclusion, findings from the current meta-analysis sug-
gest that a higher intake of fruit, especially berries, as well as
green leafy vegetables, yellow vegetables, cruciferous vegetables
or their fiber is associated with a lower risk of type 2 diabetes.
These results support recommendations on increasing con-
sumption of fruit and vegetables for the primary prevention of
many chronic diseases, including type 2 diabetes. However,
large randomized controlled trials are required to confirm these
findings, and further studies are required to explore potential
mechanisms underlying the observed associations.
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