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Abstract Association between fruit intake and risk of
type 2 diabetes is inconsistent. In this study, we performed
a meta-analysis of all prospective cohort studies to clarify
the association between fruit intake and risk of type 2
diabetes. Relevant studies were identified by searches of
the PubMed and Embase databases up to November 2013.
The summary relative risks of association were obtained
using a fixed- or random-effects model. A total of nine
prospective studies (403,259 participants, including 27,940
with incident type 2 diabetes) from seven publications were
included in the meta-analysis of fruit intake and risk of type
2 diabetes. We found that individuals in the highest
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category of fruit intake had a reduced risk of type 2 dia-
betes (relative risk 0.92, 95 % confidence interval
0.86-0.97, p = 0.003) compared to those in the lowest
category, with moderate evidence of between-study heter-
ogeneity (I = 37.6 %, p = 0.12). There was an evident
non-linear association of fruit intake with type 2 diabetes
(P for nonlinearity <0.001). A non-linear threshold of
200 g/day of fruit intake was identified and the risk of type
2 diabetes reduced by about 13 % at this cut-off. Our
findings are consistent with diet recommendations to con-
sume about 200 g/day of fruits to prevent type 2 diabetes.
Keywords Fruit - Type 2 diabetes - Meta-analysis
Abbreviations

CI  Confidence interval

HR Hazard ratio

RR Relative risk

Introduction

Type 2 diabetes is one of the most common chronic dis-
eases worldwide, which is expected to increase to at least
366 million by 2030 [1]. Since type 2 diabetes is one of the
main causes of morbidity and premature mortality, the
prevention of this disease should be an important public
health priority. Results from lifestyle intervention trials
have shown dietary modifications as an effective strategy
in the prevention of type 2 diabetes [2]. However, the
contributions of various foods to the development of type 2
diabetes are not clear.

As is known, fruits contain antioxidants, fibers, vitamins,
minerals, and other unidentified phytochemicals that may
have beneficial effects on health. Higher intake of fruit has
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been associated with a reduced risk of several chronic dis-
eases including coronary heart disease [3], stroke [4], and
various cancers [5, 6]. To date, several prospective cohort
studies have investigated the association between fruit intake
and incidence of type 2 diabetes. However, the results are not
entirely consistent [7-13]. Two previous meta-analyses
suggested that higher intake of fruit was not associated with
incident type 2 diabetes [14, 15]. This result is somewhat
unexpected given the beneficial effect of fruit intake on
several other chronic diseases [3—6]. However, it should be
noted that the two meta-analyses mentioned above were
based on a limited number of studies [7—10], and the majority
of included studies had short follow-up duration (<10 years)
[7, 8, 10]. A recent meta-analysis by Cooper et al. [11]
involved six studies and the authors did not find any asso-
ciation between fruit intake and type 2 diabetes risk although
there was an inverse association in population with longer
follow-up (>10 years). Since publication of the three meta-
analyses, results from four new prospective studies have
become available [12, 13] which will contribute to greater
statistical power for an updated meta-analysis.

Thus, in this study, we propose to conduct a systematic
review and an updated meta-analysis to clarify the asso-
ciation of fruit intake with incidence of type 2 diabetes.

Materials and methods
Literature and search strategy

The Meta-analysis of Observational Studies in Epidemi-
ology (MOOSE) guidelines were followed for the current
study [16]. The literature databases including PubMed and
Embase were searched. Search terms were “fruit” and
“type 2 diabetes” or “T2DM”. The reference lists of
retrieved articles were also screened. The literature search
was limited to the English language. If more than one
article was published on the same cohort, only the study
with the largest sample size was included. The literature
search was updated on November 4, 2013.

Inclusion criteria and data extraction

Studies included in the meta-analysis met the following
inclusion criteria: (1) evaluation of the association between
fruit intake and incidence of type 2 diabetes, (2) a pro-
spective study design; and (3) covariate adjusted relative
risks (RRs) or hazard ratios (HRs) with 95 % confidence
intervals (CIs) for highest versus lowest category of fruit.
Studies on association between fruit juice or dried fruit and
type 2 diabetes were excluded. The following information
was extracted from each study: (1) name of the first author;
(2) year of publication; (3) country of study; (4) number of

incident cases and study population; (5) age distribution of
the study population at baseline; (6) sex of the participants;
(7) average duration of follow-up; (8) the covariates
included in the regression models; and (9) RRs or HRs with
95 % CIs for highest versus lowest category of fruit. Two
investigators (SL and ZL) independently assessed the
articles for compliance with the inclusion/exclusion criteria
and resolved disagreements through discussion.

The quality of each study was assessed by the New-
castle—Ottawa quality scale (NOS) [17], which is a vali-
dated scale for non-randomized studies in meta-analyses.
This scale assigned a maximum of nine points for each
study. Three broad perspectives were considered: the
selection of the cohorts (4 points); the comparability of
cohorts (2 points); and the ascertainment of the exposure
and outcome of interest (3 points).

Statistical analysis

Fixed [18] or random [19] effects model, based on whether
there was heterogeneity between studies, was used to cal-
culate pooled RRs with 95 % ClIs for highest versus lowest
category of fruit. Heterogeneity was assessed by the Q test
and the I statistic [20]. The significance for the Q test was
defined as p < 0.10. The I* statistic represents the amount
of total variation attributed to heterogeneity. Low, mod-
erate, and high degrees of heterogeneity correspond to I*
values of 25, 50, and 75 %, respectively.

For the dose-response analysis, the generalized least
square for trend estimation (GLST) method reported by
Greenland et al. [21] and Orsini et al. [22] was used to
calculate study-specific slopes (linear trends) and 95 % Cls
based on the results across categories of fruit intake. The
method requires the amount of fruit intake, distributions of
cases and person years, and RRs or HRs with 95 % CIs for
at least three exposure categories. The median or mean
level of fruit intake in each category was assigned to the
corresponding RR or HR with 95 % CI for each study.
When fruit intake was reported by ranges of intakes, the
midpoint of the range was used. When the highest category
was open-ended, we assumed the width of the category to
be the same as the adjacent category. When the lowest
category was open-ended, we set the lower boundary to
zero [23, 24]. If studies reported intakes as frequency, we
used 100 g as a serving size for recalculation of the intake
to a common scale (g/day) [25]. A two-stage GLST model
was used to synthesize the study-specific linear component
and the non-linear fractional polynomials component gen-
erated by the restricted cubic spline model. The potential
nonlinearity was to test whether the coefficient of the
fractional polynomials component is equal to zero [26].

Sensitivity analysis was performed to assess the stability
of the results. Publication bias was assessed by Egger’s test
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| Potentially relevant articles identified from PubMed and Embase (n=3615) |

| Excluded on basis of title and abstract (n=3567) |

A

| Retrieved for eligibility (n=48) |

Excluded (n=35)

Dietary patterns (n=25)

Insufficient data for fruit intake (n=1)
Cross-sectional studies (n=9)

v

Evaluated in detail (n=13)

Excluded (n=6)
+——| Duplicate publication (n=5) [23-27]
Data on fruit and vegetable intake combined (n=1) [28]

v

9 prospective studies from 7 articles were included in the meta-analysis

Fig. 1 Process of study selection

[27] (p < 0.05 was considered statistically significant).
Statistical analysis was conducted using STATA version 11
(StataCorp LP, College Station, TX, USA).

Results
Study characteristics

Figure 1 shows the process of study selection for the meta-
analyses of fruit intake and risk of incident type 2 diabetes.
A total of nine studies from seven publications were
included in the meta-analysis. In the publication by Muraki
et al. [13], results were reported for the three studies: the
Nurses’ Health Study, the Nurses’ Health II Study, and the
Health Professionals Follow-up Study, and treated as three
separate studies in the current analysis. The characteristics
of the studies included in the meta-analyses are summa-
rized in Table 1. Five studies were from the USA, two
studies from Europe, and two studies from East Asia; the
duration of follow-up ranged from 4.6 to 25 years.

Meta-analysis of fruit intake and risk of developing
type 2 diabetes

Highest versus lowest

A total of 403,259 participants, including 27,940 with inci-
dent type 2 diabetes were included in the meta-analysis. The

@ Springer

pooled result suggested that individuals with a higher intake
of fruit had a lower risk of developing type 2 diabetes (highest
vs. lowest level: RR = 0.92,95 % CI 0.86-0.97, p = 0.003,
Fig. 2), with moderate evidence of between-study heteroge-
neity (> = 37.6 %, p = 0.12). The association was signifi-
cant with and without adjustment for BMI (Table 2).

In subgroup analyses (Table 2), the association was sig-
nificant in women only (RR = 0.92, 95 % CI 0.86-0.99,
p = 0.03), studies with follow-up longer than 10 years
(RR = 0.86, 95 % CI 0.79-0.93, p < 0.001), and studies
with high quality (RR =0.87, 95 % CI 0.81-0.94,
p = 0.001). However, there was no significant association
in men (RR = 0.97, 95 % CI 0.83-1.14, p = 0.75), studies
with short duration of follow-up (RR = 0.98, 95 %
CI 0.90-1.07, p = 0.65), and studies with relatively low
quality (RR = 0.98, 95 % CI 0.89-1.08, p = 0.68).

Dose—response analysis

There was an evident non-linear association of fruit intake
with type 2 diabetes (P for nonlinearity < 0.001, Fig. 3). A
non-linear threshold of 200 g/day fruit intake was identi-
fied and the risk of type 2 diabetes reduced by about 13 %
at this cut-off (Fig. 3).

Sensitivity analysis

To examine the stability of the observed significant asso-
ciation, we performed sensitivity analyses after excluding
the study by Cooper et al. [11] with the largest number of
individuals with type 2 diabetes and the study by Montonen
et al. [9] with the smallest number of individuals with type
2 diabetes. The pooled RRs and 95 % Cls for the remaining
studies were 0.92 (0.86-0.98, p =0.01) and 0.93
(0.87-0.98, p = 0.01), respectively.

Potential publication bias

No publication bias was detected (p = 0.47 for Egger’s
test).

Discussion

Based on the present meta-analysis, individuals in the top
category of fruit intake had an 8 % lower risk of incident of
type 2 diabetes compared to those in the bottom category.
Previous epidemiological studies have reported inconsis-
tent findings for an association between fruit intake and
risk of developing type 2 diabetes [7—13]. Two previous
independent meta-analyses showed no association between
fruit intake and risk of incident type 2 diabetes [14, 15]. It
should be noted that compared with our current updated
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Study %
D RR (95% Cl) Weight
Meyer, 2000 ——— 1.14 (0.93, 1.39) 8.73

Liu, 2004 0.97 (0.81,1.16) 10.94

2005 : 0.69 (0.51,0.92) 4.05

Villegas, 2008 0.94 (0.76, 1.16) 7.89

Cooper, 2012 —hi—— 0.89(0.76, 1.04) 14.34

Kurotani, 2013 —%—0— 0.98(0.78,1.22) 7.09
—

Muraki, 2013 (NHS) 0.82(0.72,0.92) 23.47
Muraki, 2013 (NHS I1)
Muraki, 2013 (HPFS)

Overall (l-squared = 37.6%, p = 0.118) @
i

0.92(0.78,1.08) 13.32
0.99(0.82,1.19) 10.17
0.92 (0.86, 0.97) 100.00

T T
51 1 1.96

Fig. 2 Meta-analysis of fruit intake and risk of type 2 diabetes
(highest vs. lowest)

meta-analysis, several limitations exist in both previous
meta-analyses. First, both meta-analyses were based on a
limited number of studies. That is, the first meta-analysis
included four studies [7-9, 28] and the second one included
five studies [7-10, 29]. However, the current meta-analysis
includes nine studies [7-13]. Second, the majority of
studies included in both previous meta-analyses had short
duration of follow-up (<10 years). However, nearly half of
the studies included in the current meta-analysis had
greater than 10 years of follow-up (long duration). Third,
significant between-study heterogeneity existed in both
previous meta-analyses, with p for heterogeneity being
0.009 and 0.07, respectively. However, nine studies
included in the current meta-analysis were homogeneous
(p = 0.16). Thus, based on this evidence, it is not sur-
prising that a protective effect was observed in the present
study with sufficient sample size for fruit intake on risk of
developing type 2 diabetes, while previous meta-analyses

1.10

Best fitting fractional polynomial
= 05% confidential interval /

1.05

1.00

0.95

Relative Risk

0.90

0.85

0.80 1

T T T T T T T T T
50 100 150 200 250 300 350 400 450 500
Fruit Intake (g/day)

o4

Fig. 3 Non-linear dose-response analysis of association between
fruit intake and risk of type 2 diabetes

did not. The two previous meta-analyses obtained a risk
reduction of type 2 diabetes with increasing fruit intake
ranging between 7 and 10 %. The present meta-analysis
reported an estimate of reduced risk of 8 %, not being
different from that of the two previous meta-analyses.
However, the risk reduction of type 2 diabetes was small
and lower than that obtained with healthy dietary patterns
having reduction of type 2 diabetes ranging from 15 to
83 % [30-32].

Several biological mechanisms might explain the inverse
association between fruit intake and risk of type 2 diabetes.
First, the inverse association may be mediated through
weight gain or obesity which is an established risk factor for
type 2 diabetes. Fruits are low in energy, but high in fiber,
which would promote the feeling of fullness and prevent
over consumption of energy-dense foods; potentially,

Table 2 Subgroup analyses examining the association of fruit intake with risk of type 2 diabetes (highest vs. lowest)

No. of studies No. of RR (95 % CI) p for z test P (%) p for
cases/participants heterogeneity

Sex

Men 3,217/57,442 0.97 (0.83-1.14) 0.750 0.0 0.766

Women 13,528/316,574 0.92 (0.86-0.99) 0.032 41.8 0.127

Men and women combined 2 11,195/29,243 0.84 (0.73-0.97) 0.015 552 0.135
Duration of follow-up

<10 years 6 7,700/271,738 0.98 (0.90-1.07) 0.654 0.0 0.684

>10 years 20,240/131,521 0.86 (0.79-0.93) <0.001 412 0.165
Adjustment for BMI

Yes 9 27,557/398,955 0.93 (0.87-0.98) 0.013 14.3 0.314

No 1 383/4,304 0.69 (0.51-0.93) 0.014 - -
Study quality

6 4 6,804/223,301 0.98 (0.89-1.08) 0.684 0.0 0.405

>7 6 21,136/179,958 0.87 (0.81-0.94) 0.001 22.5 0.264
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resulting in weight loss [33]. It should be noted that
adjustment for BMI would be an over correction. However,
results of studies included in the current meta-analysis that
were adjusted for BMI did not change the significantly
inverse association between fruit intake and risk of type 2
diabetes (Table 2). Second, fruits are rich in polyphenols,
such as flavonoids and antioxidant compounds including
carotenoids, vitamin C and E. These compounds may
decrease risk of type 2 diabetes by mitigating the oxidative
stress that interferes with the glucose uptake by cells [34].
Intake of antioxidants has reportedly improved endothelial
function in individuals with non-obese type 2 diabetes [35]
as well as lowered the risk of incident type 2 diabetes [14].
Third, fruits are rich in fiber, which has also been related to
improved insulin sensitivity [36]. In addition, fiber from
fruits may delay the absorption of carbohydrates and then
inhibit the postprandial glucose load [9].

Our study has several strengths, including the prospective
study design, large sample size, long follow-up duration, and
relatively precise RRs (95 % Cls) adjusted for potential
confounders in the studies included in the current meta-
analysis. However, several limitations should be considered.
First, although most known confounding factors have been
controlled for, residual confounding or confounding from
unmeasured factors cannot be ruled out. Second, the
majority of included studies assessed dietary intake data at
baseline, but change in dietary intake pattern over time was
not considered. However, the non-differential misclassifi-
cation tends to attenuate the observed association toward the
null. In other words, the inverse association between fruit
and risk of type 2 diabetes may potentially be stronger than
reported presently. Third, although several studies included
in the meta-analysis used validated self-reported method to
identify type 2 diabetes, the potential misclassification of
individuals with undiagnosed type 2 diabetes may also have
attenuated our findings.

In conclusions, findings from the current meta-analysis
support dietary recommendations to consume about 200 g/
day of fruits to prevent the development of type 2 diabetes.
However, large randomized controlled trials are warranted
to confirm the observed study finding.

Conflict of interest None
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