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ABSTRACT

No previous investigation has summarized findings from prospective cohort studies on the association between dietary intake of fiber, fruit, and
vegetables and risk of inflammatory bowel disease (IBD). Dietary fiber and its major sources can influence the risk of IBD by modulation of the
gut microbiota. This study summarizes findings from published cohort studies on the association between dietary fiber, fruit, and vegetable
consumption and risk of IBD. Relevant articles published up to January 2019 were searched via PubMed, MEDLINE, Scopus, Embase, Cochrane
Library, and Google Scholar. All prospective cohort studies investigating the association between dietary fiber, fruit, and vegetable intake and risk
of IBD were included. Combining 7 effect sizes from 6 studies, no significant association was found between dietary intake of fiber and risk of
ulcerative colitis (UC) (RR: 1.09; 95% CI: 0.88, 1.34). However, a significant inverse association was found between dietary fiber intake and risk of
Crohn disease (CD) (RR: 0.59; 95% CI: 0.46, 0.74), based on 5 studies with 6 effect sizes. Pooling information from 4 studies, we found a significant
protective association between dietary intake of fruit and risk of UC (RR: 0.69; 95% CI: 0.55, 0.86) and CD (RR: 0.47; 95% CI: 0.38, 0.58). We also found
a significant inverse association between vegetable consumption and risk of UC (RR: 0.56; 95% CI: 0.48, 0.66) and CD (RR: 0.52; 95% CI: 0.46, 0.59). In
conclusion, dietary intake of fruit and vegetables was inversely associated with risk of IBD and its subtypes. Dietary fiber intake was also inversely
associated with incidence of IBD and CD, but not with UC. Further studies are warranted to examine the association of other fiber-rich foods with
IBD. Adv Nutr 2021;12:735–743.
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Introduction
Inflammatory bowel disease (IBD) is a chronic, relapsing
intestinal inflammatory disorder that occurs in 2 forms,
Crohn disease (CD) and ulcerative colitis (UC) (1). Whereas
UC is limited to the colon, CD can occur anywhere between
the mouth and the anus (2). The prevalence of IBD is
increasing worldwide (3). It is estimated that ∼3 million
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people in European countries and ∼1.5 million people
in the United States are affected (1, 3). Similar to other
gastrointestinal (GI) disorders, IBD is a costly condition,
which imposes a huge economic burden on society and
negatively influences the quality of life (4).

Alterations in the gut microbiota, taking oral contra-
ceptives, living in urban areas, and stressful lifestyle have
been reported to play a role in IBD development; however,
limited information is available about the contribution of
dietary factors in IBD pathogenesis (5). Overall, the role
of dietary fiber intake and high-fiber foods has long been
at the center of several studies focused on GI disorders
(6). In a meta-analysis in 2015, it was concluded that
high dietary fiber intake was significantly associated with a
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reduced risk of IBD (7). However, a prospective study in
children revealed no significant difference in consumption
of dietary fiber between individuals with and without IBD
(8). In addition, findings from the Nurses’ Health Study
demonstrated that neither long-term total fiber intake nor
fiber intake from specific sources was associated with the
risk of UC (9). Besides dietary fiber, fruit and vegetable
consumption has also been extensively examined in relation
to risk of developing chronic diseases (10, 11), but no
conclusive evidence is available about its role in IBD patients.

Fruit and vegetables, which are rich sources of dietary
fiber, micronutrients, and phytochemicals (10), might influ-
ence the risk of IBD by their effects on the gut microbiota.
Although some previous studies demonstrated a significant
inverse association between fruit or vegetable consumption
and the incidence of UC and CD (12), others failed to
find such association. In a study in Japan, no significant
association was observed between consumption of fruit
or vegetables and risk of UC (13). However, a meta-
analysis in 2015 indicated that consumption of fruit and
vegetables was inversely associated with the risk of UC (12).
One possible explanation for the inconsistent findings in
previous studies might be the different pathophysiological
mechanisms of UC and CD development. Previous meta-
analyses on the association between dietary fiber, fruit, and
vegetable consumption and risk of IBD have mainly focused
on findings from case-control studies (7, 12). Therefore,
their conclusions might be misleading due to the inherent
limitations in such a study design. Although several prospec-
tive studies have been conducted on this topic, there is no
meta-analysis summarizing these publications. Therefore, we
conducted this meta-analysis to summarize findings from
earlier prospective cohort studies on the association between
dietary fiber, fruit, and vegetable consumption and risk of
IBD.

Methods
Search strategy
We searched for relevant articles published up to
January 2019 in PubMed, MEDLINE, Scopus, Embase,
Cochrane Library, and Google Scholar using MESH
and non-MESH keywords: ((“Dietary fiber”[tiab] OR
“fiber∗”[tiab] OR “dietary fiber”[MESH] OR “fibre∗”[tiab]
OR “fruit” OR “vegetable” OR “polysaccharides∗”[tiab]
OR “psyllium∗”[tiab] OR “Metamucil∗”[tiab] OR
“polymers∗”[tiab] OR “carbohydrate∗”[tiab] OR
“dietary carbohydrate∗”[tiab] OR “fermentable”
[tiab] OR “fructan∗”[tiab] OR “asteraceae”[tiab] OR
“fructooligosaccharide∗”[tiab] OR “oligofructose∗”[tiab]
OR “inulin”[tiab] OR “lactulose”[tiab] OR “whole
grain∗”[tiab] OR “wholegrain”[tiab] OR “whole
grains”[MESH] OR “whole meal”[tiab] OR “whole
wheat”[tiab] OR “edible grain”[MESH] OR “wheat”[tiab]
OR “rice”[tiab] OR “brown rice”[tiab] OR “maize”[tiab]
OR “oat”[tiab] OR “barley”[tiab] OR “corn”[tiab] OR
“rye”[tiab] OR “millet”[tiab] OR “sorghum”[tiab] OR

“cereals”[tiab] OR “bread”[tiab] OR “sweets”[tiab] OR
“desserts”[tiab] OR “pasta”[tiab] OR “muffin”[tiab] OR
“biscuit”[tiab] OR “pancake”[tiab] OR “waffle”[tiab]) AND
(“Inflammatory bowel disease”[tiab] OR “Inflammatory
bowel diseases”[MESH] OR “Crohn disease”[tiab] OR
“Crohn disease”[MESH] OR “colitis, ulcerative”[MESH]
OR “ulcerative colitis”[tiab] OR “IBD”[tiab] OR “Crohn’s
disease”[tiab])).

We did not perform language or time restrictions. Du-
plicate citations were removed. In addition, we reviewed
the reference list of available original and review studies to
avoid missing any relevant publication. Congress abstracts,
dissertations, and patents were not included in the current
meta-analysis.

Inclusion criteria
All prospective cohort or nested case-control studies that
reported HRs or RRs and 95% CIs for IBD across categories of
dietary fiber, fruit, or vegetable consumption were included.
If several reports were published from the same dataset, we
included the most comprehensive one. In addition, if a study
had reported data for specific subgroups, findings for the
whole population were included.

Exclusion criteria
Studies were excluded if they: 1) were done on animals,
pregnant women, children, or elderly people; 2) had cross-
sectional or case-control designs or were clinical trials;
or 3) had reported data for dietary sources of fiber or
reported the association for dietary fiber intake from specific
sources.

Data extraction
Two independent reviewers extracted the following data
from included studies: first author’s name, publication year,
cohort name, study location, mean age of study participants,
subjects’ gender, study sample size, number of participants
with IBD, follow-up duration, person-years, type of exposure,
methods used to assess exposure, methods used to examine
outcomes, HRs or RRs with 95% CIs for IBD or its
subtypes, and list of confounders controlled for in statistical
analysis.

Assessment of study quality
The methodological quality of the included publications was
examined by 2 independent reviewers using the Newcastle-
Ottawa Scales adapted for cohort studies (14). This scale
assesses the selection of study groups (0–4 stars) and
adequacy of adjustment for confounders (0–2 stars) as well
as ascertainment of outcome of interest (0–3 stars).

Statistical analysis
The overall effect size was calculated using a random-effects
model. When between-studies heterogeneity was low, we
used a fixed-effects model rather than a random-effects
model. To compute the overall effect size, log HRs or RRs
and its SE were calculated based on reported HRs, RRs, and
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FIGURE 1 Flow diagram of study selection.

their 95% CIs. Between-study heterogeneity was examined
using the Cochran Q test and I2 statistic. Subgroup analyses
were used to find probable sources of heterogeneity using a
fixed-effects model. Dose-dependent nonlinear association
between dietary fiber, fruit, and vegetable consumption and
risk of UC and CD was examined using the method proposed
by Greenland and Longnecker (15) and Orsini et al. (16).
Studies that reported RRs across categories of fiber, fruit,
and vegetable consumption (≥3 categories) and those that
reported total population as well as number of patients with
UC or CD in each category met the criteria for dose–response
meta-analysis. The midpoint of consumption category was
considered as the corresponding HR/RR estimate, whereas
the open-ended categories were considered as the same
width as the neighboring categories. The 2-stage random-
effects dose–response meta-analysis was used to explore
nonlinear relations between dietary fiber, fruit, and vegetable
consumption and risk of UC or CD. In this analysis, dietary
intake of each item was modeled using restricted cubic
splines with 3 knots at fixed percentiles of 10%, 50%, and
90% of the distribution (17), which were calculated using
generalized least squares regression, taking into account the
correlation within each set of the HRs/RRs (18). Subse-
quently, the study-specific estimates were combined using
the restricted maximum likelihood method in a multivariate
random-effects meta-analysis (19). We examined the null
hypothesis that considered the coefficient of the second
spline equal to 0. Moreover, a linear dose–response relation
of 10 g/d increment in fiber intake and 1 serving/d increase

in fruit or vegetable consumption with risk of UC or CD
was estimated using the 2-stage generalized least-squares
trend estimation (15, 18, 20). The overall average slope
was calculated using the estimated study-specific slope lines
combined with studies that directly reported the slopes
(20). All statistical analyses were conducted using STATA
version 14.0 software (Stata Corp LLC). P values <0.05 were
considered statistically significant.

Results
Of 1360 publications found in our initial search, 209
articles remained for further investigation after the first stage
assessment based on title and abstract. Evaluation of full texts
in the second stage resulted in 11 cohort or nested case-
control studies. Therefore, these 11 studies, which provided
12 effect sizes, were included in the current systematic
review and meta-analysis (9, 21–30). A flow diagram of study
selection is shown in Figure 1.

Study characteristics
Characteristics of included studies are presented in Table 1.
These studies were published between 1992 and 2018. Six
studies were prospective cohorts (9, 21, 23–25, 27) and the
5 remaining studies were nested case-control studies (22, 26,
28–30). The studies were conducted in Sweden (25, 30), the
United States (9, 21, 23, 24), Australia (29), and Denmark (25,
26). Moreover, 3 studies were done in several neighboring
countries (22, 27, 28). Participants were aged between 10 and
80 y. Most studies enrolled both genders (22–30), whereas
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2 studies were confined to females (9, 21). Duration of follow-
up in prospective studies varied from 6 mo to 26 y. A
total of 478,604 participants were enrolled in the included
studies.

Dietary fiber (9, 21–23, 27, 30), fruit (21, 24–26, 28, 29),
and vegetables (21, 24, 26, 28, 30) were considered as the
exposure in the included studies. Assessment of exposure
was performed using FFQs in some studies (9, 21, 22, 24,
27, 30) and specifically designed questionnaires in others
(23, 25, 26, 28, 29). Detailed information about exposure
assessment tools as well as dietary intake of total energy and
major contributing macronutrients to energy is presented in
Supplemental Table 1.

The exposures of interest were investigated in relation
to the risk of UC (9, 21–30), CD (9, 21–26, 28, 30), and
IBD (both UC and CD) (30) in the included studies. Study
outcomes were assessed through participants’ self-reports
or medical records confirmed by a physician (9, 21, 25),
registry linkage (22, 27), only self-reports (24), or clinical
examinations (28, 29). Moreover, 3 studies did not report
the method of outcome assessment (23, 26, 30). Adjustment
for dietary intake was performed only in 4 studies (21, 22,
26, 30). Quality assessment by the Newcastle-Ottawa scale
showed that all included studies had a quality score ≥3
(Supplemental Table 2).

Findings for the association between dietary fiber
intake and risk of IBD
When we combined 7 effect sizes from 6 prospective cohort
studies, no significant association was found between dietary
fiber intake and risk of UC (RR: 1.09; 95% CI: 0.88, 1.34;
I2 = 0.0%) (Supplemental Figure 1). This finding remained
unchanged in all subgroup analyses (Table 2). In addition,
there was no significant nonlinear (Supplemental Figure 2)
or linear (Supplemental Figure 3) association between
dietary fiber intake and risk of UC (Pnonlinearity = 0.52;
Plinearity = 0.09).

However, pooling 6 effect sizes from 5 studies revealed a
significant inverse association between dietary fiber intake
and risk of CD (RR: 0.59; 95% CI: 0.46, 0.74; I2 = 0.0%)
(Supplemental Figure 4). This was also the case in all
subgroups (Table 3). Moreover, a significant nonlinear
association was found between dietary fiber intake and risk of
CD (Pnonlinearity < 0.001) such that the highest risk reduction
was seen for fiber intake >22 g/d (Supplemental Figure 5).
In the linear association, we found that an additional 10 g/d
of fiber intake was associated with a 14% reduction in CD risk
(Plinearity < 0.001) (Supplemental Figure 6).

When we combined the studies on UC and CD, a
significant inverse association was found between dietary
fiber intake and risk of IBD (RR: 0.83; 95% CI: 0.70,
0.97; I2 = 45.6%) (Supplemental Figure 7). Excluding
studies that did not report the outcome assessment method
did not change our findings (for UC, RR: 0.97; 95%
CI: 0.76, 1.24; and for CD, RR: 0.62; 95% CI: 0.44,
0.86).
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TABLE 2 Subgroup analyses for the association of dietary fiber intake with risk of UC and CD1

Variables Subgroups
Number of
effect sizes Pooled RR (95% CI) I2, %

Risk of UC Age Adult2 3 0.97 (0.74, 1.28) 37.2
Adult + elderly3 4 1.28 (0.91, 1.79) 0.0

Sex Female 2 0.88 (0.65, 1.19) 0.0
Male + female 5 1.34 (0.99, 1.80) 0.0

Study location USA 3 0.97 (0.74, 1.28) 37.2
Other 4 1.28 (0.91, 1.79) 0.0

Sample size n <10,000 4 1.41 (1.00, 1.97) 0.0
n ≥10,000 3 0.92 (0.70, 1.20) 0.0

Study type Cohort 4 1.00 (0.77, 1.28) 10.1
Nested case-control 3 1.34 (0.91, 2.00) 0.0

Age Adult 3 0.58 (0.44, 0.76) 0.0
Adult + elderly 3 0.62 (0.39, 0.98) 0.0

Risk of CD Sex Female 2 0.58 (0.40, 0.83) 0.0
Male + female 4 0.59 (0.43, 0.81) 0.0

Study location USA 3 0.58 (0.44, 0.76) 0.0
Other 3 0.62 (0.39, 0.98) 0.0

Sample size n <10,000 4 0.59 (0.43, 0.81) 0.0
n ≥10,000 2 0.58 (0.40, 0.83) 0.0

Study type Cohort 3 0.58 (0.44, 0.76) 0.0
Nested case-control 3 0.62 (0.39, 0.98) 0.0

1CD, Crohn disease; UC, ulcerative colitis.
2Studies done on people aged 20–65 y.
3Studies done on adults and elderly participants (≥20 y).

Findings for the association between fruit consumption
and risk of IBD
Combining data from 4 studies, we found a significant
inverse association between fruit consumption and risk of
UC; such that those in the highest category of fruit intake
had a 31% lower risk of UC compared with those in the
lowest category (RR: 0.69; 95% CI: 0.55, 0.86; I2 = 87.0%)
(Supplemental Figure 8). When we did subgroup analysis
to find a possible source of heterogeneity, the negative
association disappeared in studies conducted exclusively in
females and in those with a large sample size (for both, RR:
0.94; 95% CI: 0.69, 1.28; I2 = 71.1%) (Table 2). Although an
inverted U-shaped nonlinear association was found between
fruit intake and risk of UC, the association was statistically
nonsignificant (Pnonlinearity = 0.68) (Supplemental Figure 9).
In this analysis, RRs >1.00 were seen for fruit intake

of 1–3 servings/d. No significant linear association was
found between fruit intake and risk of UC (Plinearity = 0.26)
(Supplemental Figure 10).

Pooling effect sizes from 4 studies on CD, we observed
that individuals with the highest fruit consumption had a
lower risk of CD development compared with those with
the lowest intake (RR: 0.47; 95% CI: 0.38, 0.58; I2 = 32.1%)
(Supplemental Figure 11). This association was also sig-
nificant in all subgroups (Table 2). Moreover, a significant
nonlinear association was seen between fruit consump-
tion and risk of CD (Pnonlinearity < 0.001) (Supplemental
Figure 12). Furthermore, an additional 1 serving/d of fruit
was associated with a 19% lower risk of CD (Plinearity < 0.001)
(Supplemental Figure 13).

A significant inverse association was also found between
fruit consumption and risk of IBD based on 4 effect sizes

TABLE 3 Subgroup analyses for the association of dietary fruit intake with risk of UC and CD1

Variables Subgroups
Number of effect

sizes Pooled RR (95% CI) I2, %

Risk of UC Sex Female 2 0.94 (0.69, 1.28) 71.1
Male + female 2 0.46 (0.33, 0.65) 90.3

Sample size n <10,000 2 0.46 (0.33, 0.65) 90.3
n ≥10,000 2 0.94 (0.69, 1.28) 71.1

Risk of CD Sex Female 2 0.59 (0.41, 0.84) 0.0
Male + female 2 0.41 (0.32, 0.54) 43.1

Sample size n <10,000 2 0.41 (0.32, 0.54) 43.1
n ≥10,000 2 0.59 (0.41, 0.84) 0.0

1CD, Crohn disease; UC, ulcerative colitis.
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(RR: 0.56; 95% CI: 0.48, 0.65; I2 = 79.0%) (Supplemental
Figure 14).

Findings for the association between vegetable
consumption and risk of IBD
Pooling data from 3 studies, we found a 44% lower risk of UC
in individuals in the top category of vegetable consumption
compared with those in the bottom category (RR: 0.56;
95% CI: 0.48, 0.66; I2 = 72.0%) (Supplemental Figure 15).
In addition, a significant inverse association was seen
between vegetable consumption and risk of CD based on data
from 3 studies (RR: 0.52; 95% CI: 0.46, 0.59; I2 = 78.9%)
(Supplemental Figure 16). Moreover, combining studies
in UC and CD, we found a significant inverse association
between consumption of vegetables and risk of IBD so that
those with the highest intake of vegetables had a 46% lower
risk of IBD development compared with those with the
lowest intake (RR: 0.54; 95% CI: 0.49, 0.60; I2 = 67.3%)
(Supplemental Figure 17). Due to the limited number of
included studies, we were not able to examine the nonlinear
association between vegetable consumption and the risk of
UC or CD. Based on a linear association, an additional
1 serving/d of vegetables was associated with an 11% reduced
risk of CD (Plinearity < 0.001) (Supplemental Figure 18), but
not UC (Plinearity = 0.11) (Supplemental Figure 19).

Discussion
Our meta-analysis found a significant inverse association
between fruit and vegetable consumption and risk of UC,
CD, and IBD. In addition, a significant inverse association
was found between dietary fiber intake and risk of CD and
IBD. However, there was no significant association between
dietary fiber intake and risk of UC in the current meta-
analysis.

Our findings revealed a significant inverse association
between fruit and vegetable consumption and risk of UC
and CD. These findings were in line with an earlier meta-
analysis of case-control studies in 2015, in which high
intake of fruit was inversely associated with the risk of
UC and CD. Although such a significant association was
also found between vegetable consumption and risk of UC,
it was nonsignificant for CD (12). Subgroup analysis in
that study revealed a significant inverse association between
vegetable intake and risk of CD for studies done in European
countries. It seems that the types of vegetable consumed
are an important factor, because these differ greatly between
countries (31). A systematic review in 2011 showed a
significant inverse association between fruit and vegetable
consumption and risk of UC and CD (32). Only 2 cohort
studies included in the current meta-analysis reported a
significant association between fruit intake and risk of CD
(9, 21). It must be kept in mind that these 2 studies were
done by the same team and that they recruited only women
in their studies. Therefore, further investigations, particularly
on men and combined genders, are required to shed light on
this issue.

We also found a significant inverse association between
dietary fiber intake and risk of CD, but not UC. A meta-
analysis of observational studies in 2015 indicated that
dietary fiber intake was significantly associated with a
reduced risk of CD and UC (7). However, observational
studies with different study designs were combined in that
meta-analysis. In another meta-analysis of observational
studies on the association between dietary fiber intake and
risk of UC, no significant finding was reported (33). Most
included studies in that meta-analysis had a case-control
design. In addition, findings from a systematic review and
meta-analysis showed a lower risk of CD with high dietary
fiber intake (34). It should be noted that stratification
by the study design and adjustment for smoking in that
study influenced the overall findings. Therefore, further
long-term and preferably prospective cohort studies are
needed to confirm our findings. Although subgroup analyses
influenced our overall findings in some cases, the included
number of studies in each subgroup was relatively low to
reach firm conclusions. Furthermore, it should be noted that
UC is limited to the colon, whereas CD can occur anywhere
throughout the GI tract (2). Several effects of dietary fiber on
digestion can also occur in the upper digestive tract, whereas
some dietary fibers are fermented in the distal colon (35).
Therefore, more attention needs to be paid to the impacts of
dietary fiber on the gut environment other than its influence
on the gut microbiota. Moreover, dietary fiber is usually
derived from legumes, whole grains, fruit, or vegetables in
a daily diet (10). Therefore, the other beneficial components
of these foods, which might influence IBD and its subtypes,
must also be taken into consideration.

Although the mechanisms through which dietary fiber,
fruit, and vegetable consumption influence the risk of IBD
are not completely understood, several suggestions have been
made. Dietary fiber and its main sources, including fruit and
vegetables, influence the composition and function of the gut
microbiota to affect immune responses and immunological
homeostasis (36). Insoluble fiber is an effective laxative, and
soluble fiber modulates gut inflammation (37). Fermentation
of specific types of dietary fiber, such as prebiotics, by
the gut microbiota produces SCFAs, which have several
anti-inflammatory properties (38, 39). Furthermore, fer-
mentable oligosaccharides, disaccharides, monosaccharides,
and polyols in fruit and vegetables are also fermented to
produce SCFAs (40, 41). Butyrate, one of the end-products
of intestinal fermentation of dietary fiber, has several anti-
inflammatory properties (42). Butyrate is also thought
to reduce colonic permeability through enhancement of
peroxisome proliferator-activated receptor C activation (36,
43). Intestinal permeability is proposed to be an important
contributing factor in the pathogenesis of IBD (44). Butyrate
is the preferred energy source of colonocytes, promoting
growth and healthy turnover of colonic epithelium (42).
In addition, the anti-inflammatory effect of fruit and veg-
etables has been reported previously (10, 45). Fruit and
vegetables are rich in micronutrients and phytochemicals
(46). The influence of some micronutrients on GI health
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and the role of flavonoids in the maintenance of intercel-
lular tight junctions have been reported in earlier studies
(47, 48).

To our knowledge, this is the first systematic review
and meta-analysis on the association between dietary fiber,
fruit, and vegetable consumption and risk of IBD and
it subtypes. We confined the analysis to prospective co-
hort studies because findings from case-control and cross-
sectional studies are subject to bias. However, the findings
should be interpreted in light of some limitations of the
current study. Available studies did not consider different
sources of dietary fiber and different types of fruit or
vegetables. When we did subgroup analyses, the number of
included studies in each subgroup was not adequate to reach
a firm conclusion. Although total energy intake and major
contributing macronutrients to energy intake are important,
most studies did not report sufficient data on this issue.
Given the use of FFQs for dietary assessment in most studies,
misclassification of participants in terms of dietary intake
should also be taken into account. Moreover, some studies
considered baseline dietary intake of participants as the
main study parameter instead of the average of repeated
assessments of diet intake. Furthermore, dietary intake by
patients with IBD can change by the disease stage. Included
studies did not provide sufficient data about disease severity.
In addition, some studies did not adequately report their
outcome assessment method. Finally, high between-study
heterogeneity was another concern.

In conclusion, in summarizing earlier studies we found
a significant inverse association between fruit and vegetable
consumption and risk of IBD and its subtypes. Dietary
fiber intake was also associated with a reduced risk of IBD
and CD, but not with the risk of UC. Future well-powered
prospective studies and clinical trials are needed to expand
our knowledge in this regard.
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