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Abstract: Inflammatory bowel disease (IBD) is a chronic inflammatory disorder which affects the gastrointestinal tract. Many factors, such as
genetics, stress, and dietary patterns have been related to the risk of this disease. Adherence to a prudent/healthy dietary pattern, due to its
antioxidant and anti-inflammatory properties, help to reduce the risk of many chronic diseases such as IBD. The results from previous studies
regarding the association between dietary patterns and risk of IBD, including Crohn’s disease (CD) and ulcerative colitis (UC), are inconsistent.
This meta-analysis was performed to evaluate the potential relations between dietary patterns and risk of CD and UC. PubMed and Scopus
were searched up to October 2017 for eligible studies. Random-effects or fixed-effects models were used to pool the estimated risks for the
highest versus the lowest category of extracted dietary patterns. A total of six studies, including four case-control and two cohort studies with
1099 cases and 263112 controls/participants were included in the meta-analysis. A decreased risk of CD was seen for the highest compared
with the lowest categories of healthy dietary pattern (OR/RR = 0.39, 95%CI = 0.16–0.62), while no significant association with western dietary
pattern was observed (OR/RR = 0.78, 95% CI: 0.51–1.04). Furthermore, no significant relationship was found between healthy (OR/RR = 0.61,
95%CI = 0.04–1.18, random effects) and western/unhealthy (OR/RR = 0.97, 95% CI: 0.67–1.26) dietary patterns and risk of UC. The results of
the current meta-analysis showed that a healthy dietary pattern is associated with a lower risk of CD. Further studies are warranted to confirm
these findings.
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Introduction

Inflammatory bowel disease (IBD) comprise a group of
heterogeneous disorders affecting the gastrointestinal tract
of which Crohn’s disease (CD) and ulcerative colitis (UC)
are the two main clinical forms, which are characterized
by idiopathic chronic intestinal inflammation [1, 2].
However, extensive efforts have been made to reveal the
etiology and pathogenesis of this disease, but its underlying
molecular mechanisms remains vague [3]. Themost possi-
ble factors involving in theonset andcontinuationof intesti-
nal inflammation in IBDare the individualgenetic tendency
and the influence of the host microbiome [2, 4]. Further-
more, some environmental influences, such as geographic
location, tobacco use, alcohol consumption [5], appendec-
tomy, stress and depression [6], physical activity, and sleep
patterns have been related to the risk of this disease [7].

The IBD incidence is highest in westernized countries,
with the highest reported incidence rates in Northern
Europe, North America, Australia and the United Kingdom
[8]. This shows that thewesternization of lifestyle, in partic-
ular westernization of diet [9], may be related to the inci-
dence of IBD [10]. Traditionally, the relationship between
single nutrients and foods with IBD has been widely stud-
ied. Observational studies have found that consumption
of fruit [11, 12], vegetable [13, 14], whole grain and fish is
associated with reduced risk while higher dietary fat [15],
margarine [16], sugars [17], alcoholic beverage [18], animal
protein, and meat [19] intake are associated with higher
risk, andnutrients, suchas fiber [20], vitaminD[17], antiox-
idant vitamins [21], and dietary anti-inflammatory compo-
nents, such as omega-3 polyunsaturated fatty acids [22]
are associatedwith reduced risk of IBD. Among the compo-
nents of the healthy diet, fruits and vegetables, due to the
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presence of carotenoids, ascorbic acid and alpha toco-
pherol and their anti-inflammatory properties, may reduce
the risk of IBD [23, 24]. Moreover, whole grains and
legumes, due to their fiber and polyphenols, reduce colonic
permeability andproductionofproinflammatory cytokines,
and subsequently decrease the risk of IBD [25]. Figure 1
briefly shows the mechanism which dietary components
affect IBD. Since individuals are exposed to a variety of
foods with complex interactions of nutrients, dietary pat-
terns are more appropriate to evaluate the overall effects
of dietary factors than isolated nutrients or food items
[26, 27]. More recently, a substantial attention has been
drawn to the study of the association between overall
dietary patterns and the risk of IBD. However, the results
are inconsistent and varied considerably. Thus, the present
meta-analysiswas conducted to further clarify the potential
relations between dietary patterns and the risk of Crohn’s
disease and ulcerative colitis.

Materials and methods

Data sources and searches

To find the relevant studies, we systematically searched
Scopus and PubMed databases up to October 2017 to

identify all published observational studies exploring the
relationship between dietary patterns and the risk of inci-
dence of CD or UC. The following search terms were used:
(Dietary patterns OR dietary pattern OR food patterns OR
food pattern OR eating patterns OR dietary habits OR food
habits) AND (Crohn disease OR ulcerative colitis OR IBD
OR inflammatory bowel disease). The searchwas restricted
to search terms located in the title/abstract, and language
was restricted to English. Furthermore, a manual search
of references from eligible studies and review articles was
conducted toobtain relevant studies.Oursystematic review
was performed based on the Meta-analysis of Observa-
tional Studies in Epidemiology (MOOSE) guidelines [28].

Inclusion and exclusion criteria

Pertinent articles were eligible to be included in the present
meta-analysis if the following criteria were met: (a) there
were case–control studies or prospective cohorts studies
that explored the relationship between dietary patterns as
exposure and CD or UC as the main outcome; (b) the
estimated risk (relative risk or odds ratios) and the corre-
sponding 95% confidence interval (CI) was extractable;
and (c) dietary patternswere evaluated by principal compo-
nentanalysis or factor analysis.Dietarypatternsaredefined
by a combination of food groups, and can be different

Figure 1. Function of dietary components in development of IBD.
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somewhat among various studies. To reduce the error and
combine the results accurately, only the dietary patterns,
sharing most foods with same factor loadings were
analyzed. Accordingly, two most common dietary patterns
were obtained from the included studies. The first pattern,
named as a healthy dietary pattern, had a higher loading of
vegetables, fruits, legumes, low-fat dairy products, dietary
fiber, poultry, fish, nuts, and whole-grain foods, and low
in fat dairy, processed food and red meat. The second
pattern was named as unhealthy pattern, which had a
higher loading of red meat and processed meat, refined
grains, sugary desserts, soft drinks, high-fat foods,
processed food, fried food items, snacks, and fast foods,
and lower loading of fruits, vegetables, and dietary fibers.
For meta-analysis, relative risks (RRs) and odds ratios
(ORs) were considered the same and are referred to as
OR estimates. Studies that were focused on single foods
or nutrients were excluded. In addition, experimental
studies, unpublished studies, reviews, editorials, and com-
ments were excluded, but abstracts were included. Identi-
fied articles were independently reviewed by two authors
foreligibilitybasedonpredefinedcriteriaanddiscrepancies
were resolved by discussion with a third reviewer.

Data Extraction and Quality assessment

We collected the following data from each included study,
with the use of a standardized data extraction form: the first
author’s name, the design of the study, year of publication,
country, sex, mean or range of age, the method of dietary
assessment, the method of dietary pattern identification,
sample size of cases and controls, follow-up duration, and
odds ratios (ORs) or relative risks (RRs) with their corre-
sponding 95%confidence intervals (CIs), and confounders
adjusted for in the analysis.Whena study reporteddifferent
adjustment variables, we extracted the results from the
most complete multivariable model that included themax-
imum number of adjusted covariates. Data were extracted
independently by twoauthors, and thediscrepanciesduring
the data extraction were resolved by the involvement of a
third reviewer.Thequalityof eligible articleswascalculated
using the Newcastle–Ottawa scale, which is generally
applied in evaluating the quality of nonrandomized studies
[29]. Concisely, each study was allocated a maximum of 9
stars for items of selection, comparability, and assessment
of outcomes or exposures, and studies were classified as
low quality (0–3), moderate quality (4–6), and high quality
(7–9) in terms of the total scores.

Statistical analysis

The results in the original studies were reported in terms of
tertiles, quartiles or quintiles of adherence to the dietary

patterns. We used multivariable adjusted hazard ratios
and odds ratios with 95% CI from individual studies for a
comparison of the highest versus the lowest category of
extracted dietary patterns (healthy and unhealthy).
Heterogeneity across studies was calculated with the use
of the Q and I2 statistics [30]. Studies with an I2 statistic of
25–50% are known as low heterogeneity, those with an
I2 statistic of 50–75% are as moderate heterogeneity, and
those with an I2 statistic of > 75% are considered to have a
high heterogeneity. When heterogeneity was significant,
the random-effects model was done; Otherwise, the fixed-
effects model was applied [31]. Subgroup analysis was con-
ducted to determine whether differences in study design
(case-control or cohort) affected the study results. Publica-
tion bias was evaluated visually by a funnel plot and
formally using Begg’s test [32, 33]; P <0.05was considered
as significant. All statistical tests for current meta-analysis
were performed using statistical software of STATA
(version 13.0; Stata Corporation, College Station, TX).

Results

Characteristics of included studies

A total of 599 studies were identified by the literature
search. The flow diagram describing the process of screen-
ing and excluded articles with specific reasons is shown in
Figure 2. Among the all excluded studies, 49 were dupli-
cated publications; 492 were not relevant to dietary
patterns and CD or UC risk; 28 were focused on the single
nutrients or foods; ten were reviews; and one used dietary
index method. The primary eligibility process yielded five
studies andcrosscheckof the references of included studies
and other databases yielded one further study [16]. A total
of six studies [16, 34–38] were finally included based on
the inclusion criteria for the association between dietary
patterns and risk of IBD; they included four case-control
studies [16, 34, 35, 38] and two cohort studies [36, 37].
Among these studies, two were from the USA [36, 37], one
from Italy [16], one from Australia [34], one from Canada
[35], and one was a multinational study [38]. All studies
assessed dietary intakes using a food frequency question-
naire. All of six included studies hadmedium-to-high qual-
ity scores, with ranges from 5 to 8 of 9 possible points, and
no study met all requirements for a high-quality study free
of bias. The results in all the studies were adjusted for the
most potential confounders, including age, gender and total
energy intake. The included studies labeled as healthy
pattern were reported originally as “Prudent” [16, 35–37],
“vegetables” [38], and in one study, a healthy pattern was
not investigated [34]. In contrast the unhealthy pattern
included “Fast foods” [34], “western” [35–37], “Refined”
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[16], “Alcohol, Animal Fat, Potatoes, Seafood” [38], and
“SugarandSoftDrinks” [38]dietarypatterns.Table 1 shows
detailed informationabout thestudies included in themeta-
analysis.

Dietary patterns and Crohn’s disease (CD)

There were six studies including four case–control studies
[16, 34, 35, 38] and two prospective cohort study [36, 37]
with 699 cases and 222419 participants/controls concern-
ing dietary patterns and CD risk. In five studies, the associ-
ation between the highest compared to the lowest
adherence to healthy dietary pattern intake and the risk of
CDis shown inFigure3.Whenall studieswerepooled, there
was a strong association between the healthy dietary
pattern and reduced risk of CD (OR/RR = 0.39, 95%

confidence interval (CI) = 0.16, 0.62), with evidence of
heterogeneity (I2 = 67.9%, P = 0.014). In the stratified
analysis by study type, case-control studies also showed a
significant negative association with CD incidence (OR =
0.25, 95%CI = 0.05, 0.45), but prospective cohort studies
revealed no such association (RR = 0.68, 95%CI = 0.18–
1.18). Figure 4 shows the associations between the
“unhealthy”dietarypatternandCDrisk.Thepooled results
indicated that there was no evidence of a difference in the
risk of CD in the highest category compared to the lowest
category of unhealthy dietary pattern (OR/RR = 0.78,
95%CI:0.51, 1.04 (fixed effects)), and amoderate variabil-
ity was detected (P-value for heterogeneity = 0.201, I2 =
31.3%). Similar results were seen in both case-control
(unhealthy pattern, OR = 0.95, 95%CI = 0.50–1.39, P for
heterogeneity = 0.255) and cohort (unhealthy pattern,

Figure 2. The flow diagram describing the process of screening and excluded articles, as a result of searching Scopus and PubMed Central
databases from the beginning until October 2017 in English.
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RR =0.69, 95%CI =0.36–1.02, P for heterogeneity =0.121)
studies in the subgroup analysis.

Dietary patterns and ulcerative colitis (UC)

There were three studies [16, 37, 38], including two case–
control studies [16, 38] and one prospective cohort study
[37] with 400 cases and 40693 participants/controls
concerning dietary patterns and risk of UC. The pooled
results indicated that there was no significant relationship
between the healthy dietary pattern and reduced risk of
UC (OR/RR = 0.61, 95%CI = 0.04, 1.18) with evidence of
high heterogeneity (I2 = 82.8%, P = 0.003). Furthermore,
there was no evidence of a difference in the risk of UC in
the highest category compared with the lowest category of
unhealthy pattern (OR/RR = 0.97, 95% CI: 0.67–1.26).
No considerable heterogeneity was seen between studies
(P-value for heterogeneity = 0.591, I2 = 0%) (Figure 4).
Similar results were found in both case-control and cohort
studies in the subgroup analysis (data not shown).

Publication bias

Funnel plot did not reveal asymmetry for studies that have
investigated the association between dietary patterns and
CD (not shown). Moreover, the corresponding statistical
tests did not show publication bias for healthy pattern

(Begg’s test, P = 0.142) and unhealthy pattern (Begg’s test,
P = 0.091).

Discussion

Compared with investigating single food or nutrient
effects, an assessment of whole diet using dietary patterns
might be a more appropriate method to explore the combi-
natorial effects of dietary factors on health outcomes.
Studying the effect of dietary patterns on CD and UC is an
emerging field; however, the results frompublished studies
are not entirely conclusive. The current meta-analysis was
conducted to comprehensively elucidate these associa-
tions. A total of six studies, involving 1099 cases and
263112 controls/participants, which identified the healthy
and unhealthy dietary patterns as the most common a
posteriori dietary patterns were included in this meta-
analysis. The results indicated that a healthydietary pattern
may reduce the risk of CD,whereas unhealthy-style dietary
pattern was not associated with the risk of CD. Further-
more, the healthy and unhealthy dietary patterns were not
related to the risk of UC.

Thismeta-analysis showed that a healthy dietary pattern
is associated with a decreased risk of CD. This dietary
pattern was described by a higher intake of vegetables
and fruits, legumes, low-fat dairy products, dietary fiber,
poultry, fish, nuts, and whole-grain foods. Amre et al.

Figure 3. Forest plot of the highest compared with the lowest categories of intake of the healthy/prudent dietary patterns and Crohn’s disease
risk.
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reported that high intake of vegetables, fruits, and fiberwas
associated with a reduced risk of CD among Canadian
children [13]. Also, in the study of Halfvarson et al. reduc-
tion in cancer risk with increased fruit consumption was
observed [39]. These results show that the protective effect
of the healthy dietary pattern on the risk of CD might be
linked to its higher content of minerals, vitamins, polyphe-
nols, antioxidants, and dietary fiber [40]. Polyphenols,
some minerals and vitamins, and butyrate derived from
fermentation of fibers in the colon have antioxidant and
anti-inflammatory properties through activation of Nrf-2
and inhibition of NFκB activity, respectively and could
decrease the risk of CD [25, 41, 42]. Carotenoids found in
fruits and vegetables reduce the secretion of proinflamma-
tory cytokines frommacrophages, which play a crucial role

in acute and chronic inflammation in IBD [43]. Moreover,
CD is associatedwith changes in the gutmicrobiota compo-
sition characterized by reducing diversity, increased
proportions of Proteobacteria, and reduced proportion of
Firmicutes and Actinobacteria [44]. A healthy dietary
pattern might also reduce the risk of CD via its effects on
the composition of the intestinal microbiota, promotion of
the epithelial cell resistance to injury and by suppression
of the inflammatory responses to luminal antigens [10].

The unhealthy dietary pattern in included studies was
characterized by high intake of red meat and processed
meat, refined grains, sugary desserts, soft drinks, high-fat
foods, processed food, fried food items, snacks, and fast
foods, was not associated with an increased risk of CD
and UC in our meta-analysis. Although, the present

Figure 4. Forest plot of the highest compared with the lowest categories of intake of the Western/unhealthy dietary patterns and ulcerative colitis
risk (A) and the highest compared with the lowest categories of intake of the Western/unhealthy dietary patterns and Crohn’s disease risk (B).
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meta-analysis did not show any relationship between the
two major dietary patterns (healthy and western) and the
risk of UC, the results need to be interpreted with caution.
For evaluation of investigated patterns, there were limited
published studies. Due to the relatively small sample size,
the findings are not able to come to a firm conclusion.
Moreover, most of the included studies involved only
Europeans and North Americans and data regarding other
ethnicities such as Africans and Asians were not found,
and thus the results of the current study could not be
expanded to all populations. Therefore, additional studies
are necessary to evaluate the effect of healthy and
unhealthy dietary patterns on IBD risk in different ethnici-
ties, particularly in Africans and Asians.

To thebest of our knowledge, thepresent study is the first
meta-analysis on the associations of dietary patterns with
the risk of CD and UC. However, some limitations of our
study need to be discussed. First, due to the limited
available published articles, the number of studies included
in this meta-analysis is relatively small. Second, potential
language bias existed because only articles published in
theEnglish languagewere included.Third,mostof included
studies were adjusted for a wide spectrum of dietary and
lifestyle confounders, however, we could not ignore the
likelihood that other confounders are relevant to the
observed results. Fourth, most included studies were case-
control in term of study design, which are more prone to
selection bias and recall, particularly dietary recall bias,
than a cohort design. Finally, there was substantial hetero-
geneity across studies that investigated healthy dietary pat-
terns and CD and UC risk. This heterogeneity is expected
because the studies included participants who differed by
various characteristics, such as gender and age. However,
given the insufficient data, subgroup analyses were impos-
sible to be performed to find the source of heterogeneity.

In summary, the available data provide evidence of an
inverse association between healthy dietary patterns and
the risk of the CD but this correlation was not seen for
UC. The results of this meta-analysis indicate that dietary
patterns influence the development of CD, and emphasize
the significance of good dietary practices for the prevention
of CD. Overall, the findings of studies support this hypoth-
esis that intake of healthy dietary pattern, rather than
unhealthy dietary pattern, can lower the risk of IBD. Due
to the paucity of the existing data, additional large, well-
designed studies, in particular prospective cohort studies,
are warranted to allow a more definitive conclusion.
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