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ARTICLE INFO  ABSTRACT 
 

Background: The main risk factor for inflammatory bowel disease (IBD) is a positive family 
history of 10-25% of patients. Crohn's disease (CD) can affect individuals aged 15 to 40 years and 
aged 50 to 80 years, more frequently in women. Ulcerative colitis (UC) can start at any age. The 
pathogenesis of IBD is linked to genetically susceptible individuals, deregulated gut microbiota 
(GM) (dysbiosis), chronic inflammation, and poor eating patterns. Diet plays an important role in 
modulating the GM and can be applied as a therapeutic tool to improve the course of the disease. 
Objective: To carry out a systematic review and meta-analysis on the main interactions between 
dietary therapy, gut microbiota, and inflammatory bowel disease, to elucidate the main clinical 
outcomes after nutritional treatment. Methods: This study followed the international model of 
systematic review and meta-analysis (PRISMA). Clinical studies were included, involving 
randomized controlled, prospective, and retrospective studies published from 2010 to 2020. 
Results: It was found 17 randomized controlled clinical studies and other clinical studies on the 
modulation of diet in the control of IBD. These studies showed reductions in persistent bowel 
symptoms, improved gut microbiota, reduced markers of inflammation, and improved quality of 
life, with p<0.05 (95% CI). The studies were homogeneous (I2 = 98.95%), which increases the 
reliability of the clinical results about the dietary importance in the modulation of IBD. 
Conclusion: The important role of diet modulation in the control and even in the remission of 
IBD was evidenced. 
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INTRODUCTION 
 
Inflammatory bowel diseases (IBD) have increased in incidence 
worldwide (1). The main proven risk factor for both IBD is a positive 
family history in 10-25% of patients. Crohn's disease (CD) can affect 
individuals aged 15 to 40 years and aged 50 to 80 years, it has a 
higher percentage in women and has increased around 15 times in 
recent decades. The incidence is around 5:100,000 per year in the US 
and Europe, and the prevalence is around 50:100,000 (1). A study in 
the city of Sao Paulo in Brazil reported a prevalence of 14.8 cases of 
CD per 100,000 inhabitants (2). In relation to ulcerative colitis (UC), 
the disease can start at any age (3). The peak of incidence seems to 
occur between 20 and 40 years of age and many studies show a 
second peak of incidence in the elderly. Most studies show a slight 
predominance of males, although some recent studies have shown the 
opposite (3). Latin America has a low prevalence. The United States, 
United Kingdom, and Australia have a high prevalence (1).  

 
 
There are no Brazilian data on its prevalence or incidence. An 
estimate is suggested in a population study in the state of Sao Paulo, 
which identified an incidence of 3.8 to 6.7 per 100,000 
inhabitants/year in the last two decades (3). The pathogenesis of IBD 
is that genetically susceptible individuals develop intolerance to the 
unregulated gut microbiota (GM) (dysbiosis) and chronic 
inflammation develops as a result of poor dietary triggers (4-6). Thus, 
diet plays an important role in the modulation of the GM and can be 
applied as a therapeutic tool to improve the course of the disease (7). 
Thus, current research in the field of IBD is largely focused on 
establishing the role of causal variants in gene expression (8). Despite 
this, the genetic risk locus identified so far explains only a small part 
of the genetic variation in disease risk and more factors need to be 
taken into account to understand this multifactorial pathology (9). In 
this aspect, the diet participates in the regulation of intestinal 
inflammation, modifying and modulating the GM (10,11). In this 
sense, the evolution of epigenetics offered new explanations about the 
mechanisms by which environmental changes induce the expression 
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of pathological genes and determine the cell phenotype as a function 
of IBD. Furthermore, the evolution and clinical manifestation of IBD 
are related to the interaction between genetic factors, especially 
mutations in the NOD2 (or CARD15) gene, and also three other main 
mutations (R 702W, G908 R, and 1007 frameshift) were described 
and linked to the phenotype of the disease, the intestinal microbiota, 
and mucosal immunoregulation (12-17). In this context, metabolism 
encompasses the interactions between diet, the microbiome, and the 
cellular enzymatic processes that generate the chemical pathways 
necessary to sustain life. Endogenous metabolites and nutrients in the 
diet can directly influence epigenetic enzymes. Epigenetic 
modifications in DNA and histone proteins alter cell fate, controlling 
chromatin accessibility and downstream gene expression patterns 
(18). In addition to the connection between metabolism and 
epigenetic pathways, nutrients can impact the cellular state by 
modulating the activity of the signaling pathway. One example is via 
the mechanistic target signaling pathway of rapamycin (mTOR) and, 
in particular, the mTOR 1 complex (mTORC1), which regulates cell 
growth only when nutrients and growth factors are present. Depletion 
of specific nutrients including arginine, leucine, and S-adenosyl 
methionine prevents growth factor-induced activation of mTORC1 by 
blocking Rag GTPase-mediated mTORC1 recruitment to the 
lysosome where it can be activated by Rheb GTPase (18). 
 
Another way nutrients are detected to impact the cellular state is 
through AMP-activated protein kinase (AMPK), which at low levels 
of cellular ATP phosphorylates substrates to restore the cell's energy 
balance and in the process regulates cell growth and autophagy. 
Furthermore, transcription factors can be directly regulated by 
metabolites such as tryptophan kynurenine (18). Also, dietary 
manipulations and metabolites can affect tissue stem cells and drive 
cell fate decisions, as highlighted in the small intestine by intestinal 
stem cells (ISC). In this case, the enzyme 3-hydroxy-3-
methylglutaryl-CoA synthase (Hmgcs2) is highly expressed. Also, 
sources of ketogenic or glucose-rich diets regulate the balance of self-
renewal by ISC (18). Thus, all these epigenetic and nutritional 
mechanisms are of paramount importance, as around 70.0 to 80.0% of 
patients lose weight with IBD, leading to some degree of nutritional 
impairment, and around 23.0% of patients outpatients and 85.0% of 
those hospitalized with a predominance of malnutrition (19,20). In 
this aspect, diet also plays a decisive role in modulating the 
composition of the microbiome (13) and influencing the 
inflammatory response (17). Thus, a balanced diet with low fat and 
fiber content can be important in preventing dysbiosis and preserving 
the immune system (21). In this sense, GM is fundamental for the 
activation of the immune system, with emphasis on Lactobacillus 
acidophilus, Lactobacillus bulgaricus and Lactobacillus casei, 
increasing IgA to remove antigens through a non-inflammatory 
pathway and increasing T and B lymphocytes. Lactobacilli and 
Bifidobacteria inhibit the growth of exogenous and/or harmful 
bacteria, stimulate immune functions, aid in digestion and/or 
absorption of food ingredients and minerals, and contribute to vitamin 
synthesis (28-30). Also, Faecalibacterium prausnitzii is one of the 
most prevalent intestinal bacterial species in healthy adults, being 
beneficial and producing butyrate (1). The reduction of this bacteria 
in the intestine can contribute to the appearance or worsening of IBD. 
Thus, to increase the numbers of these bacteria, it is necessary to eat 
foods rich in fiber, increase the consumption of fruits, vegetables, 
legumes, whole grains and cereals, seeds, and nuts (1,4).Therefore, 
short-chain fatty acids, such as butyrate, propionate, and acetate, 
serve as a source of energy for intestinal epithelial cells and induce 
protective regulatory immune responses (23). The adaptive immune 
system of the GM is also rapidly activated after exposure to 
commensal bacteria, with an increase in the expression of class II 
molecules of the major histocompatibility complex and an increase in 
T cells (1). T cells can generate subpopulations whose immune 
response is pro-inflammatory or anti-inflammatory. Th1 and Th17 
cells – T helper cells are pro-inflammatory, while Treg cells (with 
CD4+ CD25+ phenotype) and Th2 are anti-inflammatory (8). In this 
sense, the Gram-negative bacterium Bacteroides fragilis induces the 
differentiation of CD4+ T cells into Treg cells, leading to the 
production of anti-inflammatory cytokines such as interleukin-10 (IL-

10) and transforming growth factor-beta (TGFβ) ), canceling the pro-
inflammatory response of Th17 (8). The differentiation of Treg cells 
depends on the recognition by CD4+ T cells of the polysaccharide 
presented by CD. In turn, segmented filamentous bacteria, after 
contact with antigen-presenting cells, have been shown to induce pro-
inflammatory cells, such as Th17 cells (8). Therefore, the present 
study aimed to carry out a systematic review and meta-analysis on the 
main interactions between dietary therapy, GM, and inflammatory 
bowel disease, to elucidate the main clinical outcomes of the disease 
after nutritional treatment, analyzing the main macro and 
micronutrients, the effects of nutritional treatment on 
immunonutrition, enteral nutrition in pediatric Crohn's disease, the 
specific carbohydrate diet, fermentable oligosaccharides, 
disaccharides, monosaccharides, and polyol diet and the 
Mediterranean diet, and the clinical outcomes of the nutritional action 
on the activation of Lgr5+ crypt base cells that act as intestinal stem 
cells in the regeneration process. 
 

METHODS 
 
Study Design: This study followed the international model of 
systematic review and meta-analysis, following the rules of PRISMA 
(preferred reporting items for systematic reviews and meta-analysis) 
(31). Table 1 shows the main variables of the present study that were 
addressed according to the classification of the acronym PICOS 
(P=Patients; I=Intervention; C=Control; O=Outcomes; S=Study 
Design). 
 

Table 1. PICOS framework (Patients; Intervention; Control; 
Outcomes and Study Design) 

 
Patients Patients with inflammatory bowel disease 
Intervention Nutrological treatment 
Control Pharmacological treatment only 
Outcomes Improvement of the inflammatory condition 
Study Design 
 

Randomized Controlled Studies; Prospectives; 
Retrospectives (observational/epidemiological) 

 
Study eligibility criteria: Inclusion criteria were clinical studies, 
involving randomized controlled, prospective, and retrospective 
(observational/epidemiological) studies published from 2010 to 2020 
on the main clinical outcomes of the nutritional treatment of 
inflammatory bowel diseases. The main characteristics of the studies 
analyzed in this meta-analysis included patients of all age groups and 
patients with inflammatory bowel disease, with or without the use of 
drugs, including treatment of biologicals or biosimilars, who received 
adequate nutritional treatment. Exclusion criteria for this study were 
case report studies, editorials, letters to the editor, review studies, and 
meta-analysis. 
 
Figure 1. Example of the search structure in PubMed, the similar 

search strategy was used in other databases 
 

 
PubMed 

Inflammatory bowel disease OR Functional 
Nutrition OR Diet therapy OR Nutrological 
treatment OR Gut microbiota OR Quality of life   

 AND 
 
PubMed 

Randomized controlled trial ORProspective 
studyORRetrospective study 
ORObservational/Epidemiological studies 

 NOT 
 
PubMed 

OR Case reports OR Editorials ORLetters to the 
editor OR Review study OR Meta-analysis 

 
Bias Risk: The quality of scientific evidence in the studied studies 
was classified as high, moderate, low, or very low, according to the 
risk of bias in the body of evidence, clarity of comparisons, precision, 
and consistency in treatment effects, according to the criteria of the 
Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) (32). High quality of evidence was attributed to 
well-designed randomized controlled trials with consistent results. 
The quality of evidence was downgraded to moderate if 1 of the 4 
evidence quality criteria is not met and lower if 2 or more are not met. 

58439                                       Aline Damasceno de Avance et al. Interactions between dietary therapy and gut microbiota in inflammatory bowel disease:  
A systematic review and meta-analysis 

 



Low quality of evidence was attributed to studies with inconclusive 
results. The Cochrane Instrument was adopted to assess the risk of 
bias of the included studies (33). 
 
Data Sources and Research Strategy: The search strategies for this 
systematic review and meta-analysis were based on the keywords 
(MeSH Terms) “Inflammatory bowel disease. Functional Nutrition. 
Dietary therapy. Nutritional treatment. Gut microbiota. Quality of 
life". The survey was conducted in November 2020 and developed in 
the databases of Scopus, Web of Science, PubMed/Medline, Embase, 
Science Direct, Ovid, Lilacs, Scielo, Cochrane Library, and EBSCO, 
including the National Institutes of Health RePORTER database 
Grant and Clinical Trials Records. In addition, a combination of 
keywords with the Boolean “OR”, AND and the operator “NOT” 
were used to target the scientific articles of interest. Title and 
abstracts were examined under all conditions. Figure 1 shows the 
example of the search structure in PubMed. Similar search strategies 
were used in other databases. 
 
Statistical Analysis: For data analysis, a database was built in a 
Microsoft Excel spreadsheet that was exported to the statistical 
program Minitab 18® (version 18, Minitab, LLC, State College, 
Pennsylvania, USA) (Minitab®) and also to OriginPro® 9 (DPR 
Group, Inc., Northampton, Massachusetts, USA) (Moberly, Bernards, 
Waynant, 2018). A common descriptive statistical analysis was 
performed, obtaining the values of total N, mean, standard deviation, 
confidence interval (CI), and percentage (frequency) for all variables. 
The R-sq (I2) value was analyzed to discover the imprecision or 
heterogeneity of the analyses, adopting the codes of low association = 
<25%, medium association 25%<X<50%, and high association 
=>50%. Analyzes followed Pearson's chi-square test, with p<0.05 
with statistical significance of association, with a confidence interval 
(CI) of 95%. Predictive Binary Logistic Regression analysis was also 
applied, adopting a reference group, with p<0.05 with statistical 
significance. 
 

RESULTS 
 
Summary of findings: The total of initial articles was 107. After the 
detailed literary search process and the use of search filters (PICOS) 
and MeSH Terms, as highlighted in Table 1 and Figure 1,  
 

 
 

Figure 2. The selection process of scientific articles 
 

respectively, the present study found seventeen (17) studies, being 11 
randomized controlled clinical studies and 6 prospective studies in the 
last ten years, out of a total of 87 studies evaluated, showing a high 
quality of scientific evidence in the studied studies, with evidence 
level IA, according to the GRADE criteria. Still, the analyzed studies 
showed high homogeneity in the results (high association = >50%), 
presenting 98.95% to the R-sq value (I2). Studies have shown the 
important role of diet modulation in the control and even remission of 
IBD. In this sense, they showed important reductions in persistent 
intestinal symptoms, improved GM, reduced inflammation markers, 
and improved quality of life. Figure 2 represents the flowchart of the 
selection and eligibility process for each study that entered the 
systematic review and meta-analysis. 
 
Major Findings of Clinical Studies of the Last 10 Years - Meta-
Analysis: The description of the results of each study (total of 17) 
followed the order presented in Tables 2 and 3. Most of the studies 
listed in this study followed a randomized and controlled model and 
were homogeneous in terms of symptom reduction, reduction of 
inflammatory bowel syndrome (IBS), improved quality of life (QoL), 
and improved GM, showing the important influence of dietary 
interventions on inflammation and the clinical outcomes of IBD, as 
shown in Tables 2 and 3. Only 4 studies presented the results of 
changes in the GM with dietary interventions (Table 3). Figure 3 
graphically shows the prevalence of symptom reduction (88.24%), 
IBS reduction (88.24%), QoL improvement (88.24%), and GUT 
improvement (80%), showing an important influence of dietary 
interventions in the clinical outcomes of IBD. This Figure also shows 
the values of the mean and standard deviation to values from zero (0) 
to one (1), to express in decimal places that all mean values 
approximate the value of one (1). Table 4 shows the correlation 
between the Reduction of Symptoms vs. Improvement of QoL by the 
Chi-Square method (X2). It is possible to observe the differences 
between the observed and expected data, analyzing which variables 
showed the greatest differences, which may indicate dependence or 
association between them. Furthermore, it is possible to compare the 
contributions to the Chi-Square statistics (Pearson and Likelihood 
Ratio) to analyze which variables had the highest values. As a result, 
there was an important dependence between the Reduction of 
Symptoms (1) vs. Improvement of QoL (1), with contributions to the 
Chi-Square of 14,336, and with Pearson's test equal to 17,000 and 
Likelihood Ratio (likelihood) equal to 12,315, with p=0.019<0.05. 
Still, the results obtained to the correlation between the variables 
Reduction SII vs. QoL increase by the Chi-Square method (X2) are 
identical to those presented in Table 4. Table 5 shows the correlation 
between the Reduction of Symptoms vs. Improvement of GM 
(Improvement_MI) by the Chi-Square method (X2). As a result, there 
was an important dependence between the Reduction of Symptoms 
(1) vs. Improvement_GM (1), with contributions to the Chi-Square of 
19.0627 and with Pearson's test equal to 21,000 and Likelihood Ratio 
(likelihood) equal to 18.415, with p=0.011<0.05. Still, the results 
obtained to the correlation between the variables Reduction IBS vs. 
Improvement_GM by the Chi-Square method (X2) are identical to 
those presented in Table 5. In Figure 4, through the predictive binary 
logistic regression analysis, it was observed that as the Reduction of 
Symptoms increases (from 0 to 1), there is also an increase in quality 
of life (Improvement of QoL), from 0 a 1, with p=0.02<0.05 in the 
95% CI. Still, the results obtained to the regression analysis between 
the variables Reduction IBS vs. Improvement of QoL are identical to 
the one shown in this Figure. In Figure 5, it was observed that as the 
Reduction of Symptoms increases (from 0 to 1), there is also an 
increase in the Improvement of GM (Improvement_GM), from 0 to 1, 
with p=0.01< 0.05 at 95% CI. Still, the results obtained from the 
regression analysis between the variables Reduction IBS vs. 
Improvement_GM are identical to the one shown in this Figure. 
 

DISCUSSION 
 
The present study found important randomized controlled clinical 
studies and other clinical studies in the last ten years that showed the 
important role of diet modulation in the control of IBD (34-50). 
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Table 2. Major characteristics and general results of clinical studies in the last ten years that showed the important nutritional role of 
diet in the control and/or remission of IBD 

 
 

*RCT - randomized controlled trial.  ** FODMAP -Fermentable Oligo-, Di-, Mono-saccharides, and Polyols *** Individualized food-based diet (CD-TREAT), 
with similar composition to EEN ****CD exclusion diet (CDED), partial enteral nutrition (PEN) 

AUTHORS / 
DATA 

TYPE OF 
STUDY 

N IBD DIET MAJOR RESULTS 
(Improvement) 

FOLLOW 
 UP 
(months) 

Cox et al.2020 
[34] 

RCT* 52 CD/ 
UC 

       FODMAP** - Persistent bowel symptoms 
- Gut microbiota 
- Circulating inflammation markers 

1  

Cox et al.2017 
[35] 

RCT 29 CD/UC        FODMAP - Persistent bowel symptoms 
- Gut microbiota 
- Circulating inflammation markers 

1 

Pedersen et al. 
2017 [36] 

RCT 89 CD/UC        FODMAP - Persistent bowel symptoms 
- Gut microbiota 
- Circulating inflammation markers 

1.5  

Bodini et al. 
2019 [37] 

RCT 55 CD/UC        FODMAP - Persistent bowel symptoms 
- Gut microbiota 
- Circulating inflammation markers 

1.5 

Papada et al. 
2019 [38] 

RCT 68 CD/UC Mastiha 
(2.8g/day) 

- Increased serum IL-6, fecal calprotectin and 
fecal lactoferrin in the placebo group 
- Attenuation in the increase of free amino acids 
levels in the Mastiha group 

6  

Jian et al., 
2018 [39] 

Prospective 
controlled 

97 UC immunoglobulin G (IgG) guided 
exclusion diet 

- Extraintestinal manifestations decreased from 
7 to 2 in the intervention group 
- Higher mean body mass index and albumin in 
the intervention group 

6  

Albenberg et 
al. 2019 [40] 

RCT 214 CD  
 
     Red meat 

Moderate to severe relapse occurred in 62% of 
participants in the group with higher meat 
consumption and 42% of participants in the low 
consumption group. 

20  

Svolos et 
al.,2018 [41] 

RCT 25 CD NEE vs. CD-TREAT*** In children who received CD-TREAT, 4 (80%) 
had a clinical response and 3 (60%) went into 
remission, with concurrent significant 
reductions in fecal calprotectin 

2 

Levine et al. 
2019 [42] 

Prospective 
controlled 

74 CD NEE vs.  CDED plus PEN**** Children who received CDED plus PEN, 
corticosteroid-free remission was associated 
with sustained reductions in inflammation, 
based on serum C-reactive protein level, fecal 
calprotectin level and fecal Proteobacteria 

3 

Racine et al. 
2016 [43] 

Prospective 
controlled 

256 (UC) 
117 (CD) 
4(controle por 
caso) 

CD/ 
UC 

High sugar content and soft 
drinks reduction of vegetables 

Sugar and soft drink consumers were at greater 
risk of UC if they had low vegetable 
consumption 

 
24 

Braly et al., 
2017 [44] 

Prospective 
controlled 

8 CD/UC  
 
Specific carbohydrates 
 

Six of the 8 subjects gained weight, 1 subject 
lost weight and 1 did not change weight. 
Energy intake was significantly greater than 
100% of the recommended daily intake 
(RDI)/adequate intake for 64% of completed 
daily intakes 

3  

Machado et 
al., 2015 [45] 

Prospective 
controlled 

68 CD Whey and Soy Proteins Supplementation with whey and soy proteins 
alters body composition by reducing body fat 
and contributing to inflammation control 

4  

Brotherton et 
al., 2014 [46] 

RCT 7 CD Cereal fibers (wheat) It did not cause adverse effects, and participants 
reported improvements in health-related quality 
of life (p=0.028) and gastrointestinal function 
(p=0.008) compared to the control group. 

1  

Sökülmez et 
al., 2014 [47] 

RCT 38 CD/UC Regulated hospital diets 
(macronutrients and fiber) 

Consumption levels of macronutrients and 
water-soluble fiber improved persistent bowel 
symptoms with statistical significance 

1  

Kyaw et al., 
2014 [48] 

RCT 112 UC Dietary guidelines in the form of 
an educational booklet that has 
been recommended for use for 4-
6 weeks during the disease 
outbreak, that patients eat 
sparingly and frequently (four to 
six times a day), drink adequate 
fluids, decrease excessive fat 
intake, decrease in simple 
carbohydrates and decrease in 
fiber-rich foods during the crisis. 

- There was a mean increase in the 
Inflammatory Bowel Disease Questionnaire 
score in the intervention group compared to a 
decrease in score in the control group. 
- A total of 69% of patients in the intervention 
group found dietary advice significantly helpful 

6  

Hanai et al., 
2012 [49] 

RCT 95 CD Elemental (≥900 kcal/day) and 6-
mercaptopurine 

- No significant differences were found between 
6-mercaptopurine and Elental. 
- In the 6-mercaptopurine group, 2 patients had 
liver damage and one developed alopecia. 
-Elental should be useful for long-term 
maintenance therapy in Crohn's disease 

24  

Kang et al., 
2015 [50] 

Prospective 
controlled 

78 CD Short-term PEN (n=17) 
(1 month) 

- Nutritional status improved substantially after 
1 year of treatment in the severe CD group. 
- The <13 years group showed better 
improvement in nutritional status than the ≥13 
years group 

12  
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Table 3. The main outcomes of each study were listed as reduction of symptoms, reduction of inflammatory bowel syndrome (IBS), 
improvement of quality of life (QoL), and improvement of gut microbiota. Most studies presented p<0.001 to the control group of each 

study, that is, they presented a statistically significant difference 
 

Authors /Data Reduction of 
symptoms* 

IBS reduction Improvement of QoL Improvement of gut Microbiota 

Cox et al.2020 (34) 1 1 1 1 
Cox et al.2017 (35) 1 1 1 **(-) 
Pedersen et al. 2017 (36) 1 1 1 (-) 
Bodini et al. 2019 (37) 1 1 1 (-) 
Papada et al. 2019 (38) 0 0 0 (-) 
Jian et al., 2018 (39) 1 1 1 (-) 
Albenberg et al. 2019 (40) 1 1 1 (-) 
Svolos et al.,2018 (41) 1 1 1 1 
Levine et al. 2019 (42) 1 1 1 1 
Racine et al. 2016 (43) 0 0 0 0 
Braly et al., 2017 (44) 1 1 1 1 
Machado et al., 2015 (45) 1 1 1 (-) 
Brotherton et al., 2014 (46) 1 1 1 (-) 
Sökülmez et al., 2014 (47) 1 1 1 (-) 
Kyaw et al., 2014 (48) 1 1 1 (-) 
Hanai et al., 2012 (49) 1 1 1 (-) 
Kang et al., 2015 (50) 1 1 1 (-) 

            *Code 1 means “yes” answer and code 0 means “no” answer in terms of statistical denotation. **(-) not informed in the studies. 
 

 
 

Table 4. Shows the correlation between the Reduction of Symptoms vs. Improvement of QoL by the Chi-Square method (X2). It is 
possible to observe the differences between the observed and expected data, analyzing which variables showed the greatest differences, 
which may indicate dependence or association between them. Furthermore, it is possible to compare the contributions to the Chi-
Square statistics (Pearson and Likelihood Ratio) to analyze which variables had the highest values. As a result, there was an important 
dependence between the Reduction of Symptoms (1) vs. Improvement of QoL (1), with contributions to the Chi-Square of 14,336, and 
with Pearson's test equal to 17,000 and Likelihood Ratio (likelihood) equal to 12,315, with p=0.019<0.05. Still, the results obtained to the 
correlation between the variables Reduction SII vs. QoL increase by the Chi-Square method (X2) are identical to those presented in 
Table 4. 
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In this sense, these studies showed important reductions in persistent 
intestinal symptoms, improvement in GM, reduction in circulating 
markers of inflammation, and improvement in quality of life. In this 
study, the results of the meta-analysis showed that there was a 
prevalence of symptom reduction (88.24%), IBS reduction (88.24%), 
QoL improvement (88.24%), and GM improvement (80 %), showing 
an important influence of dietary interventions. Added to this, the 
Chi-Square method (X2, Pearson and Likelihood Ratio) showed an 
important association between the variables Reduction of Symptoms 
and Increase QoL, IBS Reduction and Improvement of QoL,  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reduction of Symptoms and Improvement_GM and between IBS 
Reduction  and Improvement_MI, showing significantly, the dietary 
interventions presented in Table 2 can positively impact on the 
reduction of symptoms, reduction of IBS and change in the GM, 
which, together, improve the quality of life of patients with IBD.  In 
this context, these findings were corroborated by the predictive binary 
logistic regression analysis, which showed that as the reduction in 
symptoms increases, there is also an increase in quality of life, with 
p<0.05. The same result was in relation to the regression analysis 
between the reduction in IBS and the increase in quality of life, as 

Table 4. Correlation between the Reduction of Symptoms vs. QoL increase by the Chi-Square method (X2), with p<0.05 with a 
statistically significant association, at 95% CI. Code 1 means “yes” answer, and code 0 means “no” answer in terms of statistical 

denotation 
 

Variables Improvement of QoL (0) Improvement of QoL (1) Total 
Reduction of Symptoms (0) (observed) 2 0 2 
(expected) 0.235 1.765  
Contributed to Chi-square 13.235 1.765  
Reduction of Symptoms (1) (observed) 0 15 15 
(expected) 1.765 0.154  
Contributed to Chi-square 1.765 14.336  
Total 2 15 17 
Chi-Square Test Chi-Square DF p-value 
Pearson 17.000 1 0.019 
Likelihood Ratio 12.315 1 0.019 

 
Table 5. Correlation between the Reduction of Symptoms vs. Improvement_GM by the Chi-Square method (X2), with p<0.05 with a 

statistically significant association, at 95% CI. Code 1 means “yes” answer, and code 0 means “no” answer in terms of statistical 
denotation 

  
Variables Reduction of Symptoms (0) Reduction of Symptoms (1) Total 
     13 
Improvement_GM (0)  
(observed) 

2 11  

(expected) 1.529 11.471  
Contributed to Chi-square 0.14480 0.01931  
Improvement_GM (1)  
 (observed) 

0 4 4 

(expected) 0.471 0.2387  
Contributed to Chi-square 0.47059 19.0627  
Total   17 
 
Chi-Square Test 

Chi-Square 
 

DF 
 

p-value 
 

Pearson 21.000 1 0.011 
Likelihood Ratio 18.415 1 0.011 

 

 
 

 
 

Figure 4. Predictive binary logistic regression analysis 
regarding symptom reduction and QoL improvement, with 

p<0.05 significant 

Figure 5. Predictive binary logistic regression analysis 
regarding symptom reduction and QoL increase, with p<0.05 

significant 
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well as between the reduction in symptoms and the increase in the 
improvement in the GM and between the reduction in IBS and the 
improvement in the GM. In this setting, the history of nutritional 
therapy for IBD began with initial observations in hospitalized adults 
with severe CD who improved with EEN (51-53). Since the initial 
EEN report in the late 1970s, there have been over 200 publications 
on SEN with multiple meta-analyses showing that the use of EEN in 
children with CD is as effective as corticosteroids in inducing 
remission of active inflammation (54 .55). In this context, many 
studies have evaluated the ability of diet to modulate the GM and 
influence epithelial barrier function. Low-fiber diets have been 
associated with IBD with a postulated mechanism of reduced 
production of short-chain fatty acids by commensal bacteria whose 
preferred energy source is fiber (56). Butyrate, a short-chain fatty 
acid, is essential for colon health and the main energy source for 
colonocytes (57). In this sense, short-chain fatty acids also promote 
immune tolerance by promoting the development of regulatory T cells 
(58,59). Food additives are commonly consumed by patients with 
IBD and specific dietary emulsifiers (carboxymethylcellulose and 
polysorbate 80) have been shown to induce low-grade inflammation 
and metabolic syndrome in nature-type mice and promote colitis in 
genetically predisposed IL-10 knockout mice (60,61). Emulsifiers can 
alter the host microbiota, resulting in increased inflammatory 
potential with an increase in the number of mucolytic bacteria and 
erosion of the protective mucosal layer. Furthermore, clinical trials 
and data reports on the results of dietary therapies in IBD are being 
well described (61-63), according to the results obtained in the 
present study. Importantly, many of these trials are smaller in size, 
considered to produce a lower degree of evidence, and some limited 
by a lack of long-term results. In a review recently published by 
Cochrane, Limketkai et al. analyzed 18 randomized controlled trials, 
comprising 1878 participants, published between 1965 and 2018 (61).  
 
In addition, intervention diets involved complete exclusion or 
significant limitation of one or more food groups. The main examples 
are diets included with low carbohydrate content, microparticles, low 
calcium, red and processed meat, low disaccharides, grains, saturated 
fat, symptom-guided diets, highly restricted organic diet, no milk, 
anti-inflammatory diet, and free diet of carrageenan. Different studies 
looked at various outcomes, including induction of remission, clinical 
relapse, surrogate biomarkers of inflammation, endoscopic 
improvement, quality of life, and need for surgery (64-66). In this 
regard, the most rigorously studied dietary interventions in IBD are 
exclusive enteral nutrition (EEN), a formula-based therapy for CD. 
Numerous studies in children and adolescents have demonstrated the 
ability of EEN to induce remission of active CD in 80-85% of 
patients (67,68). EEN is equivalent to corticosteroid therapy in 
inducing clinical remission and superior in achieving endoscopic 
mucosal healing (67,69). In addition, EEN is first-line therapy for CD 
pediatricians worldwide, and the treatment protocol typically involves 
administering the formula to supply 100% of caloric requirements and 
excluding food for 6–8 weeks (69). In this sense, however, the exact 
mechanism by which EEN exerts its effect is unknown. Hypothetical 
mechanisms include limiting antigen exposure, antigenic monotony, 
improving nutritional status and nutrient delivery, altering intestinal 
microbiota and immune response, avoiding deleterious effects (70). 
As EEN and exclusion diets are extremely different interventions, it is 
likely that the mechanism by which they affect the disease is similarly 
different. Despite the improvement of the disease, studies examining 
fecal metagenomics in children with CD and found that EEN appears 
to decrease GM diversity and promote a more "dysbiotic" state when 
compared to healthy controls (71). Furthermore, the functional 
capacity of the intestinal microbiota also decreased with EEN, as well 
as genes encoding proteins involved in the biosynthesis of B-complex 
vitamins (71). In studies evaluating changes in GM in patients with 
IBD treated with conventional medical therapies, dysbiosis improved 
with therapy (72). Therefore, the relationship between the beneficial 
effects of EEN and changes in the GM needs further characterization 
and may result from changes in beneficial or harmful metabolites 
produced by the bacteria. In this setting, EEN has the ability to drive 
CD into remission, but EEN is difficult to maintain as long-term 
maintenance therapy and is not effective for UC. Exclusion diets, 

however, are practical as long-term therapy and have been found to 
be useful in both CD and UC cases (73,74). In this sense, one of the 
most studied exclusion diets is the specific carbohydrate (SC) diet. 
This diet removes all grains, sweeteners (except honey), processed 
foods, and all milk products except hard cheeses and yogurts 
fermented for more than 24 hours. Clinical and laboratory 
improvements have been reported in pediatric and adult patients with 
IBD (73-76). As a corollary of this, a study of more than 12 weeks in 
children and adolescents used capsule endoscopy and demonstrated 
mucosal healing (77). SC therapy has been shown to result in 
significant changes in the composition of the GM (73). In addition, a 
survey of 417 respondents found that patients reported significant 
improvement in symptoms (74). The Crohn's Disease Exclusion Diet 
(CDED) is based on the hypothesis that components of the Western 
diet promote a pro-inflammatory microbiome and may disrupt the 
mucosal barrier. The diet focuses on excluding gluten, dairy, gluten-
free baked goods, animal fat, emulsifiers, and all canned or processed 
foods. As an example, a prospective cohort of pediatric and adult 
participants with mild-to-moderate DC was treated with partial 
enteral nutrition (a formula that provides approximately 50% of the 
daily caloric intake) and the CDED has shown success in achieving 
induction of clinical remission (65). Also, certain food additives can 
promote the pathogenesis of CD, but so far the assessment of 
exposure to food additives in humans has been limited. Thus, one 
study quantified exposures to food additives in children with CD. The 
children were followed for 24 months with an assessment of disease 
characteristics, food intake, and body composition. At baseline, 
participants completed three 24-hour dietary recalls. Foods were 
categorized and the list of ingredients for each item was evaluated for 
the presence of selected food additives, such as polysorbate-80, 
carboxymethylcellulose, xanthan gum, soy lecithin, titanium dioxide, 
carrageenan, maltodextrin, and aluminosilicates. At baseline, 138 
participants, mean age 14.2 ± 2.8 years, 95% with inactive or mild 
disease, were enrolled. A total of 1325 unique foods were registered. 
The average exposure per day for xanthan gum was 0.96 ± 0.72, 
carrageenan 0.58 ± 0.63, maltodextrin 0.95 ± 0.77 and soy lecithin 
0.90 ± 0.74.  
 
For the 8 food additives examined, participants were exposed to a 
mean (SD) of 3.6 ± 2.1 total additives per recall day and a mean (SD) 
of 2.4 ± 1.0 different additives per day. Therefore, children with CD 
often consume food additives, and the impact on the disease course 
needs further study (78).Besides, the anti-inflammatory diet for IBD 
(IBD-AID) is based on whole foods that restrict the intake of complex 
carbohydrates such as refined sugar, gluten-based grains, and certain 
dietary starches, but also incorporates the intake of prebiotics and 
probiotics. . The diet also incorporates phases of food textures. As an 
example, in a small retrospective case series of patients with IBD on 
IBD-AID for at least 4 weeks, all demonstrated improved clinical 
symptoms (79). In a study of a semi-vegetarian diet in patients with 
CD remission induced by either medical therapy or surgery, patients 
maintained a higher rate of clinical remission over 2 years (80).  
Furthermore, the worsening of dysbiosis and decreased production of 
butyrate is demonstrated with EEN therapy and is apparently counter-
intuitive, as is the lack of any fiber content in commonly used 
formulas for EEN (81,82). It may be the case that EEN acts through a 
unique mechanism of action to impact inflammation in IBD compared 
to the action of restriction diets. As the GM can lead to inflammation 
and respond to underlying inflammation, further elucidation of the 
complex between diet, microbiome, and host interaction will help 
guide future therapy. In this context, with the paradoxical findings 
seen in EEN versus food restriction diets, changes can occur during 
the transition from one diet to another, providing a better 
understanding of the mechanisms. As an example, epidemiological 
studies have shown an increased risk of developing IBD with 
increased intake of total fat, polyunsaturated fatty acids, omega-6 
fatty acids, and meat, while fruits, vegetables, and fiber intake have 
been shown to have protective effects (83). Higher meat intake was 
associated with an increased risk of relapse of UC in adults and a 
decreased rate of achieving CD remission in children on partial 
enteral nutrition therapy (84,85). Even though a variety of exclusion 
diets have shown efficacy in treating inflammation in small case 
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series reports, further studies are needed to better substantiate these 
findings. While these studies suggest that specific food components 
may be deleterious, it may be the complex interactions of food 
components within the food matrix with the GM that trigger and 
perpetuate the cycle of inflammation in IBD (86,87). Despite these 
important clinical findings, the mechanism by which dietary 
interventions influence IBD remains unknown. Studies involving the 
microbiome, metabolome, and proteome are beginning to shed more 
detail and will help guide towards more targeted diets. 
 

CONCLUSION 
 
The present study analyzed the main interactions between dietary 
therapy, gut microbiota, and inflammatory bowel disease, elucidating 
the main clinical outcomes of the disease after nutritional treatment. 
As a corollary, important randomized controlled clinical studies were 
found in the last ten years that showed the important role of diet 
modulation in the control and even in the remission of IBD, revealing 
important reductions in persistent intestinal symptoms, in the balance 
of the gut microbiota, in reduction of inflammation markers and 
improved quality of life. 
 
LIMITATIONS 
 
Although these included studies may be superior because they are 
randomized controlled trials, additional studies on EEN and broader 
restricted diets may show a clearer impact on IBD. The mechanism 
by which dietary interventions influence IBD remains unknown, 
requiring the development of studies involving the microbiome, 
metabolome, and proteome. Therefore, the main areas requiring 
research are on the impact of dietary therapies with/without 
concomitant immunosuppression, the impact of long-term dietary 
therapies, mechanism of action for dietary therapies, exclusion diets - 
important dietary components, cost-benefit analysis of dietary 
interventions; and dietary approaches aimed at selectively modulating 
the microbiome. 
 
FUTURE PERSPECTIVES 
 
Dietary trials present challenges, but the ability to use nutrition to 
treat illness is an opportunity. It has long been accepted that dietary 
exposures are associated with the risk of developing IBD. Dietary 
intervention with EEN or even a change in fat and fiber consumption 
results in a tangible change in the gut microbiome (9). Efforts have 
been put into developing therapeutic approaches to selectively 
modulate the GM, including prebiotics, probiotics, antibiotics, and 
fecal transplantation, but persistent microbiome formation requires 
ongoing maintenance of these therapies (76). Dietary therapies that 
reshape food consumption patterns can alter exposure to harmful 
substances such as selected food additives, directly influence the gut 
microbiome, and also have a direct impact on the functioning of the 
host's immune system (86).  The currently accepted dietary therapies 
are EEN in pediatric CD, dietary therapies for symptom control, and 
nutritional therapy to support malnutrition. Many individuals institute 
dietary changes based on a variety of sources of information and also 
as a reaction to the onset of IBD symptoms. Recommendations are of 
variable validity. Data on EEN therapy have led to its use as standard 
therapy for remission induction in pediatric CD (87). The limitation 
of EEN is the difficulty in sustaining the intervention. Food-based 
IBD trials may involve exclusion, supplementation, or dramatic 
changes in dietary pattern (62). So far, it seems unlikely that 
exclusion or targeted supplementation has a role in IBD therapy, but 
deeper changes in eating patterns have shown promise. While 
individual dietary components may be harmful (such as refined 
sugars, high fat and specific food additives), it may be that the effect 
of these components is balanced or attenuated by other components 
(eg fiber, antioxidants, bioactive molecules) (86,87). As such, future 
dietary trials in IBD should consider the global dietary pattern, while 
considering the role of individual dietary components. Currently, 
published trials for IBD exclusion diets generally include a 
description of the general principles of the diet, but do not 

characterize the variability within the proposed intervention and the 
impact this has on clinical outcomes. Challenges to be considered in 
IBD food-based dietary trials include issues with participant 
compliance, measuring compliance, and variability within a particular 
dietary intervention (9). While randomized controlled trials are the 
gold standard for generating evidence to guide clinical practice, the 
design of innovative studies and data from larger cohort studies, along 
with preclinical data, can also help to substantiate existing literature 
that supports dietary therapies in IBD. The paradigm of relying only 
on data from controlled trials is a challenge in the setting of dietary 
interventions that require profound changes in the usual diet, the need 
to maintain compliance, and the cost of implementing such trials (87). 
Also, as diet can be a primary or adjuvant therapy, the magnitude of 
effect considered significant may be different for dietary studies 
compared to drug studies. For example, if a dietary intervention 
results in a lack of endoscopic mucosal healing but significantly 
decreases the inflammatory burden measured by biochemical 
markers, this may suggest that the intervention has a promising role 
as an adjunct to conventional immunosuppressive therapy. As the 
mechanism by which dietary therapy affects IBD involves intestinal 
exposures, the microbiome and triggering of the mucosal immune 
system, the diet has the potential to be used in conjunction with 
medications to improve outcomes and durability and minimize the 
risks associated with immunosuppression (9). Recognition of the need 
for additional clinical trial data, inherent uncertainty of efficacy for all 
IBD therapies, and the potential benefit of dietary interventions will 
help guide progress towards a better understanding of the utility of 
dietary therapy for individuals with IBD. 
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