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Abstract

Inflammatory bowel disease is believed to be caused by a combination of genetic and 

environmental stimuli such as our diet. Diets high in meat and fats and low in fruits and vegetables 

have been associated with new onset inflammatory bowel disease. This has triggered interest in 

using dietary modification as a treatment. The three principle models of dietary intervention are 

supplementation with selected dietary components, exclusion of selected dietary components, or 

use of dietary formulas in place of a normal diet. Despite the high level of interest in dietary 

interventions as a treatment for inflammatory bowel disease, few well designed clinical trials have 

been conducted to firmly establish the optimal diet to induce or maintain remission. This may be 

in part related to the challenges of conducting dietary intervention trials. This review examines 

these challenges and potential approaches to be used in dietary intervention trials.
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The inflammatory bowel diseases (IBD), Crohn’s disease (CD) and ulcerative colitis (UC) 

are disorders of the intestinal mucosa, where environmental factors, intestinal microbiome, 
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epithelial barrier, the gut-brain axis, innate and adaptive immune system are contributing to a 

complex pathophysiology against the backdrop of genetic dispositions. Current evidence 

suggests that environmental factors, including diet, may be important in the development 

and progression of IBD1. Environmental factors are thought to exert their effect through 

alterations in the composition of the gut microbiota, the mucosal immune system and 

epithelial barrier function, among other mechanisms. Given that diet is a modifiable 

environmental risk factor, it has become an attractive target for both prevention and 

treatment of IBD.

The incidence of IBD is highest in industrialized nations. In developing nations, where IBD 

was once rare, the incidence has increased as these nations have become more 

industrialized2. This has led to the hypothesis that westernization and particularly the 

Western diet may be a key trigger for IBD3. High dietary intake of total fats, polyunsaturated 

fatty acids, omega-6 fatty acids, and meat has been associated with an increased risk of both 

CD and ulcerative colitis UC4. Likewise, long-term intake of dietary fiber is associated with 

a decreased risk of developing CD5. These epidemiological associations have been 

strengthened by studies demonstrating that dietary milk fat and emulsifiers can exacerbate 

colitis in animal models of IBD6,7. A detailed review of diet as a risk factor for IBD is 

beyond the scope of this paper, but has been recently reviewed elsewhere4.

In addition to epidemiologic and basic science data, a major stimulus for the study of diet 

comes from patients with IBD who commonly identify foods that exacerbate symptoms8,9 

and frequently ask their providers and community for dietary advice. Despite this, high-

quality evidence for a direct effect of dietary modifications on reduction in symptoms and 

inflammation is limited. Several recent papers have reviewed the evidence supporting dietary 

interventions for IBD10,11 and as such these data will not be covered in detail here. Enteral 

nutritional therapy has been the most extensively studied dietary intervention and has 

repeatedly been demonstrated to produce improvements in clinical, biochemical, and 

mucosal healing outcomes in patients with CD. Recently, other diets for patients with IBD, 

predominantly exclusion diets such as the semi-vegetarian diet, the specific carbohydrate 

diet and the Crohn’s disease exclusion diet, have gained attention based mostly on small, 

non-randomized clinical trials12–14. For example, Chiba reported that remission was 

maintained in 94% of patients with CD who continued to follow a semi-vegetarian diet as 

compared to 33% of patients who returned to a regular diet12. Sigall-Boneh reported that 

70% of patients achieved clinical remission and 70% had normalization of c reactive protein 

on the Crohn’s disease exclusion diet13. Other diets, such as the Paleolithic diet, are popular 

in the lay press, but have yet to be scientifically studied (Table 1).

The lack of high quality controlled trial data to guide dietary recommendations for patients 

with IBD is in stark contrast to the level of interest in the field. This is likely secondary to 

the unique challenges associated with conducting dietary clinical trials. Nonetheless, to 

definitively prove the efficacy of dietary interventions, such trials are essential. In this 

review, we discuss the unique issues that arise in designing, conducting and interpreting data 

from dietary trials involving patients with IBD.

Lewis et al. Page 2

Inflamm Bowel Dis. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Defining Diet

Dietary intake is fundamental to the growth, development and well-being of humans but 

remains highly challenging to categorize and measure due to the heterogeneity in food 

intake across cultures, age groups, and for a single individual over time. Diet can be 

represented as constituent chemicals, foods, food groups, or patterns of foods consumed 

(Figure 1)15. The chemical components that comprise foods include macronutrients, 

essential micronutrients, food additives, contaminants (agricultural chemical, microbial 

toxin, inorganic), chemicals formed during the cooking/processing of food, natural toxins, 

and other natural compounds15. Preparation, storage, and cooking of food may also alter 

nutritional value of foods16.

To define dietary needs, the Institute of Medicine has put forth Dietary Reference Intakes for 

macronutrients, fluids and electrolytes, vitamins, and minerals17. These values provide 

guidance on norms of intake and the physiological needs of individuals. In addition, food 

intake patterns, which take into consideration the varieties of foods eaten in conjunction, 

may be of importance in understanding the impact of dietary exposures on the 

pathophysiology of the human body18. The representation of diet as a dietary pattern is more 

challenging. For example, the western dietary pattern has been defined by the high intake of 

refined cereals and sugars, refined vegetable oils, fatty meats, dairy, and other “processed” 

foods19 while the Mediterranean diet has been characterized by fresh fruits and vegetables, 

legumes, lean meats (e.g. poultry) and fish, and use of olive oil as the principal fat for 

cooking20. Dietary patterns can also be defined by the exclusion of specific foods, such as 

vegan or gluten-free diets.

Because of the complexity of most natural foods and the large quantity of different 

combinations in which these foods can be consumed, dietary factors and their health effects 

may be difficult to isolate and specify. For example, investigations on the impact of the 

glycemic load on health outcomes typically necessitate comparing diets that differ in 

numerous, hard to standardize ways since the dietary glycemic load can be lowered by 

consuming more low-glycemic sugars such as fructose or lactose, by incorporating more 

high-fiber foods, or by lowering the overall carbohydrate content of the diet. Each of these 

interventions could result in different health effects. Similarly, exclusion of processed foods 

would likely reduce exposure to multiple factors, such as salts, sugars, and emulsifiers. 

Thus, when interpreting the results of a dietary intervention trial, one must consider the 

specific composition of the intervention diets and recognize that a biological effect could be 

attributed to a specific, isolated dietary factor of interest, associated dietary factors the 

investigators failed to standardize across intervention arms, or to a more global dietary 

change.

How to define intervention diets: Supplementation, Exclusion, and 

Replacement

To date, the study of dietary interventions in patients with IBD has primarily concentrated 

on three approaches which can be used independently or in combination – supplementation 

with anti-inflammatory components, the exclusion/restriction of pro-inflammatory 
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components, or replacement of the usual diet with nutritional formulas, the mechanism of 

which is not fully understood (Figure 2).

Dietary supplementation

Dietary supplementation interventions presume that usual diets contain insufficient 

quantities of substances to meet the needs of patients with IBD. Supplementation can be in 

the form of a whole food, an ingredient, or a prepared dietary supplement (e.g. a capsule or 

liquid containing the additional dietary components). One should recognize that 

supplementation may result in reduction of consumption of another component of the diet, 

particularly if the supplementation has appreciable caloric content. In these cases, the 

investigators need to be aware that they are not assessing the impact of the supplemented 

food per se, but actually comparing the supplemented to the replaced food. Thus, as much 

thought needs to be given to which food(s) or dietary component(s) are replaced as to the 

choice of the specific supplement under investigation. Examples of dietary supplementation 

trials include randomized control trials of supplementation with prebiotics, i.e. dietary 

fiber,21 and probiotics22 in both CD and UC, omega-3 fatty acid supplementation in CD23, 

vitamin D supplementation in CD24, polyphenols found in green tea ((−)-epigallocatechin-3-

gallate) for UC25, and curcumin for CD26 and UC27,28. Of these, dietary fiber, vitamin D, 

probiotics, green tea polyphenols and curcumin have some evidence of efficacy but have not 

been subject to large scale state of the art clinical trials, while omega-3 fatty acids showed 

no benefit in two large, well-designed placebo-controlled trials to prevent relapse of Crohn’s 

disease.

Exclusion diets

The underlying hypothesis for exclusion diets is that the patient’s usual diet may contain one 

or more ingredients that initiate or potentiate the inflammatory cascade. Examples include 

IgG4 guided exclusions29, semi-vegetarian diets12, the specific carbohydrate diet30 and 

similar diets described by Oledzki31 and Sigall-Boneh13. It is important to recognize the 

exclusion of a dietary component does not happen in isolation. Rather, exclusion diets could 

be better characterized as replacement diets, where one group of foods, ingredients, etc. is 

replaced by another (Figure 2). Furthermore, exclusion of select foods may also lead to 

exclusion of other dietary components because these items are generally consumed together 

(e.g., milk and breakfast cereal).

Following successful therapy with an exclusion diet, it may be possible to identify the key 

elements of the diet that were excluded by re-challenging patients in a systematic fashion. 

For example, Chiba reported that patients who resumed a regular diet after induction of 

remission with a semi-vegetarian diet were more likely to relapse than those who continued 

the semi-vegetarian diet12. However, the design did not isolate what aspect of the regular 

diet contributed to the higher relapse rate. In eosinophilic esophagitis, systematic re-

challenge following treatment with an elemental diet or with a 6-item exclusion diet, allows 

for detection of the unique foods that drive the eosinophilic inflammation32. For such 

approaches, use of non-invasive biomarkers, such as calprotectin and c reactive protein, has 

great advantage over repeat cross sectional imaging or endoscopy, and may detect 

inflammation sooner than clinical symptoms33.
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Dependent on the specific nature of the exclusion diet, prolonged periods of treatment with 

exclusion diets risk producing nutritional deficiency. Given the high prevalence of nutritional 

deficiencies among patients with IBD in general34, some trials may need to assess for 

nutritional deficiencies and replete those identified as part of the study protocol. As such, 

care must be taken when designing exclusion diets for long term use to assure adequately 

balanced nutrition. This can be partly overcome with nutritional supplements. Unfortunately, 

adherence to vitamin and supplements among patients with IBD is relatively poor, in part 

due to lack of understanding of the importance of the nutritional supplements35.

Many patients with IBD follow self-imposed restriction diets, avoiding foods that they 

believe worsen their symptoms8,36. Although we generally think of restriction diets as 

excluding selected food items from the diet, following a prescribed restriction diet may lead 

to more balanced nutrition for some patients.

Exclusive and Partial Enteral Nutrition

Enteral nutritional therapy, typically exclusive enteral nutrition (EEN) with elemental, semi-

elemental and polymeric formula diets, is frequently used in the treatment of pediatric CD, 

particularly in Canada, Japan and Europe37–39. Of all dietary interventions, EEN is 

supported by the strongest clinical evidence. Commercially available formulae have proved 

efficacious in treating symptoms and intestinal inflammation in CD in addition to supporting 

nutritional needs40–42. However, the effectiveness is greatest when used as the exclusive 

source of nutrition41,43. The most common protocol involves the administration of a defined 

formula at 100% of caloric needs for 4–12 weeks in order to induce remission44. When 

compared to corticosteroids as treatment for children with CD for 10 weeks, EEN was 

significantly more effective than corticosteroids in healing the mucosa, as determined by 

both endoscopic as well as histologic criteria40.

EEN is an exclusion diet of sorts where the typical, whole foods diet is replaced by defined 

formulas. The mechanism of action is unknown, but may include reduction in luminal 

antigens and food exclusion, a direct anti-inflammatory effect of the formula, and/or changes 

in the gut microbiota or their metabolome45–48. The majority of formulas used for EEN are 

nutritionally complete, and if there are beneficial effects of the formula itself, such as more 

effective delivery of nutrients, then EEN could be both a dietary exclusion and 

supplementation approach.

Basic principles of clinical trials

The specific challenges associated with implementation of dietary intervention trials will be 

discussed in detail in subsequent sections of this review. Clinical trials of dietary 

interventions should follow the same principles of that of other interventions in IBD (Table 

2). Careful consideration must be given to inclusion criteria, the choice of a comparator 

group, mode of treatment assignment, blinding, measuring adherence and statistical 

methods. Each is discussed below. Not addressed in this review is the selection of the 

outcomes of interest which will be specific to the study question. When studying a clinical 

outcome, such as remission, the principles do not differ from that of other clinical trials in 

IBD. Particularly in clinical trials where the treatment assignment is not masked, it is 
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important to include objective measures of inflammation in addition to patient reported 

outcomes which can be influenced by factors other than bowel inflammation49.

Inclusion criteria

The choice of whom to include in a dietary intervention trial is similar to that for drug 

intervention trials. The investigators must consider the hypothesized effect of the therapy on 

the disease process. For example, one may wish to exclude patients with a prior partial 

colonic resection if it is anticipated that the diet would be poorly tolerated in those with prior 

surgery. This may happen with therapies such as EEN that have high osmotic load. 

Similarly, some have proposed that isolated colonic Crohn’s disease responds less well to 

EEN than ileal disease50. There are limited data on existing dietary interventions for fistula 

although some promising results have been reported for EEN in patients with abdominal 

enterocutaneous fistula51. The fiber content of the diet should be considered when deciding 

whether to include patients with known or suspected stricturing disease. The impact of 

nutritional therapies on extraintestinal manifestations of IBD other than growth failure has 

not been well studied, but one could hypothesize that those manifestations that result from 

systemic inflammation may be less well controlled by dietary interventions than with 

systemic therapies. This is an important focus for future studies.

Whether a clinical trial should include patients with active disease or those in remission 

depends on the question to be answered. However, an important advantage to studying 

patients with active IBD is the knowledge that the patient’s usual diet was inadequate to 

provide control of the disease. It is potentially more challenging to show a benefit for 

maintenance of remission than for induction of a clinical response. In the latter design, the 

patients have already responded to another therapy; as such, the hypothesis being tested is 

that the dietary intervention acts synergistically with the therapy that induced remission to 

maintain remission.

Current nutritional status and other comorbidities may be an important inclusion criterion 

depending on the design of the trial. If a study diet is anticipated to result in weight loss, one 

may exclude underweight or undernourished patients. Metabolic disorders, such as diabetes 

mellitus, may also be important considerations depending on the composition of the study 

diets.

Finally, one important distinction of dietary intervention trials from drug trials is whether to 

consider the baseline diet as part of the inclusion criteria. For example, a study that wishes to 

test the effect of reducing consumption of a specific food group may want to only include 

patients who consume at least a minimum amount of this food group on a regular basis. 

Screening for such can be accomplished with food frequency questionnaires or other dietary 

measurement approaches. Exclusion of those whose usual diet is similar to the intervention 

may serve to increase statistical power.

Comparator groups

Choice of a comparator group for dietary intervention trials is more complicated than in 

drug trials. Replacing a food item with a well-defined alternative can increase the ability to 

detect a clinically meaningful difference and helps to define the study question. For 
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example, a clinical trial could assign people to consume only red meat or chicken as their 

source of animal protein. This would help answer the question of whether outcomes are 

better when people consume red meat or chicken. However, this will not address the 

question of whether replacing red meat or chicken with fish would have the same effect.

The particular replacement dietary components may be more important for certain 

conditions than others. For example, gluten can be replaced with nearly anything and celiac 

disease will improve. However, exclusion of saturated fatty acids will only reduce LDL 

cholesterol if they are replaced with mono- or polyunsaturated fatty acids, not when replaced 

with carbohydrates.

The choice between a well-defined control diet and using the subject’s “usual diet” as the 

control should be driven by the underlying study question. Evaluating the subject’s usual 

diet allows one to more closely understand the impact the introduction of the study diet may 

have on the course of the disease. However, most people’s usual diet is quite variable and 

some participants may follow a diet that already approximates the study diet, thereby 

reducing the power to detect a difference between the treatment arms. In contrast, selecting a 

well-defined control diet is challenging. By manipulating the participant’s usual diet in any 

way, it is possible that any observed difference in outcomes in the clinical trial could be due 

to the effects of the study diet, the control diet, or both. As such, characterizing usual diet 

may provide insight into unintended effects of even the control diet.

Blinding

In drug development, the strongest evidence of efficacy comes from placebo-controlled 

RCTs. Placebo-controlled trials have been used for dietary intervention trials as well. In the 

simplest form, a dietary component can be encapsulated and provided in a pill form or 

within a solution52. In both cases, a placebo pill or solution can be used to achieve blinding 

of patients and investigators. However, this design may fail to reflect the impact of higher 

dietary consumption of a nutrient if the nutrient in the study product has different 

bioavailability than the same component included in food. Furthermore, nutrients are never 

consumed in isolation other than when provided as a supplement. Alternatively, investigators 

may provide the same food with and without a particular nutrient in a blinded fashion to 

demonstrate the efficacy of adding or removing the nutrient. Such designs have been used to 

assess the impact of fiber supplementation in a number of health conditions53–55. Such 

designs could be useful in patients with IBD to study the impact of selected vitamins, 

minerals, or additives, such as emulsifiers.

Creation of a placebo or control is more complicated if the study product has substantial 

caloric content. In such cases, consumption of the study product would be expected to 

reduce intake of other food. One approach is to provide comparable calories in the placebo. 

Alternatives are to have minimal caloric content in the placebo or not provide any control 

product. The choice between these strategies depends on the question to be answered. If the 

goal is to assess the impact of increasing consumption of a specific nutrient, providing a 

placebo with comparable calories will minimize the risk of contamination of the intervention 

by greater consumption of other foods that contain the same ingredient in the control group. 

In contrast, if the objective of the study is to assess the clinical impact of providing a 
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nutritional product on disease course, the ideal control product may be one with minimal 

calories or not providing any control product, thereby reflecting the impact that the product 

would have when used in clinical practice.

The examples provided thus far have focused on dietary supplementation. Blinding is more 

difficult in exclusion diets since the relevant dietary component may be acquired from a 

number of different foods. Similarly, when the intervention is built around the entire diet, 

blinding is almost always infeasible. Thus, many trials of dietary interventions are open label 

or at most single blind (i.e. the evaluator is blinded but the patient is aware of the treatment) 

and the comparator group consumes a “control diet” or “their usual diet”. Because the 

participants in such studies are aware of the treatment, there is a greater risk for bias. In 

particular, there is the risk that participants assigned to one diet will also implement all or 

some aspects of the other diet on their own. This is sometimes referred to as contamination, 

opting-in or opting-out, and can be a particular problem if one of the study diets is “the 

participant’s usual diet.” Imagine a trial where patients are randomly assigned to either a 

high red meat diet which resembles the participant’s usual diet or a low red meat diet. If the 

participants are aware of the composition of the two diets, they will immediately know the 

hypothesis under study and may reduce red meat consumption in hopes of achieving a 

benefit.

One approach to avoiding this problem is to limit the participant’s knowledge to only the 

treatment arm to which they are assigned. While this has the advantage of reducing the risk 

of contamination, it creates additional organizational and perhaps analytic challenges56. A 

complimentary approach is to provide participants with their food. This is much more 

expensive, but in theory should reduce the risk of contamination and differential 

participation rates.

Randomization

Randomization is the cornerstone of clinical trials. Random assignment of treatment serves 

to avoid bias that can result when the treating clinician recommends one treatment over 

another based on a characteristic of the patient. Furthermore, when a trial is large enough, 

randomization serves to balance both the known and unknown potential confounders. Trials 

of dietary interventions should use randomization to achieve such balance and avoid 

selection bias in the same way as drug trials have. Stratified randomization can help assure 

balance on important covariates and may be particularly helpful when sample sizes are 

relatively small.

Randomization can be employed in designs other than the traditional parallel group clinical 

trial. Historically, crossover designs have been used to study chronic diseases. In a crossover 

design, participants are treated sequentially with both interventions, typically with a washout 

period between the treatment periods. The order of treatment is determined by random 

assignment. The main advantage of the design is increased statistical power as each 

participant serves as their own control. Key challenges of crossover designs are the potential 

for carryover effects from the first treatment period and the impact of missing data when 

participants are lost to follow-up. A variant of crossover trials is the N-of-1 trial design 

where an individual participant is randomly assigned to treatment periods with the different 
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therapies. After several treatment periods, the data are used to assess whether the disease 

was better controlled with one of the two treatments. The result can be used to select a long 

term treatment for the individual patient. Repeating this experiment with multiple 

participants allows for pooling of the data to draw more generalizable conclusions. Although 

appealing in concept and reminiscent of advice often given to patients with IBD to try 

different dietary modifications to see what helps, the design has not been widely employed 

in a formal research setting. A 2011 systematic review identified only 108 N-of-1 trials 

published over a 25 year period, none of which were dietary interventions57.

Measuring dietary intake and adherence to the study diet

Just as adherence to medications can influence the effectiveness, adherence to therapeutic 

diets may be just as important. A recent study demonstrated that the effectiveness of EEN 

for Crohn’s disease was influenced by the proportion of calories consumed as regular table 

food relative to the formula43. Palatability, tolerability, satiety, ease of preparation, 

availability of ingredients or prepared foods, cost, and cultural, religious, and social 

acceptability may all influence adherence to a dietary intervention. One approach to 

maximize adherence is to include a run in period where participants sample the study diets 

prior to randomization. However, to avoid having a clinically important effect on the disease 

course, such run in periods need to be short.

Measuring dietary intake and adherence can be accomplished with simple checklists that are 

kept by the participants to report their adherence to the specific intervention, ideally daily. 

Other possibilities include 24-hour dietary recalls, food diaries, food frequency 

questionnaires (FFQs), evaluation by a registered dietitian, or directly measuring the food 

not consumed in controlled studies that provide some, most, or all of the food (analogous to 

pill counts for drug studies). The FFQ method is a validated approach to capture dietary 

exposure data over time58,59. The FFQ method emphasizes longer-term dietary exposures, 

and as such respondents must estimate past exposures. The FFQ questions need to be framed 

to encompass the time that the participant is in the clinical trial if the goal is to measure 

adherence to the study diets. FFQ are considered relatively poor instruments to assess 

compliance with a dietary intervention, as it would be relatively easy for participants to 

manipulate their responses to the standardized questions to appear more compliant than they 

were.

Dietary recall and food records can provide greater dietary detail than the FFQ method. The 

24-hour dietary recall and food record methods capture food intake on one or more specified 

days. With 24-hour dietary recall, study participants are prompted by a trained interviewer to 

recall foods consumed over the previous 24 hours while with the food record method, food 

intake is logged real-time in a diary. Unlike the estimations used in answering a FFQ, these 

two methods capture actual daily intake including details on quantity, preparation, and other 

specifics. Both are open-ended, i.e. participants list their actual foods consumed, rather than 

respond to questions about consumption in broad food categories as in the FFQ. Whereas 

food records can introduce bias by impacting an individual’s food consumption, 

unannounced 24-hour dietary recalls are a more objective measure. The 24-hour dietary 

recall approach is much more expensive and is less feasible for very large studies with 
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repeated measures over the course of time. An automated, web-based version of dietary 

recall with direct-entry of data by study participants has been developed by the National 

Cancer Institute and may become a viable, lower-cost alternative to traditional dietary recall 

in the future60,61. The use of 24-hour recalls introduces the possibility of sampling bias 

pending the frequency of specific dietary exposures.

Each of these methods is subject to bias from errors in the assessment of diet62. An 

alternative is to measure adherence through the use of biomarkers, if such markers exist23. 

An example for an established biomarker commonly used in research is the plasma 

phospholipid concentration of the fatty acids C15:0, C17:0, and C16:1 n-7 trans, all of which 

are biomarkers for dairy fat consumption63. More complex biomarkers are currently in 

development, some of which are based on the plasma and/or urinary metabolome64. Newer 

technologies have the potential to improve precision while reducing cost and participant 

burden. Mobile phone food records using photograph-based assessments and the usage of 

sensor technology to estimate portion sizes are in active development and hold promise for 

the future of dietary assessment65. As novel tools are developed for measuring human 

physiology, the opportunities for improved monitoring of adherence should expand66

In most clinical trials of medications, the study drugs are provided to the participant without 

cost. This model has been used on occasion in dietary intervention trials20. Implementation 

is easier when the dietary intervention is limited, such as addition of a special beverage, 

bread, etc. More complex dietary interventions may require delivery of complete sets of 

ingredients or prepared meals. Such designs are becoming increasingly feasible with the 

many vendors providing this service to the general public. For example, an ongoing trial of 

the specific carbohydrate diet has employed this strategy (https://clinicaltrials.gov/ct2/show/

NCT02610101?term=suskind&rank=8). However, the cost may be substantial and the 

sustainability of such a model is less clear. Specifically, if a dietary intervention is 

efficacious when the key components are provided to participants at no cost, the 

effectiveness when implemented outside of a clinical trial may be substantially less, 

particularly if the diet is difficult to follow. One approach to this is to provide the diet only 

during the first part of the trial and to test the sustainability of the diet in the second half of 

the trial as is planned in a forthcoming trial comparing the Mediterranean style diet the 

specific carbohydrate diet (http://www.pcori.org/research-results/2016/comparative-

effectiveness-specific-carbohydrate-and-mediterranean-diets-induce). Thus, dietary 

intervention trials commonly test both the biological effect of a diet and the ability and 

willingness of participants to consume this diet.

Dose finding in dietary intervention trials

An important aspect of drug development is identifying the minimum effective dose. For 

some dietary interventions, the same principle may apply. The principles of 

pharmacokinetics and pharmacodynamics can be used to predict the minimum effective dose 

of a drug. For example, dosing of vedolizumab was demonstrated to nearly fully occupy the 

α4β7 receptor at doses used in clinical trials67,68. For dietary interventions, particularly 

exclusion diets, the question may be how much of a substance is too much or too little. For 

dietary interventions that provide additional amounts of a specific nutrient, it is intuitive to 
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consider measuring the concentration of the nutrient in the plasma or urine. Unfortunately, 

circulating concentrations of most micronutrients are not representative of even recent 

intake, as they are homeostatically regulated or because their storage in tissues or secretion 

are important additional determinants of plasma concentrations69.

Ideally, the same principles should apply as with drug development. If the target pathway is 

known, dose finding studies to assess the amount of a nutrient required to influence the 

pathway can be used to optimize the intervention before testing in a large scale clinical trial. 

When possible, early phase trials should assess the impact of differing amounts of the 

dietary component on tolerability and biomarkers relevant to the study question. 

Nutrigenomics is an evolving discipline in which the expression of genes is measured in 

response to a dietary intervention, and may be helpful in IBD in order to understand on how 

an altered nutritional exposure could regulate gene expression and ultimately 

phenotype70,71.

Statistical considerations

An extensive overview of the statistical approaches to clinical trials is beyond the scope of 

this manuscript. Here, we highlight several key concepts that should be considered in the 

design and implementation of dietary intervention trials. A more extensive discussion of this 

topic, specifically as it applies to dietary intervention studies is available from several 

recently published methods-focused manuscripts72–75. Sample size calculations for dietary 

intervention trials should follow the same principles as for other trials. One of the most 

pervasive issues that plagues nutrition clinical trials are underpowered studies. Not only are 

they often false negative, as would be expected, but they are more likely to result in 

‘significant’ findings that are purely due to chance because the study was concluded on a 

‘random high’ or because of residual confounding despite randomization. Even more 

problematic are trials that end up being underpowered due to high attrition rates, especially 

if these were unevenly divided between the control and the intervention arm. This leads to 

biased estimations of the treatment effect. For a recent discussion of these and other issues 

see Yelland et al76. Even if a best effort attempt at determining a realistic sample size are 

made, calculations are still often based on a too optimistic assessment of the likely effect 

size77. This state of affairs underscores the need for more multi-center trials with better 

statistical and organizational support.

Drawing upon the importance of randomization to balance confounders between the 

treatment groups, the primary analysis for most trials should employ the principle of 

intention to treat, whereby all participants are analyzed according to their assigned diet. 

Additional per protocol analyses can be conducted that provide additional information on 

the potential effectiveness of an intervention if followed as described in the protocol. 

However, per protocol analyses do not fully take advantage of the benefits of randomization 

and therefore it is important to reassess for potential imbalance of confounder variables and 

adjust for these as needed.

Per protocol analyses often use a single predefined definition of adherence to determine who 

is included in the analysis. However, adherence is difficult to measure in dietary trials and 

the level of adherence that is necessary to achieve the outcome is rarely known at the time 
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the trial is designed. Sensitivity analyses examining the effectiveness of the dietary 

intervention across a range of levels of adherence can generate important hypotheses. For 

example, in celiac disease, complete exclusion of gluten is necessary to effectively treat the 

disease. In contrast, reduction of intake of foods with a high glycemic index will improve 

glucose control in diabetes, even if adherence is not 100%.

Dietary quality control and reproducibility

The source of food and how it is prepared adds to the heterogeneity of dietary interventions. 

At present, food product labeling largely does not distinguish between different plant 

varieties, or cultivars, despite substantial differences in nutrient profiles. For example, purple 

potatoes may have a vastly different nutrient profile when compared to white potatoes78,79. 

Similarly, sourdough bread may differ in its immunogenicity from yeast bread80, or a cheese 

may have different health effects dependent on whether it was made from raw or pasteurized 

milk, or from cows that were grain- or pasture-fed81. Importantly, none of these issues 

would be apparent from a food label or nutrient database. Understanding the impact and role 

of “processing” foods is important in dietary trials and collaboration with food scientists 

may be a valuable opportunity for clinicians.

Quality control in dietary intervention trials can be optimized by directly providing foods to 

study participants. This approach eliminates the variability of available foods and allows 

investigators to ascertain dietary exposure details. However, the cost of this approach may be 

prohibitive for longer or larger trials, and differential food preparation may still introduce 

variability.

Though it has been suggested that single-center studies may lack the rigor of multi-center 

studies, single-center studies often observe larger treatment effects. This may be related to 

stricter treatment protocols, reduced variability in food sources, or more homogenous 

participant populations82,83. In contrast, multinational trials may introduce cultural 

variability in food preparation and consumption that may be challenging to capture and 

result in disparate study results. Studies that house participants and provide and measure all 

dietary consumption allow for the greatest control of dietary exposures. Such designs may 

be used for early phase studies to assess tolerability of the dietary intervention and the 

impact of short term exposures on biomarkers. However, the duration of time required to 

measure clinical outcomes generally make this study design impractical for large scale IBD 

trials.

Personnel

In addition to the traditional personnel supporting clinical trials, rigorous dietary studies may 

require additional expertise and oversight. Scientists and physicians may develop the clinical 

questions and provide expertise in study design, but the involvement of other experts can 

provide essential insight. Food scientists study the physical, chemical, and biochemical 

properties of food and the principles of food processing84. Food scientists can provide 

guidance on safe production, preservation, and packaging of foods. Similarly, registered 
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dietitians can help assure that study diets meet patients’ nutritional requirements and also 

guide patients on the practical aspects of consuming specialized diets.

Education is arguably one of the most important aspects of a clinical trial involving a diet. 

Diets are inherently varied with essentially unlimited food choices available to consumers 

and this represents a challenge and leaves room for error. To ensure consistency, appropriate 

education of patients, family members, and the clinical or research team is critical. 

Registered dietitians can guide counseling and support of subjects and also direct the 

research team on creating an appropriate study diet.

Most studies of diet for the treatment of disease have relied on education in the form of 

careful dietary counseling by a physician, registered dietitian or certified nutrition 

specialists. This is time consuming and generally requires additional personnel. However, 

dietary instructions must be adequately conveyed to subjects and also to parents or other 

family members in studies involving pediatric subjects. The frequency of dietary counseling 

sessions is an important consideration. The most common approach has been a more 

thorough initial session with distribution of detailed reference guides with subsequent 

follow-up sessions so that the study team can assess compliance, answer questions, and 

determine additional educational needs13. Although it requires further resources, to improve 

compliance, it may be helpful to have a mechanism in place for questions to be answered by 

a study team member in real time. Consideration should be given to the amount of oversight 

and attention given to the respective study arms, as differential guidance may bias study 

results.

Regulatory considerations

When does a dietary intervention become a drug, a food for special medical purposes (also 

known as a medical food), or a nutritional supplement? Although a full discussion is beyond 

the scope of this review, investigators should recognize that under certain circumstances a 

dietary intervention could be considered as a drug, a medical food, or a supplement. 

Exclusion diets do not meet any of these definitions. However, dietary interventions that 

supplement or replace the usual diet could potentially meet the definition of a supplement, 

medical food or a drug. In the latter cases additional regulations would apply to the conduct 

of clinical trials and marketing of the product.

Unique considerations for dietary intervention trials in children

The dietary requirements of children are unique in that nutrition must support normal growth 

and development85. As children progress from infancy to childhood and adolescence, 

physiology and nutritional requirements change vastly. The design of clinical trials that will 

include children must consider the nutritional requirements for normal growth and 

development. The duration of the trial may be an important consideration. For example, 4 to 

12 weeks of a restriction diet is unlikely to lead to significant nutritional deficiencies 

whereas this could be a problem in longer maintenance trials.

The differential role of food chemical component exposures at different stages of growth and 

development requires further study, in particular the role of dietary exposures in the 
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developing immune system. A recent randomized trial following infants through childhood 

demonstrated the protective effect of early exposure to peanut protein on the future 

development of peanut allergies86. This study demonstrates the importance of timing of 

dietary exposure on the development of an aberrant immunological response. As such, the 

analytic plan of dietary intervention trials in children may want to include subgroup analyses 

stratified by age.

Self-selected dietary interventions have lower compliance than prepared meals and 

motivated parents can partner to encourage increased compliance in their children87. Trials 

of EEN for CD in adults have demonstrated poor efficacy and adherence88. In contrast, 

pediatric studies have repeatedly demonstrated the efficacy of EEN at inducing remission of 

active CD89. The difference in outcomes between children and adults may in part be due to 

stricter adherence enforced by parents in pediatric studies. Alternatively, it is possible that 

dietary interventions may be more effective in new onset disease.

Children with IBD often require lifelong immunosuppressive therapy, and the concern for 

possible adverse events such as infection and cancer often plays a role for families to seek 

out alternative therapies, including diet. Experimental dietary trials in children are important 

to develop improved therapies for disease in children, and this potential benefit must be 

balanced with ethical implications of studying an investigational therapy in a minor who 

enters into a trial with consent obtained by proxy from a parent or guardian. The child’s 

assent should be obtained if they are able to comprehend the relevant issues around their 

participation in a trial90.

Generalizability

The goal of all clinical trials is to generate new knowledge that can be applied broadly to 

patients who are representative of those included in the study. To date, many dietary 

intervention studies for patients with IBD have been conducted in a single center. The 

logistics of designing and implementing such trials make international studies very 

challenging.

Certain food products may not be available in all regions. It may be difficult to find 

specialized food products or adequate variety in smaller, rural markets. Additionally, similar 

food products in different regions or in different countries may not contain identical 

ingredients. Of course, cultural differences in food ingredients and food preparation must 

also be considered.

The majority of the exclusion diets that have been proposed for the treatment of IBD require 

significant restrictions and preparing food at home becomes essential. Use of more 

convenient, packaged foods becomes challenging and in most cases, is not allowed. 

Preparing food primarily or exclusively at home can be expensive and time consuming and 

may limit the generalizability of the dietary interventions. Utilization of pre-packaged fresh 

or frozen meals delivered to subjects at regular intervals is an approach that will ensure 

uniformity and may also increase compliance. Moreover, such approaches may be 

generalizable more broadly with increased availability of food delivery services. 
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Additionally, whether to provide the food to the subject alone or to the entire family will 

need to be considered and this may be especially relevant in pediatric trials.

Conclusions

CD and UC are chronic debilitating diseases for which there is no medical cure. Our 

currently available therapies target the downstream inflammatory process rather than the 

underlying stimulus of the disease, are not completely effective and are associated with 

substantial risks and side effects. Dietary patterns are associated with incidence of IBD and 

diet is the most readily modifiable of the likely environmental triggers, thereby representing 

an ideal therapeutic target. Formula-based diets have demonstrated efficacy in CD; however, 

these are generally impractical for long term management of CD and do not appear to be 

effective for UC. Furthermore, the mechanism of action of these diets is unclear. It is 

unknown whether the efficacy is driven by exclusion of select dietary components, increased 

delivery and/or absorption of other dietary components, both of these, or some other 

mechanism. The available data on less extreme restriction diets and some novel dietary 

supplements suggests potential therapeutic benefit, but further research is needed to define 

the optimal diet for patients with IBD. Conducting such research is challenging, but not 

beyond the reach of the IBD community. Nonetheless, it will likely require creating new 

models of research teams and adapting the commonly used study designs to address special 

challenges that are unique to dietary interventions. Ultimately, identification of dietary 

interventions that can improve the course of IBD could have immediate and long lasting 

impact on the management of these diseases.
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Figure 1. 
Categorization of diets

Lewis et al. Page 22

Inflamm Bowel Dis. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Common designs of dietary interventions. Diet can be modified by adding ingredients or 

components in the form of whole foods or supplements. Exclusion diets focus on exclusion 

of selected components of the usual diet. However, to sustain adequate caloric intake the 

excluded nutrients must be replaced with another nutrient source. A third option is to replace 

usual diet with formula based diets delivered either parenterally or enterally.
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Table 1

Dietary interventions considered potentially beneficial for patients with inflammatory bowel disease

Dietary intervention Intervention type

Exclusive enteral nutrition with a defined formula40 Modification of food + Exclusion

Partial enteral nutrition with a defined formula91 Modification of food + Exclusion

Specific carbohydrate diet30,92,93 Exclusion

Crohn’s disease exclusion diet13 Exclusion (sometimes combined with Modification of food)

Semi-vegetarian diet12 Exclusion

Low FODMAP diet94,95 Exclusion

Anti-inflammatory diet31 Exclusion

Mediterranean style diet71,96 Exclusion

Gluten free97 Exclusion

Additive free diet7,13,30,92,93 Exclusion

High fiber21 Supplementation

Omega-3 fatty acid supplements23,98 Supplementation

Vitamin D supplements24 Supplementation

Curcumin supplements27,28 Supplementation
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Table 2

Comparison of design features of dietary intervention and drug trials

Dietary intervention trials Drug trials

Patient population Often children Typically adults first and children studied only 
after efficacy established in adults

Inclusion and exclusion 
criteria

Often exclude underweight or malnourished; May exclude 
those whose usual diet is similar to intervention diet

Nutrition or usual diet rarely part of inclusion 
criteria

Common outcomes Disease activity, quality of life, anthropometric parameters Disease activity, quality of life

Concomitant medications Determined by study question May exclude certain medications to avoid 
excessive immunosuppression

Intervention Supplementation or exclusion of a dietary component Addition or withdrawal of a medication

Comparator Placebo if studying supplement; usual or standard diet if 
studying dietary pattern

Placebo or effective therapy

Randomization Essential Essential

Blinding Sometimes impossible Essential

Dose finding Uncommon Based on phase 1 and 2 trials

Sample size Based on minimally important difference Based on minimally important difference

Adherence measurement 24 hour recalls, food frequency questionnaires, food 
checklists, and or measurement of biomarkers

Pill counts, electronic monitoring, direct 
observation therapy

Analytic approach Intention to treat analysis, with or without additional per 
protocol analysis

Intention to treat analysis

Personnel May include plant scientists, food scientists, registered 
dietitians, educational experts, behavior interventionists

May include experts in pharmacodynamics 
and pharmacokinetic measurements
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