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Abstract
Background  The efficacy of highly restrictive dietary therapies such as exclusive enteral nutrition (EEN) in the 
induction of remission in Crohn’s disease (CD) are well established, however, ongoing issues exist with its poor 
palatability, restrictions, and adherence. The primary aim of this review is to evaluate the current evidence for the 
efficacy of exclusively solid food diets on the induction and maintenance of clinical and biochemical remission in CD. 
Secondary aims include impact on endoscopic healing and quality of life.

Methods  A systematic review of all randomised controlled trials (RCTs), open-label randomised trials and head-
to-head clinical trials assessing solid food diet intervention in patients with active or inactive Crohn’s disease was 
conducted. Studies included adult and paediatric patients with a verified disease activity index at baseline and 
follow up (Harvey Bradshaw Index, HBI; Crohn’s disease activity index, CDAI and paediatric CDAI, PCDAI). Additional 
secondary endpoints varied between studies, including endoscopic and biochemical responses, as well as quality of 
life measures. Two authors independently performed critical appraisals of the studies, including study selection and 
risk of bias assessments.

Results  14 studies were included for review, with several studies suggesting clinically significant findings. Clinical 
remission was achieved in a paediatric population undertaking the Mediterranean diet (MD) (moderate risk of bias). In 
adults, the Crohn’s disease exclusion diet (CDED) was comparable to the CDED with partial enteral nutrition (PEN) diet 
in induction of remission (moderate risk of bias). A low fermentable oligosaccharides, disaccharides, monosaccharides 
and polyols (FODMAP) diet was also shown to decrease symptoms in patients with quiescent or mildly active CD 
(high risk of bias), however, this was not corroborated by other low FODMAP diet studies.

Conclusions  There are promising outcomes for the MD and CDED in inducing clinical remission in mild to moderate 
CD. The results need to be interpreted with caution due to design limitations, including issues with combining 
outcomes among CD and UC patients, and small sample size. The current evidence for solid food dietary therapy in 
CD is limited by the lack of high quality studies and moderate to high bias. Future well designed studies are needed 
to confirm their efficacy.
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Background
The presumed pathogenesis of Crohn’s disease (CD) is 
the interplay between environmental factors and the 
gut microbiome in genetically predisposed individuals 
[1–4] that results in a dysregulated immune system and 
inflammation. Dietary factors are considered one of the 
most significant of these environmental factors, as these 
are key in shaping the composition and function of the 
gut microbiota [5, 6]. The rising prevalence and incidence 
of CD in Western countries, and more recently in previ-
ously low prevalence countries adopting a Westernised 
lifestyle, have coincided with significant shifts in diet [7, 
8]. These shifts have included a diet high in refined car-
bohydrates, sugars, and processed meat. This raises the 
possibility of diet as a causative factor in CD.

Current management of CD focuses on inducing short-
term remission and maintaining long-term remission 
with medical therapy. Disease activity is closely moni-
tored to ensure patients remain in remission, as it is now 
recognised that chronic activity leads to poor outcomes 
and complications. Monitoring methods include clini-
cal evaluation based on symptoms and validated clini-
cal indices, as well as objective inflammatory markers 
such as C-reactive protein (CRP) and faecal calprotectin 
(FCP). Imaging studies and endoscopy are used to con-
firm efficacy of therapies and disease remission.

Exclusive enteral nutrition (EEN) has been established 
as an alternative therapy to medications for inducing 
remission in CD. The efficacy of the EEN diet is well 
established for the treatment of established CD, spe-
cifically the induction of remission in those with active 
disease. It involves substituting all food with liquid for-
mulas. Guidelines recommend the use of EEN as a first-
line treatment in paediatric patients [9–11]. However, 
challenges exist due to its poor palatability, restrictive 
nature, low long-term tolerance, and compliance [12].

In addition, the role of diet as maintenance therapy 
for patients with inactive disease, either as an adjunct to 
medication or as monotherapy to prevent disease relapse, 
remains unknown. Stringent diets such as EEN are not 
a feasible option long term due to the limitations out-
lined around tolerability. Partial enteral nutrition (PEN), 
which involves 50% caloric intake from liquid formula 
and 50% from a restricted diet, has shown some promise 
in both inducing and maintaining remission in systemic 
meta-analyses [13, 14], although variability in outcomes 
remains a concern. PEN remains restrictive and long-
term tolerability is a problem. Less restrictive dietary 
therapies are needed, especially for those with inactive 
disease, if this is to become a viable maintenance therapy 
option [15].

Previous systematic reviews evaluating dietary inter-
ventions in CD have included both solid food diets with a 
liquid formula-based component, such as PEN and EEN. 

Since then, there is growing evidence for solid food diet 
therapies in managing symptoms in CD patients and as 
an adjunct to medical therapy [16–19], which can read-
ily be integrated into clinical practice for patients seek-
ing dietary guidance from their physician. It is important 
that this is grounded in high-quality evidence, particu-
larly given the prevalent misinformation that patients 
encounter.

In this review, we focus on solid food dietary therapy 
interventions, as a guide for gastroenterologists to draw 
on within their clinical practice. Our aims were to sys-
tematically review prospective randomised clinical tri-
als that compared solid food diets with a control diet or 
another dietary intervention, in the induction and/or 
maintenance of remission in CD; and to grade the quality 
of evidence.

Methods
This review was based on the Joanna Briggs Institute’s 
(JBI) framework for systematic reviews and written in 
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA).

Data sources and search strategy
A comprehensive database search of MEDLINE, 
EMBASE, Cochrane, ICTRP (WHO), ANZCTR, Clini-
calTrials.gov, MEDNAR and BMC was conducted on 11 
November 2023. Keywords and search strings relevant 
to the topic were searched under the fields “Article Title” 
and “Abstract”, and where possible, medical subject head-
ings (MeSH) were used. The following MeSH terms were 
included in the MEDLINE search: Crohn’s disease, diet, 
remission, and induction (see Appendix 1 for full search). 
The search strategy employed for MEDLINE was adapted 
for the other databases. References of key articles were 
examined to identify further relevant publications. There 
were no limitations placed on the time frame of included 
studies.

Study selection
Randomised controlled trials (RCTs) and prospective 
controlled trials involving solid oral diets were included. 
Head-to-head trials with no control were also included. 
Studies including PEN and EEN were only included if the 
comparator consisted of solid food diets. Adult and pae-
diatric patients were included, regardless of age, location, 
or disease remission status.

Studies included baseline and follow up validated clini-
cal disease indices, including Harvey Bradshaw Index 
(HBI), Crohn’s Disease Activity Index (CDAI), Inflam-
matory Bowel Disease Questionnaire (IBDQ) and Simple 
Endoscopic Score for Crohn’s Disease (SES-CD). There 
were no parameters set on publication date or language. 
Conference abstracts, opinion letters and editorials 
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were excluded due to limited information. Articles were 
excluded if oral diet modifications involved nutrient sup-
plementation, probiotics, liquid diets, or medical foods.

Title and abstract review
Two reviewers (JZ, NV) independently screened titles 
and abstracts for inclusion and retrieved relevant full-
text articles. Any disagreements between the two review-
ers were resolved by discussion with a third reviewer 
(ON). Multiple reports of the same study were collated 
and reported as a single study, as appropriate.

Data extraction
The following data were extracted from the included 
studies following the full-text review and documented 
into an Excel spreadsheet.

 	• Year of publication, country of study, study design.
 	• Participants: number and age of patients.
 	• Description of the control and intervention.
 	• Outcome measures, time points and results.

Extracted data was cross-checked by authors JZ and NV.

Critical appraisal
Included randomised and non-randomised controlled 
trials were critically appraised for risk of bias using the 
Cochrane Risk of Bias tool (RoB 2) [20]. Two reviewers 
(JZ, NV) independently conducted this appraisal and 
resolved any disagreements through discussion. Given 
the variability of study designs, total scores of included 
papers are intended as a relative judgement of method-
ological quality.

Results
Characteristics of eligible studies
The full search identified 530 records, of which 28 were 
selected for full-text review after title and abstract 
screening (Fig.  1: PRISMA flow diagram). Of these, 13 
were excluded due to insufficient information (abstracts 
or letters to editors), and five were excluded due to not 
strictly incorporating a solid food diet. Four further arti-
cles were identified on reference review of key articles. 
Ultimately, there were 14 studies [11 RCTs, two head-to-
head randomised trials, and one open label randomised 
trial] that met the inclusion criteria (Tables  1 and 2). 
Patients who completed the duration of intervention 
and adhered to treatment were included in the outcome. 
Patients who experienced a clinical relapse prior to the 
end of study duration were also included. Single arm 
studies were excluded given the lack of adequacy in dis-
tinguishing outcomes from the natural evolution of dis-
ease activity.

Dietary therapy in quiescent and mildly active Crohn’s 
disease
Maintenance of remission
There were six RCTs that evaluated the effect of dietary 
interventions in 777 adult patients in remission (or mildly 
active CD) as a maintenance therapy. The duration of 
intervention was highly variable between the studies, 
ranging from four weeks [21] to two years [22].

Three studies assessed the efficacy of a low FODMAP 
diet in quiescent or mildly active CD. Two of the studies 
compared a low FODMAP diet against a standard ‘con-
trol’ diet [17, 21], and one compared to the patient’s usual 
diet [23]. All included patients had co-existing IBS symp-
toms. One study included a homogenous population 
group of patients with inactive disease [17], the other 
two studies combined patients with inactive and mildly 
active disease at baseline [21, 23]. Disease activity was 
measured using the HBI. There was no difference in HBI 
score between the low FODMAP (3.2, SEM 0.4, n = 14) 
and control diet group within this study (3.4, SEM 0.5, 
n = 12) at four weeks (p = 0.814) [21]. A six-week study 
included patients with co-existing IBS like symptoms 
measured by the irritable bowel severity scoring system 
(IBS-SSS). No significant reduction in HBI was observed 
for those on a low FODMAP diet (median 3, IQR 1–5, 
n = 18) compared with those on the standard diet (median 
6, IQR 3–9, n = 17; p = 0.09). These findings are in contrast 
with a six-week RCT, in which the median HBI decreased 
significantly in the low FODMAP diet group (IQR 2–3, 
p = 0.024, n = 18) but not in the standard diet group (IQR 
2–4; p = 0.322, n = 17) [17]. The use of concomitant medi-
cation and the duration of stable dosage prior to study 
enrolment varied among the studies. One study enforced 
a stable dose of maintenance therapy with 5-aminosali-
cylic acid, azathioprine, or biologics [23], while in the 
other two studies [17, 21] this was not an inclusion cri-
teria. Duration of dietary therapies in all three studies 
was short (four to six weeks) especially when looking at 
patients with quiescent disease and risk of relapse.

Dietary therapy as a maintenance therapy was explored 
in multiple studies comparing other diets, with no signifi-
cant benefit seen in preventing relapse of CD [22, 24, 25]. 
A large RCT (n = 202) assessed the impact of a low meat 
diet on the risk of disease relapse and activity. Patients 
were in symptomatic remission (short Crohn’s dis-
ease activity index (sCDAI) < 150) and disease flare was 
defined as a sCDAI score increase by ≥ 70 and to > 150, 
or need for CD surgery, or new CD medication [24]. Par-
ticipants were assigned to either two servings per week 
(n = 115) or less than one serving per month (n = 87) of 
red meat for the duration of 49 weeks. There was no sig-
nificant difference in time to any (p = 0.61) or moderate-
severe (p = 0.50) relapse.
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A large study (n = 204) compared a low carbohydrate 
diet (LCD) with a control diet based on general dietary 
advice encouraging high fibre intake, over the course of 
12 months. A third arm was included of omega three cap-
sules but not reported in this review as this is not a solid 
food dietary intervention. The definition for relapse was 
a CDAI score increase by ≥ 60 and/or to > 200, as well as 
an increase of the C-reactive protein (CRP) by two stan-
dard deviations above the mean of the healthy population 

[25]. Patients in both arms received an eight-week course 
of low dose prednisolone at onset of the study. There 
was no difference in risk of relapse between the two diet 
strategies on an intention to treat (ITT), with nine and 
two patients from the intervention and control arm with-
drawing prematurely due to relapse, respectively. Addi-
tionally, only 15.9% were able to adhere to the LCD in its 
full at 12 months, and of the patients that did adhere, 53% 
of patients did not relapse.

Fig. 1  PRISMA flow diagram
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In another RCT (n = 352) with a long study duration of 
two years [22], a refined carbohydrate diet consisting of 
white flour, rice and unrestricted sugar intake was com-
pared with a natural unrefined carbohydrate diet. The 
latter avoided all products containing sugar or white 
flour and included wholegrains and legumes. The unre-
fined carbohydrate diet was based on a previously pub-
lished prospective Bristol cohort study [26], in which it 
appeared to improve the prognosis of patients with CD, 
decreasing the need for hospital treatment and surgery. 
In the current study, there was no difference in risk of 
relapse as assessed by clinical scores, stool frequency and 
need for surgery There were twenty patients (10.5%) who 
withdrew from the unrefined carbohydrate arm due to 
non-compliance, compared to four (2.5%) in the refined 
carbohydrate arm. Dropout rates were high, at over 50% 
by two years (178 patients of 352) either due to relapse, 
non-compliance, or other unknown reasons. It was 
unclear if earlier drop out was due to onset of symptoms 
or whether their condition deteriorated because of non-
compliance to the diet. At study conclusion, 66 (34.7%) 
patients were in remission as compared with 52 (32.1%), 
in the refined and unrefined carbohydrate diet, respec-
tively with no statistical difference. There was no change 
in inflammatory markers.

Impact of dietary therapy on quality of life
Quality of life was measured in one of the FODMAPs 
studies with the short inflammatory bowel disease ques-
tionnaire (SIDBQ) score. Results were a combined analy-
sis of CD and ulcerative colitis (UC) patients. Quality of 
life improved in the IBD group [17] with no sub-group 
analysis between UC and CD.

Dietary therapy in active Crohn’s disease
Induction of remission
There were seven RCTs which assessed the impact of 
solid food dietary therapy on induction of remission in 
active CD, two of which exclusively included children 
and/or adolescents [16, 27].

El Amrousy et al. conducted a 12-week study in 54 pae-
diatric CD patients with mild to moderate disease activ-
ity (paediatric Crohn’s disease activity index (PCDAI) 
10–45). All patients required a stable immunomodula-
tor and biologic dose for four and eight weeks prior to 
study entry, respectively. The MD group (n = 26) demon-
strated clinical remission in 14 patients compared to only 
eight patients in the habitual diet (n = 28; p = 0.04) after 
8 weeks of therapy. By week 12, clinical remission rates 
were higher in the MD group, supported by a lower mean 
PCDAI score (p = 0.02) [16]. Biochemical and inflamma-
tory markers including CRP and FCP were combined 
with UC rather than individually for the two IBD sub-
types of CD and UC.A
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A group of 14 paediatric patients with mild to moderate 
CD were randomised to one of three diets for the study 
duration of 12 weeks. These groups included the simple 
carbohydrate diet (SCD; excludes grains, milk, sugars and 
processed foods), the modified SCD diet (includes oats 
and rice) and a whole food diet (eliminates wheat, corn, 
sugar, milk and food additives) [27]. There were five, five 
and four patients respectively in each group. The ten 
patients who completed the study demonstrated clinical 
remission at week 12, with no obvious difference in the 
intention to treat (ITT) and per-protocol (PP) between 
the dietary arms of the study. However, tests of statisti-
cal significance were not undertaken due to small sample 
sizes and there was no control arm.

A study comparing a low IgG4 diet to a sham diet 
(n = 98) for a total of four weeks showed improved clinical 
remission rates. The intervention low IgG4 diet excluded 
foods based on the measurement of IgG4 titres to various 
food exposures, showing best improvement when exclud-
ing foods with the four highest IgG titres, namely milk, 
beef, pork, and eggs. The sham control diet excluded the 
four foods that correlated with the lowest IgG4 levels. 
No medication changes were allowed in the eight weeks 
leading up to the study. After four weeks of treatment, 
there was a statistically significant reduction in CDAI 
by a mean of 41 points in the treatment arm (p = 0.009) 
[28], as compared to the sham arm. There was no signifi-
cant difference in biochemical markers of inflammation, 
including CRP and FCP.

A 1985 study comparing low residue (fibre) diet to a 
standard diet over two years showed no significant rates 
of clinical remission, measured using CDAI, at the end of 
the study period [29]. Other disease outcomes included 
requirement for surgery or hospitalisation and new com-
plications, however there was insufficient data within the 
inactive group to draw any conclusions for these second-
ary outcomes. Compliance rates were not reported.

A small study of 14 patients with mild to moderately 
active CD (CDAI 150–220) randomised patients to two 
dietary interventions. The therapeutic arm had a com-
plex dietary intervention for six weeks with emphasis 
on farm sourced organic food (including red meat con-
sumption with specific oil and breads), comparing this 
to a low fat and high carbohydrate diet. After six weeks, 
disease activity was reduced in both groups with no sig-
nificant difference. Endoscopic healing was achieved in 
75% (three of four patients) of the active arm, compared 
to one of nine in the control (p = 0.027) [30].

The Crohn’s disease exclusion diet (CDED) (n = 21) with 
PEN was compared to CDED alone (n = 19) in adults with 
mild to moderately active CD. The CDED is a complex 
three phase diet that mandates five foods to be consumed 
daily to provide specific fibres, starches and protein while 
restricting animal and dairy food items along with wheat 

and processed foods. Participant selection was strin-
gent, resulting in a homogenous population. Inclusion 
criteria included clinical activity scores with an objec-
tive measure of inflammation (colonoscopy, imaging, 
or inflammatory marker elevation). This study showed 
comparable six-week clinical remission rates of 68% (13 
of 19 patients) in the CDED with PEN arm and 57% (12 
of 21 patients) in the CDED only arm (p = 0.462). [18]. 
Of those who responded at week six, 80% were in sus-
tained remission by week 24, with no difference between 
the two treatment arms. Baseline markers of inflamma-
tion were measured as secondary outcomes in all patients 
(585 ug/L for CDED with PEN, and 325 ug/L for CDED). 
By week 12, the calprotectin had reduced in both arms 
(median 104.1 for CDED with PEN and 97.3 for CDED, 
p = 0.599). A similar pattern was seen with CRP. There 
was no control diet in this study, but the CDED with PEN 
has previously been compared to EEN (gold standard 
dietary therapy in CD), with equal efficacy [31]. This was 
a small pilot study with favourable outcomes, but limited 
by sample size and was therefore underpowered.

A large head-to-head randomised study (n = 191) [32] 
compared the Specific Carbohydrate Diet (SCD) with 
the Mediterranean Diet (MD), in the DINE CD study in 
a refractory group of patients (> 60% had previously tri-
alled biologics) with long duration of disease (median 
of 10 years). The SCD eliminates all grains, sugars, pro-
cessed foods and restricts dairy to hard cheese and 
fermented yoghurt. On the other hand, the MD incor-
porates whole grain along with plant based and fibre 
foods, limiting red meat. The study was designed as 
a superiority study, hypothesizing that the SCD diet 
was superior. The primary end point was not met, as 
there was no significant difference in clinical remission 
rates between the two diets at week 6 (SCD 46.5%, MD 
43.5%, p = 0.77) as defined by a CDAI < 150). There was 
an improvement in disease activity as measured by the 
sCDAI, CDAI, and patient reported outcomes inclusive 
of quality of life, measured by the short inflammatory 
bowel disease questionnaire (sIBDQ), fatigue, sleep inter-
ference, pain, and social isolation (p < 0.02) in both arms. 
Biochemical markers were only available in a minority of 
patients. Those with an elevated calprotectin at baseline 
(36 patients), 33% had a reduction (to < 250 ug/L and a 
decrease of > 50% from baseline), but there was no differ-
ence in inflammatory markers between the MD and SCD 
arms. A lack of placebo or control group is a limitation in 
this study. Adherence was self-reported only, with rates 
of 68% and 64% at week 6, and 40% and 42% at week 12 in 
the SCD and MD arms.

Quality of life
Quality of life was measured using IBDQ in four studies, 
in which it was significantly improved in the intervention 
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group in three studies [28, 32, 33], one being a diet 
excluding foods with the highest IgG titres; the other 
being a diet high in fibre and low refined carbohydrate 
diets and the third, in both dietary treatment arms inclu-
sive of the SCD and MD. Degree of improvement in this 
third group was equally significant.

Endoscopic remission
Endoscopic remission was assessed in two studies with 
favourable outcomes. In the CDED and CDED + PEN 
study, endoscopic assessment using the SES-CD score 
was available in 29 of 44 patients at baseline [18]. Of 
these, 22 patients had paired colonoscopies from base-
line to week 24, and showed the median SES-CD reduced 
by a median of five points from baseline in all patients 
(p = 0.0025). There was no significant difference in the 
proportion of patients who achieved endoscopic remis-
sion between the two groups (p = 0.7047). The sec-
ond study assessing endoscopic response was strictly 
an organic food study with red meat [30], finding an 
improvement of intestinal lesions (p = 0.027) compared to 
the control group.

This review utilised the Cochrane RoB 2 tool [20] to 
evaluate the bias in judgement for all 14 included studies. 
Either a moderate or high degree of concern was noted 
overall, with bias across all domains, most notably in 
deviations from intended intervention and bias in mea-
surement of outcome (Fig. 2).

Discussion
This is the first systematic review to compare the clinical, 
biochemical, and endoscopic efficacy in solid food dietary 
therapies in inducing and maintaining clinical remis-
sion in CD, as well as the impact of solid food diets on 
quality of life. Previous systematic reviews that assessed 
dietary therapies in CD incorporated liquid diets and 
food substitutes, which are limited in their adaptability 
to long term therapy due to poor palatability, low adher-
ence and tolerance [6]. This review focuses exclusively 
on solid food diets to help the healthcare professional 
navigate one of the most frequently posed questions by 
patients with CD: “How can diet impact CD?” and “What 
should I eat?” It aims to provide the backbone for practi-
cal evidence-based dietary advice that can be offered in 
the consulting room to CD patients.

Quiescent or mildly active CD (maintenance therapy)
From the six studies of over 700 patients that assessed 
efficacy of solid food diets in adult patients with mild or 
quiescent CD [17, 21–25], only one low FODMAP diet 
showed better symptom control and an improvement in 
quality of life, although a combined outcome of CD and 
UC was reported [23].
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The low FODMAP diet is an attractive dietary therapy 
in CD due to its established success in irritable bowel 
syndrome [34], a common gastrointestinal condition 
which can have a similar symptom profile to CD. The 
role of the low FODMAP diet in CD has not been clearly 
established previously [35]. The positive findings from 
one of three studies reviewed are favourable but this 
was not confirmed with an improvement in the inflam-
matory markers. Given IBS is not uncommon in CD, it 

remains unclear if symptomatic benefit was due to ben-
efit to underlying co-existing IBS or CD activity. There 
are limitations in the heterogenous inclusion criteria 
within these studies, such as differing disease activities 
at baseline and concomitant medication use, in addition 
to the results being displayed as a combined end point 
for both CD and UC patients [21]. Sample size was small 
across all the studies (26 to 35 patients). Follow up time 
was also short in all studies (up to 3 months), especially 

Fig. 2  Risk of bias

 



Page 19 of 22Zhang et al. BMC Gastroenterology          (2024) 24:250 

when evaluating for risk of CD relapse. Future studies 
need to clearly define the study population, recruit larger 
cohorts, quantify co-existing IBS, and provide a longer 
follow up period.

The remaining three clinical studies assessing the effi-
cacy of dietary therapies in mild/inactive CD included 
a LCD (< 84 g per day) [25], a diet low in red meat (≤ 1 
serving per month) [21] and an unrefined carbohydrate 
diet [22]. Study duration was more favourable, rang-
ing from 49 weeks to 2 years, as was the sample size of 
the studies. Despite this, there was no significant benefit 
from these diets compared to the control arms in dis-
ease activity, relapse rates, biochemical markers of activ-
ity, or quality of life indices. The longer study duration in 
dietary therapy can be offset by diminished compliance 
to the diet with time and impact efficacy. This highlights 
one of the challenges of dietary clinical trials in a chronic 
disease, specifically when assessing its role as a mainte-
nance agent in preventing disease relapse. The duration 
of the study needs to be adequate to capture relapse of 
disease, but dietary compliance can drop off beyond 3 
months and should be taken into consideration, as dem-
onstrated in prior studies [16, 18, 27, 32].

The impact of dietary therapy was likely attenuated in 
two studies [21, 25] due to flaws in the study design. The 
low red meat diet limited the intake of red meat to two 
meals per week in the control arm. This is a likely change 
from the habitual diet in some participants, therefore 
introducing an intervention in the control arm. A true 
‘placebo’ arm is not possible in dietary therapy stud-
ies, but it is important to ensure that the control arm is 
close the participants’ habitual diet to prevent confound-
ing impact of any new dietary alteration. The LCD [25] 
enforced a low dose eight-week steroid course in all 
participants prior to study entry, which also may have 
attenuated any rates of relapse amongst both arms of the 
studies.

Clinically active CD (induction therapy)
Of the studies reviewed, promising results were found in 
the MD study that reduced disease activity in group of 
paediatric patients with mild to moderate disease activity 
[16]. The outcome lost statistical significance by week 12, 
possibly due to the small population size in this study. A 
smaller study of 14 paediatric patients noted high clini-
cal remission rates among all three intervention arms 
(SCD, modified SCD or wholefoods diet) after a strict 
SCD for all in the first 2 weeks, which unfortunately is 
a design flaw and confounds the other two diet arms. 
In addition, there was no true control arm to the study, 
therefore limiting the interpretation of the study com-
pared to a habitual diet. Response to a wholefood diet 
has been shown in a single arm pilot study in children 
(CD-TREAT), not reviewed here due to the single arm 

design [36]. Five children undertaking a whole food diet 
for 8 weeks demonstrated a reduction in disease activ-
ity (weighted PCDAI) (p = 0.005) and FCP, comparable 
to that found in children with newly diagnosed CD on 
EEN [37, 38]. Future well designed studies could provide 
promising outcomes are required to confirm the impact 
these dietary interventions.

In the adult population, favourable outcomes were seen 
in three studies, though the limitations in study design 
and subsequent validity of outcomes should be noted 
[18, 28, 32]. The DINE CD study compared two different 
dietary therapies – the SCD and MD, and although the 
primary end point was not achieved in assessing superi-
ority of SCD over MD, there was symptomatic response 
in disease activity (CDAI) in both dietary interventions 
over 40%. In the absence of a negative control diet, it is 
not possible to conclude a benefit over the patient’s usual 
diet. Additionally, the population included was heter-
ogenous and inclusion criteria mandated symptomatic 
CD based on the CDAI but entry level FCP levels were 
only minimally elevated in both arms (mean 107 ug/L 
in SCD and 40 ug/L in the MD arm). Within the subset 
of patients with elevated CRP and FCP at baseline, both 
MD and SCD failed to show improvement and not all 
patients had inflammatory markers reported.

A small pilot study assessing the CDED (29 adult 
patients), analysed a homogenous population with 
stricter entry criteria [18]. This did show favourable out-
comes but requires validation in a powered randomised 
controlled trial.

The low IgG4 diet showed significant improvement in 
clinical activity as measured by the CDAI compared to 
a control diet [28], though the clinical relevance could 
be debated given the difference of only 40 points. There 
was an improvement in quality of life in the interven-
tion group, but no significant difference in inflammatory 
markers or endoscopic score. There is conflicting evi-
dence in the literature regarding the link between IgG4 
levels and dietary modification. It has been postulated 
that food components in blood stimulate high IgG4 levels 
and that these in turn may play a role in the inflammatory 
pathways of IBD, though exact mechanisms are unclear 
[39]. A large retrospective database of 282 patients found 
an association of serum IgG4 and disease outcomes in 
patients with IBD was inconclusive [40]. Testing for IgG4 
against foods has now gone out of favour and is no longer 
recommended as a diagnostic tool [41] due to the dispro-
portionate false positives.

Methodology limitation in these studies included small 
sample sizes and high dropout rates due to dietary non-
compliance or progression of disease. Heterogenous 
entry criteria is noted in the range in disease activity at 
baseline, differing usage of concomitant medications, 
and interventions prior to the study commencement. A 
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true placebo arm in dietary studies is generally not fea-
sible, and some of the studies addressed this by compar-
ing 2 or 3 dietary interventions, though this limits the 
interpretability of the study. If no difference is noted, it 
could be due to equal effectiveness of both diets or a type 
2 error (i.e. concluding in error that there was no differ-
ence when one existed). In some studies, the control arm 
also had alterations to their diet, therefore introducing a 
confounding bias as a result of change from the patient’s 
baseline (habitual) diet. Study duration varied consider-
ably, from 4 weeks to 2 years. Duration of diet studies is 
contentious, as longer trials are required in a chronic dis-
ease such as CD to measure outcomes, but this usually 
comes at the cost of reduced compliance with the inter-
vention. Future dietary therapy studies need to address 
some of these limitations to improve reliability of results.

The microbiome has a pivotal role in the pathogenesis 
and inflammation in CD, and there is growing evidence 
for the impact of diet on both the composition and func-
tion of the microbiome [42–45]. An evolving concept is 
that of precision nutrition, which is focussed on inter-
individual variability in response to diet. It is likely that 
dietary intervention is more efficacious in some CD 
patients. Predictors of response include but are not lim-
ited to clinical patient factors, their microbiome and 
metabolomics, individual genetics [44] and various com-
ponents of food such as food additives. Efficacy of dietary 
therapy in a more severe phenotype of CD also warrants 
further exploration, as most studies to date focus on a 
milder disease phenotype.

The strengths of this study include the meticulous 
review of the literature in addressing the study ques-
tion and applying a structured methodology to assessing 
study bias. Only high-quality studies were included, with 
no observational studies due to the significant limita-
tions and bias in the latter. The limitations of this review 
include possible publication bias relating to inclusion of 
select data by studies, and therefore the increased likeli-
hood of including statistically significant studies. Our 
systematic review may underestimate the value of dietary 
therapy due to the innate differences in study design. This 
includes the lack of true placebo, difficulties in blinding 
dietary interventions, and lack of reliable tools to mea-
sure the variable adherence to the intended intervention.

The review offers a concise and practical summary of 
clinical trials assessing the efficacy of solid food dietary 
therapy in the induction of remission and use as mainte-
nance therapy for CD patients. Our findings aim to guide 
physicians in daily practice when consulting with patients 
on the role of diet as a therapy for patients with CD.

Conclusions
There are promising outcomes for the MD and CDED in 
inducing clinical remission in mild to moderate CD. The 
results need to be interpreted with caution due to design 
limitations, such as combining outcomes among CD 
and UC, and small sample size. Patient satisfaction with 
dietary therapies has shown adequate tolerability in the 
short to medium term. Overall, solid food dietary ther-
apy trials are limited by several methodological flaws and 
future well powered RCTs should be designed to over-
come these.
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