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SUMMARY

Background
Although thiopurines have a proven role in maintenance therapy for
Crohn’s disease, an alternative therapy is needed for patients intolerant
or resistant to thiopurines.

Aim
To evaluate the effectiveness of home enteral nutrition as a mainten-
ance therapy regimen in which half of the daily calorie requirement is
provided by an elemental diet and the remaining half by a free diet. We
refer to this home enteral nutrition therapy as ‘half elemental diet’.

Methods
Between 2002 and 2005, 51 patients in remission from two hospitals
were randomly assigned to a half elemental diet group (n ¼ 26) or a
free diet group (n ¼ 25). The primary outcome measure of this study
was the occurrence of relapse over the 2-year period.

Results
The relapse rate in the half elemental diet group was significantly lower
[34.6% vs. 64.0%; multivariate hazard ratio 0.40 (95% CI: 0.16–0.98)]
than that in the free diet group after a mean follow-up of 11.9 months.
Compliance was similar in the two groups. No adverse event occurred
in any of the patients throughout the study.

Conclusion
This randomized-controlled trial shows the effectiveness of an half
elemental diet, which is a promising maintenance therapy for Crohn’s
disease patients.

Aliment Pharmacol Ther 24, 1333–1340

Alimentary Pharmacology & Therapeutics

ª 2006 The Authors 1333

Journal compilation ª 2006 Blackwell Publishing Ltd

doi:10.1111/j.1365-2036.2006.03120.x



INTRODUCTION

Crohn’s disease (CD) is a chronic inflammatory bowel
disorder, and no curative therapy for it has been
established yet. Thus, the goal of treatment was to
maintain the patients in remission for as long as poss-
ible after this has been induced. Although corticoster-
oids and sulfasalazine have long been used to induce
remission, these drugs have little effect in preventing a
relapse of CD.1–4 In Western countries, the effective-
ness of immunosuppressive agents, such as aza-
thioprine or mercaptopurine (6-mercaptopurine) as
maintenance therapy has been reported, but they may
increase the risk of malignancy, severe opportunistic
infection and bone marrow or liver toxicity.5–14 There
is a considerable number of patients intolerant or
resistant to these drugs and for them an alternative
effective maintenance therapy is needed.5–9

Dietary therapy has played an important role in
the treatment of CD patients both to induce remis-
sion and to sustain it. Using an elemental diet (ED),
home enteral nutrition (HEN) has become an effect-
ive maintenance therapy with long-term safety.15

HEN therapy usually consists of nocturnal ED
administration through a self-inserted feeding tube
and daytime intake of low-residue and low-fat
food.15

Matsueda et al., in a study involving 410 patients
with CD, reported that both the cumulative remission
rate and non-hospitalization rate in the HEN group
were significantly higher than those in the drug-trea-
ted group.15 Another study involving 84 patients with
CD by Hirakawa et al. showed that the cumulative
continuous remission rate after 4 years was 63% in
the group receiving HEN, 66% in the group receiving
HEN and drugs, 0% in the group receiving drugs and
0% in the group receiving no maintenance therapy,
demonstrating that HEN effectively contributed to the
maintenance of remission in CD.16 Verma et al.
showed that oral supplementation of ED in addition to
a normal diet was effective to maintain remission in
39 patients with CD.17

The main limitations of these previous studies were
that: (i) none of them was a randomized-controlled
trial and (ii), as they did not determine the amount of
regular calories from ED and diet, there was consider-
able variation in calories intake among individual
cases. The effectiveness of ED as maintenance therapy
for CD patients should be evaluated by well-designed
randomized-controlled trials.

In this study, we examined the effectiveness of ‘half
ED’, in which the patients took half of their daily calo-
ries by ED and the remaining half by usual meals. The
patients could choose the route of ED administration,
i.e. through a feeding tube and/or oral intake at any
time they preferred. This half ED could possibly
enhance the quality of life of patients with CD and
improve long-term compliance. The aim of this study
was to investigate the effectiveness of half ED as
maintenance therapy for CD patients.

SUBJECTS AND METHODS

Inclusion and exclusion

Crohn’s disease patients were eligible for the study if
they had just undergone induction of remission
through one of the four methods described below.
According to several previous reports, remission was
defined as a Crohn’s Disease Activity Index (CDAI)
lower than 150.2, 18–21

Patients

From December 2002 to June 2005, patients were
recruited from two clinical centres in Sendai, Japan;
Department of Gastroenterology of Tohoku University
Hospital, and Sendai Medical Centre.
Patients had been diagnosed as having CD clinically,

endoscopically, radiologically and/or histologically, i.e.
they fulfilled the diagnostic criteria for CD as defined
by the Ministry of Health, Labour and Welfare of
Japan.22 Remission had just been induced by one of
the four commonly employed methods, plus surgical
intervention when necessary: administration of total
elemental enteral nutrition (1800–2100 kcal/day)
through a feeding tube and/or oral intake for
6–8 weeks; total parenteral nutrition (1500–2100 kcal/
day) for 6–8 weeks; oral or intravenous administration
of prednisolone, starting with 40 mg/day, then tapered
down and off every 2 weeks by 5–10 mg; or 5 mg/kg
intravenous infusion of infliximab at weeks 0, 2 and
6.18 Additionally, they had received proper guidance
regarding eating by nutritionists or medical doctors at
least once so as to calculate their daily calorie intake
of diet composition using semi-weighed food diaries
by themselves.
After total enteral or parenteral nutrition, the clin-

ical course of the patients was monitored during 7
consecutive days from the start of oral intake of
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normal diet and assessed using the CDAI.19 In the case
of patients treated with prednisolone or infliximab, the
clinical course from the day when the dose had just
been tapered down to 20 mg/day, or the day 14 after
the third injection, was evaluated in the same way.
All participants were instructed to take mesalazine

(2250–3000 mg/day/p.o.) after allocation to one of the
groups since the guidelines of treatment for CD estab-
lished by the Ministry of Health, Labour and Welfare
of Japan recommend this medication as a primary
treatment and most CD patients receive it continuously
today. Some of them had taken azathioprine (50 mg/
day/p.o.) before the study, and were permitted to con-
tinue taking the medication throughout the study. This
dose of azathioprine is far below the one recommen-
ded in Western countries but has been reported to be
effective and safe for the maintenance of remission in
the Japanese population.23 All other drugs associated
with specific treatment for CD were prohibited from
the time of the induction of remission until the end of
the study.

Randomization

Information on eligibility was sent to a randomization
centre, Division of Epidemiology, Department of Public
Health and Forensic Medicine, Tohoku University
Graduate School of Medicine, via facsimile. Then, the
eligible patients were numbered and the registration
numbers were returned to the doctors in charge.
Eligible patients were randomly assigned to either

the half ED group or the free diet group. Randomized
allocation was performed independently of the two
clinical centres by the randomization centre. A block
randomization (block size ¼ 10) was made with a ran-
dom number table, and it was stratified into three
groups according to the frequency of relapse, i.e. that
of the inductive therapy the patients had received:
<0.5 time/year (low frequency), not <0.5 time/year
(high frequency) from the onset until recruitment, or
the first attack.

Half ED group and free diet group

Participants allocated to the half ED group were
required to take half the amount of their daily allow-
ance of calories by ED and the remaining half by
usual unrestricted meals. The dosage for the half ED
group per day was 900–1200 kcal (240–320 g as pow-
der, 900–1200 mL as solution in water, 3–4 sachets) of

Elental (AJINOMOTO PHARMA Co., Tokyo, Japan)
through a self-inserted tube and/or by oral intake
whenever they liked. Details of the composition of
Elental are shown in Table 1. When part or all of the
ED was administered through a feeding tube, this was
given at a constant speed of <100 mL/h set using an
electronic feeding pump. The participants allocated to
the free diet group took all nutrients via their usual
unrestricted meals. The daily calorie intake provided
by usual meals was calculated using semi-weighed
food diaries by the patients themselves in both groups.
The energy requirements of individual patients were
calculated as 35–40 kcal/kg ideal body weight/day.

Outcome

The primary outcome measure of this study was the
occurrence of relapse over the 2-year period. Relapse
was defined as either a CDAI score of more than 200,
or the need for therapy to induce remission.

Follow-up

The patients were instructed to visit the clinics at least
once in every 3 months. At these visits, data were col-
lected from medical charts in which the parameters
used to calculate the CDAI were entered by the
patients themselves everyday. For example, the occur-
rence of liquid or very soft stools, daily abdominal
pain, general well-being, episodes of fever, body
weight, taking antidiarrhoeal drugs and any other
symptoms, and the results of laboratory tests per-
formed at each visit were recorded. To maintain the
blinding of the principal investigators at each site, the
results of the laboratory tests and the CDAI were
reviewed by co-investigators who had no contact with
the patients, and these results were reported in a sep-
arate case report form. Patients in the half ED group
who could not continue taking more than 900 kcal/
day for 2 days or those in the free diet group who
took any amount of ED after the allocation were
defined as having dropped out from the protocol,
which was based on the reports by the patients them-
selves. They had been left uninformed about the defi-
nition for the blinding.

Ethics

Written informed consent was obtained from all par-
ticipants prior to their registration. The protocol of
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this trial was approved by the ethics committee of
Tohoku University Hospital and that of Sendai
Medical Centre.

Statistical analysis

Sixty-five subjects were estimated as required in each
group for the study to provide at least 90% power to
detect a 20% or greater difference in the relative risk
of the primary outcome (at 2P ¼ 0.05) between the
two groups. This assumes a 25% or more annual
relapse rate among participants assigned to the free
diet group. This event rate is based on data from a ret-
rospective follow-up study of patients with CD carried
out at Tohoku University Hospital.
Baseline characteristics were compared between the

two groups using the chi-squared test and Student’s
t-test as appropriate. Probabilities of relapse were
compared by the Kaplan–Meier method and the Cox
proportional hazards model was used to adjust for
potential confounders for comparison between the two
groups. The data were analysed according to an inten-
tion-to-treat basis including all patients randomly
assigned to the two groups.
Interim analyses were scheduled once in a year by

an independent data and safety monitoring board after
the start of the enrolment. The interim analysis was
based on a comparison of the relapse rate in the two
groups. Stopping boundaries were designed to allow
termination of the study for safety of the patients if a
significant difference (P < 0.05) in the relapse rate was
found between them.
Analyses were performed using SAS statistical soft-

ware version 9.1 (SAS Institute, Cary, NC, USA).

RESULTS

The data and safety monitoring board recommended at
the first interim analysis that interim analyses be con-
ducted semiannually after that because a nearly signi-
ficant difference in the relapse rate was found between
the two groups. At the fourth analysis, after 51
patients had been assigned, the trial was stopped
because the relapse rate in the half ED group was sig-
nificantly lower than that in the free diet group. The
analysis includes the seven non-relapsing patients who
had been followed up for more than 24 months
(25–28 months, mean 25.9). The follow-up of all the
non-relapsing patients was discontinued when the trial
was terminated, i.e. on 30 June 2005.

Table 1. Composition of Elental

Per 100 g

Total 100 g (375 kcal)
Amino acids 17.6 g (66 kcal)
Carbohydrate (dextrin) 79.3 g (304 kcal)
Lipid (soybean oil) 0.60 g (5 kcal)
Vitamin A 810 IU
Vitamin D 64.0 IU
Vitamin B1 0.24 mg
Vitamin B2 0.25 mg
Vitamin B6 0.33 mg
Niacin 2.78 mg
Pantotenic acid 1.38 mg
Folic acid 55 lg
Vitamin B12 0.88 lg
Vitamin C 9.75 mg
Vitamin K 11.3 lg
Vitamin E 4.13 IU
Biotin 48.8 lg
Choline 10.7 mg
Na 325 mg
K 272 mg
Cl 646 mg
Mg 50.0 mg
Ca 197 mg
P 152 mg
Fe 2.25 mg
I 19.0 lg
Mn 375 lg
Cu 250 lg
Zn 2.25 mg
Amino acids (g)

L-Isoleucine 0.80
L-Leucine 1.12
L-Lysine
Hydrochloride 1.11
L-Methionine 0.81
L-Phenylalanine 1.09
L-Threonine 0.65
L-Tryptophan 0.19
L-Valine 0.88
L-Histidine
Monohydrochloride
Monohydrate 0.63
L-Arginine
Hydrochloride 1.41
L-Alanine 1.12
MgÆK
L-Aspartate 1.30
NaÆL-Aspartate
Monohydrate 1.08
L-Glutamine 2.42
Glycine 0.63
L-Proline 0.79
L-Serine 1.45
L-Tyrosine 0.14
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Baseline characteristics of the study patients

Of the 82 patients enrolled, 26 were excluded because
the CDAI did not decrease to <150 after the induction
treatment. Five patients refused to participate, and 51
patients who matched the study criteria were rando-
mized to either group: 26 patients to the half ED
group, and 25 to the free diet group.
Forty-seven patients (92.2%) who had been induced

by total enteral or parenteral nutrition prior to entry
were in-patients and the other four were out-patients
at the start of this trial. Five patients (one in the half
ED group and four in the free diet group) in the two
groups had undergone surgery as part of the induction
of remission before entering the maintenance trial.
Fourteen patients (five in the half ED group and nine
in the free diet group) were malnourished, namely,
had a body mass index lower than 18 at the start of
the trial. Demographic and other baseline characteris-
tics were similar in the two study groups (Table 2).
All patients could be followed up and continued to

take mesalazine throughout the study. Six of them in
the two groups had taken azathioprine before the
study, and all of them could also continue taking the
medication throughout the study. Five of the 26

patients (19.2%) in the half ED group chose to receive
part or all of their ED via a self-inserted nasogastric
tube and did so throughout the study. All of them
could insert their tubes by themselves and there was
no need of any invasive treatment, such as percutane-
ous endoscopic gastrostomy, for them.
The mean overall follow-up was 11.9 (1–28 months,

s.d.: 7.7) months. Six patients in the half ED group
discontinued ED (two patients at month 1 and one
each at months 2, 4, 6 and 7), and five in the free diet
group used some amount of ED (two patients at month
0 and one each at months 1, 3 and 5). The trial profile
is illustrated in Figure 1.

Primary outcome

Figure 2 shows the Kaplan–Meier estimates of the
relapse rates for the two groups. The cumulative prob-
ability of relapse was significantly lower in the half
ED group: nine patients (34.6%) in the half ED group,
and 16 patients (64.0%) in the free diet group suffered
relapses. Two of the six patients who had stopped the
therapy halfway through the trial in the half ED group
and three of the five patients who had discontinued
the free diet suffered a relapse. The multivariate

Table 2. Baseline characteris-
tics of the study patients

Characteristics Half ED (n ¼ 26) Free diet (n ¼ 25) P-value

Men 20 17 0.48
Mean age (s.d.; years) 30.8 (11.1) 28.9 (8.1) 0.49
Mean body mass index (s.d.) 20.1 (3.1) 20.0 (3.6) 0.85
Duration of disease (s.d.; years) 4.1 (4.2) 5.6 (6.5) 0.32
Disease site
Small bowel only 8 7 0.50
Colon only 3 6
Both 15 12

Perianal lesions 12 10 0.66
Previous gut operation 11 11 0.90
Frequency of relapse
High (not <0.5/year) 10 9 0.98
Low (<0.5/year) 7 7
First attack 9 9

Administration of azathioprine 2 4 0.42
Inductive therapy (+surgery)
Total enteral nutrition 12 (0) 10 (3) 0.67
Total parenteral nutrition 12 (1) 13 (1)
Administration of prednisolone 0 (0) 1 (0)
Administration of infliximab 2 (0) 1 (0)

Mean CDAI (s.d.) 101.8 (34.1) 86.4 (31.3) 0.10

ED, elemental diet; CDAI, Crohn’s Disease Activity Index.
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hazard ratio determined by the Cox proportional
hazards model was 0.40 [95% confidence interval (CI):
0.16–0.98] after adjusting for age, sex, duration of the
disease, disease site and mean CDAI at baseline
(Table 3).
When the CDAI scores in all but three relapsing

cases exceeded 200, they required inductive therapies.
There were no significant differences in change of the
calorie intake and weight of the patients between the
two groups throughout the study.

Adverse events

Throughout the study, no adverse events, such as
severe symptoms because of an excessive calorie
intake, high osmotic pressure diarrhoea caused by ED,
or instrumental trouble related to the feeding tube in
the half ED group, occurred in any patient.

DISCUSSION

In the present study, the frequency of relapse was sig-
nificantly lower in the half ED group than in the free
diet group. The effectiveness of HEN in lieu of food
intake as a maintenance therapy for CD has been
noted in several studies, and ED has also been reported
to be effective as a primary therapy for active

82 patients enrolled

Five refused to participate
26 excluded (not less than 150 in CDAI)

51 randomized

Six discontinued half ED Five discontinued free diet

26 allocated to half ED 25 allocated to free diet

26 included in analysis 25 included in analysis Figure 1. Trial profile.
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Figure 2. Relapse rate by group.

Table 3. Hazard ratios and their 95% CIs of occurrence of
relapse in each treatment group

Treatment

Half ED Free diet

Number of cases 9 16
Age- and sex-adjusted
HR (95% CI)

0.36 (0.15–0.83) 1.00 (referent)

Multivariate HR (95% CI)* 0.40 (0.16–0.98) 1.00 (referent)

HR, hazard ratio; CI, confidence interval; ED, elemental diet.
* Adjusted for age, sex, duration of disease, disease site and
mean CDAI at baseline.
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CD.15–17, 24–26 In most trials underwent in Western
countries, enteral nutrition showed in adult patients
with active disease a response rate similar or slightly
inferior to the response to corticosteroids obtained in
adults with a lower compliance; and polymeric formu-
las were as effective as elemental formulas.26–29 The
response rates are better in children.30 There is a high
relapse rate, however, and maintenance therapy is
greatly limited by adherence to therapy.30 The present
randomized-controlled trial has demonstrated the
effectiveness of half ED as maintenance therapy for
the first time. Some CD patients intolerant or resistant
to thiopurines can benefit greatly from the results of
this trial.
One of the characteristics of this trial was that

patients in the half ED group were required to take
half their daily allowance of calories by ED and the
remaining half by usual unrestricted meals. The
detailed mechanism by which half ED maintains
patients with CD in remission remains unknown. One
possible explanation is the response related to the low
content of lipids in the diet. The fat profile of the feed
was proposed to reduce proinflammatory eicosanoid
synthesis and modify disease activity.31 Because Elen-
tal contains indeed only marginal amounts of lipids,
the overall lipid intake could be less in the half ED
group. Apart from this factor, reduced antigenic load,
nutritional benefits, the supply of trophic amino acids,
modification of the gut flora, intestinal permeability,
faecal pH and bowel rest, among others, have been
proposed as potential factors contributing to the main-
tenance of remission.31, 32

At the fourth interim data analysis, the trial was
stopped for safety of the patients because a significant
difference in the relapse rate was found between the
two groups, in spite of the smaller number of study
patients than we had assumed prior to the start of the
trial. However, there seemed to be little possibility that
a type I error had occurred in these analyses because
the difference in the relapse rate between the two
groups had kept on being larger each time, which was
also shown by the Kaplan–Meier method.
In the present study, relapse of CD was defined as

a CDAI of more than 200, or the need for therapy to

induce remission, based on the data from a retro-
spective follow-up study of patients carried out at
Tohoku University Hospital. This definition indeed
seemed to be clinically practical as the CDAI in most
of the cases who required inductive therapies excee-
ded 200 in this study. In a previous report, relapse
was defined as a CDAI of more than 250, a CDAI
between 150 and 250 during 3 consecutive weeks
with an increase of at least 75 points above the
baseline value, and/or the need of surgery for CD.33

The definition of relapse in the present study inclu-
ded even transient increases of the CDAI that resul-
ted from causes other than ‘real’ relapse, such as
intestinal infection. However, given the actual clin-
ical course, such a definition was certainly appropri-
ate. The results of the current study showed that
patients with CD administered half ED were clinically
stable with a CDAI under 200 and were unlikely to
have flare-ups.
In the present study, the compliance demonstrated

in the half ED group was similar to that of the free
diet group and there was no adverse event in the half
ED group, which itself was noteworthy as a mainten-
ance therapy for CD.
The purpose of this study was to evaluate the effect-

iveness of half ED itself as maintenance therapy for
CD patients, not to assess the nutritional status of the
patients. Thus, this was not examined in detail, for
example, vitamins, trace elements, which was a limita-
tion of this study. In the present study, only four
patients of the 51 (7.8%) had achieved remission by
drug therapy prior to entering the maintenance trial
although the CDAI was lower than 150 in all the 51
patients at the start of the trial. This was also a limita-
tion of this study.
In conclusion, this trial has shown the effectiveness

of half ED, which can be a promising maintenance
therapy for CD, especially in some patients intolerant
or resistant to immunosuppressive agents.
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