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Abstract
Background—Polymeric feeds have
shown variable eYcacy in active Crohn’s
disease (CD) with remission rates from
36% to 82%. Meta-analyses of elemental,
peptide, and whole protein feeds have
shown a strong negative correlation be-
tween remission rate in CD and the long
chain triglyceride (LCT) content of the
feed. We performed a randomised con-
trolled double blind trial in patients with
active CD comparing two single whole
protein feeds with LCT supplying 5% or
30% of the total energy.
Methods—Fifty four patients with active
CD (Crohn’s disease activity index
(CDAI) >200, serum C reactive protein
(CRP) 10 mg/l) were randomised to a high
or low LCT feed for three weeks. The total
amount of energy supplied by fat was
identical in the two feeds. Remission was
defined as a CDAI <150 and response as a
fall in CDAI of >70 or a CRP <10 mg/l.
Results—Overall remission rate by inten-
tion to treat was 26% for the low LCT feed
and 33% for the high LCT feed (p=0.38).
Response was achieved in 33% with the
low LCT and in 52% with the high LCT
feed (p=0.27). CRP <10 mg/l was achieved
in 30% in the low LCT and 33% in the high
LCT group (p=0.99). Thirty nine per cent
(21/54) of patients withdrew before three
weeks because of inability to tolerate the
diet. Excluding patients unable to tolerate
the diet, remission rates were 46% for low
LCT and 45% for high LCT (p=0.99).
Discussion—This trial has shown no dif-
ference in the eVect of low and high LCT
whole protein feeds in active CD. The pre-
viously reported correlation between LCT
content of diet and response in active CD
is unlikely to be due to LCT itself and may
be due to some other component of high
LCT feeds.
(Gut 2001;49:790–794)
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In active Crohn’s disease (CD), elemental
(amino acid based) diets have shown eVective-
ness equivalent to that of corticosteroids in
some studies, with remission rates of 80% or
more in compliant patients.1–3 Polypeptide and
polymeric (whole protein) diets are more
palatable than elemental feeds but trials have

shown very variable results with remission rates
of 36–82%.4–8

Fernández-Bañares et al first proposed that a
possible cause of the disparity in response to
diVerent enteral feeds may be diVerences in fat
content of the feeds.9 Two subsequent inde-
pendent meta-analyses have shown a striking
inverse correlation between remission rates in
active CD and the long chain triglyceride
(LCT) content of elemental or polymeric
feeds.10 11 This eVect was especially noticeable
when LCT contributed more than 15% of the
total energy of the feed. Further support for the
possible inflammatory eVects of LCT comes
from a study in pigs with an antiperistaltic ileal
segment which developed intestinal inflamma-
tion in response to high fat feeding.12 Other
animal studies have shown that LCT absorp-
tion is associated with enhanced lymphocyte
migration, upregulation of adhesion molecules,
and stimulation of lymphocyte function.13

We therefore conducted a two centre double
blind randomised controlled trial to compare
the eVect on active CD of two whole protein
liquid enteral feeds which diVered only in the
percentage of energy provided as LCT (5%
and 30%, respectively).

Methods
PATIENTS

With approval from the Liverpool and Cam-
bridge local ethics committees and informed
consent, patients with active CD were ran-
domised to receive either a high or low LCT
liquid diet as sole food intake for three weeks.
Inclusion criteria were age >18 years, CD
activity index (CDAI) >200,14 and serum C
reactive protein (CRP) >10 mg/l. Patients
receiving corticosteroids or 5-aminosalicylic
acid preparations had received a stable dose for
the previous four weeks and patients receiving
azathioprine had received a stable dose for
more than three months. Patients were in-
cluded if the corticosteroid dose was pred-
nisolone <10 mg/day or budesonide <6
mg/day, and the dose was kept constant for the
duration of the trial. Exclusion criteria in-
cluded: complications requiring surgery (ob-
struction or perforation), use of long term
corticosteroids for other diseases, pregnancy or

Abbreviations used in this paper: CD, Crohn’s
disease; LCT, long chain triglyceride; MCT, medium
chain triglyceride; CDAI, Crohn’s disease activity
index; HBI, Harvey Bradshaw index; VHAI, Van Hees
activity index; CRP, C reactive protein.
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lactation, solitary rectal CD, and any long term
medication for other diseases.

TRIAL PROTOCOL

Randomisation was conducted at each centre,
using randomisation tables, by a designated
pharmacist who had no other involvement in
the trial. Patients were stratified for concurrent
corticosteroid or immunosuppressive therapy,
severity (CDAI >250) and disease location
(ileum only, ileocolonic, colon only). Feeds
were taken by mouth but those unable to toler-
ate them orally could be fed via a nasogastric
tube. No other food or drink was allowed other
than water and up to two cups per day of black
decaVeinated coVee, tea, or herbal/non-citrus
fruit tea. A physical examination was per-
formed and laboratory and clinical indices
checked at days 0 (pretreatment), 7, 14, and
21. Patients whose CDAI fell by >70 points by
day 21 but had not achieved remission were
oVered a further seven days of feed.

FEEDS

Patients were randomised to receive a feed
containing either 5% or 30% of energy in the
form of LCT (Scientific Hospital Supplies,
Liverpool, UK) with the balance in total fat
made up by medium chain triglycerides
(MCT). The protein component of both feeds
was derived from casein and the MCT was
derived from fractionated coconut oil. The
LCT source was soyabean oil for the 5% LCT
feed and a blend of palm and canola oils for the
30% LCT feed. The fatty acid composition of
the feeds is shown in table 1. The two feeds
were flavoured with natural or nature identical
flavours (chocolate, strawberry, and vanilla)
with appropriate sweeteners and acidity regula-
tors. The two feeds were identical in colour,
packaging, carbohydrate, total fat, minerals,
trace elements, and vitamin content. Estima-
tion of the quantity of feed needed for each
patient was determined by standard meth-
ods.15 16

OUTCOME MEASURES

The primary outcome measure was remission,
as defined by a CDAI of <150 after three
weeks of therapy. Secondary outcome meas-
ures were reduction in CDAI of >70, a Harvey
Bradshaw index (HBI) of <4,17 reduction in

van Hees activity index (VHAI),18 CRP <10
mg/l, and improvement in inflammatory bowel
disease quality of life index score.19

TREATMENT FAILURES

Treatment failures were defined as a CDAI
>150 after three weeks on the feed. Patients
could withdraw from the trial if they could not
tolerate the feed or were unable to consume at
least 50% of their estimated daily energy
requirement for a week on two consecutive
weeks. The supervising physician could with-
draw the patient if clinically significant deterio-
ration occurred during the trial.

POWER CALCULATION

The initial plan was to recruit 52 patients in
each group to give 90% power of excluding a
significant diVerence (p<0.05) of 50% to 80%
response between the two diets.20 A halfway
blinded interim analysis showed no trend for
any diVerences between the two treatment
groups and the trial was therefore terminated
and the treatment codes broken.

STATISTICAL ANALYSIS

Data for response to feeds were analysed as
intention to treat and also as adjusted for with-
drawals due to inability to tolerate the feed.
Analysis of quantitative data between groups
was performed using t tests with the exception
of CRP where the Mann-Whitney U test was
used. Analysis of response rate between groups
was by ÷2 test.

Results
Fifty four patients were recruited in the two
centres: 24 from Liverpool and 30 from Cam-
bridge. Twenty seven patients each were
randomised to high and low LCT feeds (table
2). There were no significant diVerences
between groups in pretreatment CDAI, VHAI,

Table 1 Composition of feeds

Nutrient per 100 g 5% LCT 30% LCT

Energy per 100 g kJ (kcal) 1897 (452) 1897 452)
Protein equivalent (g) 18 18
Carbohydrate (g) 55.5 55.5
Fat (g) 17.5 17.5
Fibre Nil Nil
Fatty acid profile (%)

C6 0.1 <0.1
C8 51 9
C10 35 6
C12 0.1 0.2
C14 — —
C16:0 1.5 34.5
C16:1 — —
C18:0 0.5 4
C18:1 3.4 35.5
C18:2 (n6) 7.4 9.5
C18:3 (n3) 1 1.2

LCT, long chain triglyceride.

Table 2 Baseline characteristics of the patients in the low
and high long chain triglyceride (LCT) groups (mean
values)

Low LCT
(n=27)

High LCT
(n=27) p Value

Age (y) 36.9 35.6 0.71
CDAI 300 335 0.14
VHAI 175 188 0.25
HBI 8.9 11.2 0.03*
QOL score 123 112 0.27
Weight (kg) 60.9 64.2 0.44
BMI 21.5 22.3 0.56
Albumin (g/l) 36 34 0.17
Haemoglobin (g/dl) 12.1 12.0 0.85
CRP (mg/l) 52.7 52.8 0.99
ESR (mm/h) 37.4 42.7 0.49
WBC (×109/l) 8.7 9.5 0.39
Current smokers (n) 8 8
Drug therapy (n)

5-ASA 11 10
Steroids 6 4
Azathioprine 4 4

Site of disease (n)
Ileal 9 6
Ileocolonic 12 12
Colonic 6 9

CDAI, Crohn’s disease activity index; HBI, Harvey Bradshaw
index; VHAI, Van Hees activity index; QOL, quality of life;
BMI, body mass index; CRP, C reactive protein; ESR, erythro-
cyte sedimentation rate; WBC, white blood cells; 5-ASA,
5-aminosalicylic acid.
*Significant diVerence.
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or serum CRP but mean HBI was 8.9 in the
low LCT group versus 11.2 in the high LCT
group (p=0.03, t test). Overall results are
shown in tables 3 and 4.

CROHN’S DISEASE ACTIVITY INDEX

The primary end point of CDAI <150 was
achieved in 26% of the low LCT group and in
33% of the high LCT group (p=0.38, ÷2 test)

by intention to treat analysis. Response,
defined as a fall in CDAI of >70 points, was
achieved in 33% of the low LCT and 52% of
the high LCT group (p=0.27, ÷2 test). Exclud-
ing patients who withdrew from the trial due to
inability to tolerate the feed for three weeks,
remission rate was 46% in the low LCT and
45% in the high LCT group (p=0.99, ÷2 test)
and a fall in CDAI >70 points was seen in 46%
in the low LCT and 45% in the high LCT
group (p=0.99, ÷2 test). There was also no sig-
nificant diVerence in the mean fall in CDAI
between diets: mean (SD) fall in CDAI was 37
(81) in the low LCT group and 82 (121) in the
high LCT group (p=0.11, t test) (fig 1).
Excluding dropouts due to inability to tolerate
the feed, mean (SD) fall in CDAI was 42 (106)
points in the low LCT group compared with 96
(134) in the high LCT group (p=0.2, t test).

C REACTIVE PROTEIN

A serum CRP <10 mg/l was achieved in 30% of
the low LCT group and 33% of the high LCT
group by intention to treat analysis (p=0.99, ÷2

test) (fig 2). Excluding dropouts for non-
compliance, attainment of CRP <10 mg/l was
38% for the low LCT and 35% for the high
LCT diet (p=0.99, ÷2 test). There was no
significant correlation between CRP and CDAI
response (p=0.39, r=0.15).

Table 3 Response to low and high long chain triglyceride (LCT) feeds: intention to treat
analysis

Low LCT (%)
(n=27)

High LCT (%)
(n=27)

DiVerence (95% CI) in
% response (low−high) p Value

CDAI <150 7 (26) 9 (33) −7 (−37,21) 0.77
CDAI fall >70 9 (33) 14 (52) −19 (−48,11) 0.27
HBI <4 8 (30) 10 (37) −7 (−36,21) 0.77
CRP <10 mg/l 8 (30) 9 (33) −3 (−32,25) 0.99

CDAI, Crohn’s disease activity index; HBI, Harvey Bradshaw index; CRP, C reactive protein.

Table 4 Response to low and high long chain triglyceride (LCT) feeds: excluding patients
who were not able to tolerate the feeds

Low LCT (%)
(n=13)

High LCT (%)
(n=20)

DiVerence (95% CI) in %
response (low−high) p Value

CDAI <150 6 (46) 9 (45) 1 (−37, 41) 0.99
CDAI fall >70 6 (46) 9 (45) 1 (−37, 41) 0.99
HBI <4 6 (46) 9 (45) 1 (−37, 41) 0.99
CRP <10 mg/l 5 (38) 7 (35) 3 (−34, 41) 0.99

CDAI, Crohn’s disease activity index; HBI, Harvey Bradshaw index; CRP, C reactive protein.

Figure 1 Individual patient Crohn’s disease activity index
(CDAI) response to low (A) and high (B) long chain
triglyceride containing polymeric feeds.
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Figure 2 Individual patient serum C reactive protein
(CRP) response to low (A) and high (B) long chain
triglyceride containing polymeric feeds.
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HARVEY BRADSHAW INDEX

Remission defined as a HBI of <4 was achieved
in 30% of the low LCT diet group and in 37%
of the high LCT group by intention to treat
analysis (p=0.77, ÷2 test). Excluding dropouts
for non-compliance, the remission rate was
46% for the low LCT and 45% for high LCT
diet (p=0.99, ÷2 test).

VAN HEES ACTIVITY INDEX

There was no significant diVerence in response
measured by VHAI with a mean (SD) fall of 26
(30) points in the low LCT group and 17 (21)
in the high LCT group (p=0.54, t test).
Excluding dropouts for non-compliance, the
mean (SD) fall was 25 (26) in the low LCT
group and 20 (18) in the high LCT group
(p=0.39, t test).

INFLAMMATORY BOWEL DISEASE QUALITY OF LIFE

INDEX

There was no significant diVerence in the mean
improvement in inflammatory bowel disease
quality of life score with a mean (SD) improve-
ment of 18 (25) points in the low LCT group
and 22 (44) points in the high LCT group
(p=0.6, t test).

WITHDRAWALS

Overall 27 of the 54 patients (50%) withdrew
before completing three weeks of treatment.
Twenty one of the 54 patients (39%) withdrew
from the trial due to inability to tolerate the
feed because of unpalatability or inability to
consume at least 50% of their estimated daily
energy requirement for a week on two consecu-
tive weeks. Of the remainder, 12 of the 13 low
LCT group patients and 15 of the 20 high
LCT group patients received at least 80% of
their estimated energy requirement over the
duration of the study (p=0.36). Five of the six
patients who did not receive 80% of their
energy requirements (one low LCT and four
high LCT) failed to achieve remission (CDAI
<150). There were more withdrawals due to
compliance problems in the low LCT group
(14 patients) than in the high LCT group
(seven patients) (p=0.09). Six patients (11%)
were withdrawn before they had completed
three weeks of dietary therapy because of deter-
ioration in their clinical condition.

Discussion
This randomised controlled trial has failed to
show any diVerence in the response of active
CD to whole protein feeds that have a high
compared with a low content of long chain
triglyceride. This is in agreement with a small
trial of high versus low medium chain triglycer-
ide containing feed in adolescents with CD
which showed no diVerence in response rate
between the two feeds.21 The overall remission
rate of 45–46% for patients who were able to
tolerate liquid feeding is lower than in some
trials of whole protein feeding which showed
remission rates of approximately 70–80%4–6 8

although one trial showed a lower response rate
at 36%.5 The cause of the lower than expected
response rate is not clear; however, it is

noteworthy that the two feeds used in this trial
had not been previously evaluated in active
CD.

The cause of the previously reported inverse
correlation between LCT content of enteral
feeds and response rate in CD remains unclear.
It is possible that the source of fat in the feed is
a factor which determines response. The fat in
the two diets examined in this trial were from
soyabean, palm, and canola oil sources whereas
other feeds have used olive oil8 and saZower oil
sources.2 Studies in mice have shown that the
source of dietary lipids can aVect the cytokine
response to bacterial lipopolysaccharide, coco-
nut oil and fish oil sources lowering proinflam-
matory cytokines compared with saZower oil
containing feeds.22 A single trial has shown that
fish oils may reduce the risk of relapse in CD,23

although an earlier study failed to show this
eVect.24 Fish oils are rich in n-3 fatty acids
which can suppress the synthesis of interleukin
1â, interleukin 1á, and tumour necrosis factor
á.25

Linoleic acid content has been suggested as a
factor determining the eYcacy of enteral nutri-
tion in active CD with higher linoleic acid con-
tent being associated with a poorer response.9

Linoleic acid is a precursor for proinflamma-
tory eicosanoids such as leukotriene B4 and
animal studies have suggested that low fat diets
can induce immunomodulatory changes.26 It
has been speculated that low availability of
linoleic acid in the diet reduces substrate avail-
ability for the production of such proinflamma-
tory eicosanoids.9 13 However, the two feeds
studied in the present trial both had low
linoleic acid content.

If the previously documented inverse corre-
lation between LCT content and response is
not due to the LCT itself, then possibly some
other component associated with a high LCT
content could be to blame. Possibilities include
emulsifiers and stabilisers that are particularly
likely to be present in feeds that are “ready
made” rather than in powder form.

Further trials should be performed to assess
the possible eVects of the source of fat, stabilis-
ers, emulsifiers, or detergents on the eYcacy of
enteral feeds in active CD.
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