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Abstract
Background—Malnutrition and growth
retardation are common complications of
Crohn’s disease in children. The contribu-
tion of resting energy expenditure (REE)
to malnutrition is unclear.
Aims—To characterise the REE and body
composition in children with Crohn’s dis-
ease and compare them with normal con-
trols and patients with anorexia nervosa;
to compare the eVects of prednisolone and
enteral nutrition on energy expenditure
and body composition.
Subjects—Twenty four children with
Crohn’s disease, 19 malnourished females
with anorexia nervosa, and 22 healthy
control subjects were studied.
Methods—In children with Crohn’s dis-
ease measurements were done when the
disease was acute and repeated at one and
three months after treatment with either
prednisolone or enteral nutrition. Resting
energy expenditure was measured by
indirect calorimetry and body composi-
tion by anthropometry, bioelectrical im-
pedance analysis, total body potassium,
H2

18O, and bromide space studies.
Results—Body weight and ideal body
weight were significantly lower in patients
with Crohn’s disease than in healthy
controls. Lean tissue was depleted and
there was an increase in extracellular
water. Per unit of lean body mass, there
was no diVerence between REE in patients
with Crohn’s disease and controls,
whereas patients with anorexia nervosa
had significantly reduced REE. With en-
teral nutrition all body compartments and
REE increased significantly (p<0.001). In
a subgroup of age-matched men there was
a significant increase in height after three
months of enteral nutrition compared
with prednisolone (p<0.01). Those treated
with steroids did not show a significant
change in height but did show an increase
in all body compartments. However,
intracellular water as well as lean body
mass accretion were significantly higher
in the enteral nutrition group than in the
prednisolone group.
Conclusions—Despite being malnour-
ished, children with Crohn’s disease fail to
adapt their REE per unit of lean body
mass. This might be a factor contributing
to their malnutrition. Lean tissue accre-
tion is higher in patients treated with

enteral nutrition than in those treated
with prednisolone.
(Gut 1997; 41: 203–208)
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Childhood Crohn’s disease is frequently com-
plicated by growth impairment and pubertal
delay. The aetiology is multifactorial. Chronic
daily use of corticosteroids will adversely affect
linear growth but untreated inflammatory
bowel disease itself is also detrimental to
growth. Most studies suggest that chronic
caloric insuYciency related primarily to inad-
equate intake is the single most important fac-
tor in growth failure seen in children with
Crohn’s disease.1–5 Treatment with enteral
nutrition constitutes primary therapy of active
inflammation and can lead to improved growth
as adequate calories are provided.3 5–7 This
therapy is desirable in a child in whom growth
failure can be a manifestation of the underlying
disease. Although an increase in energy ex-
penditure might be anticipated in chronic
inflammatory disease, resting energy expendi-
ture (REE) in Crohn’s disease has been shown
not to be significantly increased over the
predicted normal values.8 However, an increase
in REE has been described in a subgroup of
malnourished patients.8 9 Total daily energy
expenditure in Crohn’s disease has not been
found to be increased.10 Neither the eVects of
prednisolone nor enteral nutrition on energy
expenditure and body composition in children
and adolescents with Crohn’s disease have
been described. The objectives of this study
were to characterise the body composition and
REE in relation to the degree of malnutrition in
paediatric patients with Crohn’s disease com-
pared with normal controls and adolescents
with anorexia nervosa and to compare the
eVects of prednisolone and enteral nutrition on
energy expenditure and body composition in
patients with Crohn’s disease.

Methods
SUBJECTS

Twenty four patients with Crohn’s disease were
recruited from the Inflammatory Bowel Dis-
ease Clinic at The Hospital for Sick Children,
Toronto. They all had at least moderately active
disease with a Crohn’s disease activity index
(CDAI) of >150. All patients had ileocolonic
disease. Four patients were on low dose
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(<10 mg) alternate day therapy with pred-
nisolone. None of the patients had fever,
abscess, or draining fistula. Six patients were
randomised to their treatment group as part of
a multicentre study comparing exclusive semi-
elemental enteral nutrition with prednisolone
in the treatment of active Crohn’s disease.11

The remainder of the patients chose their
treatment because of family preferences or past
individual treatment success. Two patients
were treated with enteral nutrition in order to
be weaned from prednisolone. Two patients in
the enteral nutrition group and three in the
prednisolone group were newly diagnosed.

TREATMENT REGIMENS

The prednisolone treatment group received
1 mg/kg/day for one month and then a gradual
daily reduction by 5 mg per week over the next
two months. Patients in the enteral nutrition
treatment group were hospitalised for a few
days to learn the technique of nasogastric tube
insertion and formula infusion. Once home,
each infused 1500–2400 ml of commercial
elemental formula (Vital, Ross Laboratories,
Montreal, Quebec) each night for a period of
five to six weeks. This provided approximately
60 kcal/kg/day (individual variations occurred
depending on tolerance, satiety, hunger). Only
clear fluids were allowed orally for this period.
After four weeks the patients were allowed to
decrease the frequency of feedings by approxi-
mately one night a week. After two months
most patients had discontinued liquid diet
feeding. There were no complications from
nasogastric tube feedings.
The control group comprised 22 normal

subjects (15 males) matched for age. A group
of 19 malnourished adolescent females with
anorexia nervosa was also studied. These
patients were recruited from the Adolescent

Medicine Clinic at the Hospital for Sick
Children, Toronto. All patients with anorexia
nervosa had a body weight <85% of predicted
weight for height. The nutritional status and
body composition of each subject was deter-
mined by anthropometry, H2

18O isotope and
bromide spaces, total body potassium, and
bioelectrical impedance analysis.
Informed consent was obtained from the

patients and the controls. The study was
approved by the Human Subjects Review
Committee of The Hospital for Sick Children.

ANTHROPOMETRY

The ideal body weight (IBW) was calculated12

by plotting the height and weight values on the
growth and development charts of Tanner and
Whitehouse.13 Skinfolds were measured using
Harpenden calipers (John Bulls, British Indica-
tors Ltd, UK). The biceps, triceps, subscapu-
lar, and suprailiac skinfolds were measured
using standard techniques. Using the sum of
these four skinfolds, total body fat and hence
fat free mass was calculated.14

BIOELECTRICAL IMPEDANCE ANALYSIS

Body impedance was measured with a four ter-
minal impedance analyser (BIA 101 Imped-
ance Analyser, RJL Systems Inc, Detroit,
Michigan, USA). The system introduces a low
current of 800 mA at 50 kHz. The measure-
ments were made while the subjects lay
comfortably on the bed with the limbs
abducted from the body. The injector and
detector electrodes were positioned according
to the manufacturer’s instructions. The voltage
drop detected by the proximal electrodes was
displayed as resistance (R) and reactance (Xc)
The lowest reading of three stable measure-
ments was used. Resistance values obtained
were used to calculate total body water (TBW)
and extracellular water (ECW).15 Intracellular
water (ICW) was calculated as the diVerence
between TBW and ECW.

TOTAL BODY POTASSIUM MEASUREMENTS

Naturally occurring 40K measurements were
performed in a whole body scintillation
counter16 in patients with Crohn’s disease and
controls but not in the anorexia nervosa group.
Total body potassium measurements were
obtained by counting the pulses in the
photopeak during a 10 minute period. The 40K
counts were standardised for variation in
gamma eYciency with diVerences in body size
using 42K internal standardisation.

TBW MEASUREMENT WITH H2
18
O AND ECW WITH

BROMIDE SPACE STUDY

Total body water was measured from plasma
samples using the H2

18O dilution technique17

and extracellular water was measured as the
corrected bromide space.18 Subjects were stud-
ied after an overnight fast. Both labels were
given orally. An initial blood sample was taken
followed by oral administration of the labels.
After a period of equilibration of three hours a
second sample was taken.18 The bromide con-
centration was measured by in vitro neutron

TABLE 1 Comparison of patients with Crohn’s disease (before treatment), controls and
patients with anorexia nervosa

Crohn’s disease (n=24) Controls (n=22)
Anorexia nervosa
(n=19)

Age (y) 13.1 (2.2)a 13.7 (4.2)a 15.6 (1.4)b

Sex 18M/6F 15M/7F 19F
Height (cm) 151.2 (14.9)a 154.7 (16)a,b 162.9 (7.0)b

Weight (kg) 36.5 (10.0)a 47.6 (17.3)b 41.6 (5.9)a,b

IBW (%) 87.1 (11.1)a 100.1 (9.1)b 73.5 (4.4)c

TBW (L), H2
18O 22.5 (6.0)a 32.4 (8.8)b 26.2 (3.4)a

TBW (L), BIA 23.1 (6.5)a 29.1 (8.3)b 26.9 (2.7)a,b

ECW (L) 10.1 (2.7)a 12.5 (2.9)b 12.0 (1.7)b

ECW (L), BIA 10.2 (2.5)a 12.2 (2.9)b 11.8 (1.2)b

ICW (L) 12.2 (4.5)a 19.9 (6.8)b 14.5 (3.2)b

ICW (L), BIA 12.9 (4.1)a 17.0 (5.4)b 15.1 (1.6)a,b

ECW/ICW 0.91 (0.35)a 0.67 (0.18)b 0.87 (0.27)a,b

ECW/ICW, BIA 0.8 (0.09)a 0.73 (0.06)b 0.77 (0.05)a

LBM (kg), H2
18O 30.8 (8.2)a 44.3 (12.0)b 35.8 (4.6)c

LBM (kg), BIA 31.6 (8.9)a 38.3 (11.4)b 36.8 (3.7)a,b

LBM (kg), TBK 27.0 (8.1)a 34.7 (11.2)b –
FFM (kg) 30.4 (8.6)a,b 28.4 (8.3)a 33.3 (3.7)b

LBM (%wt), H2
18O 85.6 (8.1)a 84.6 (17.8)a 86.9 (12.7)a

LBM (%wt), BIA 86.7 (5.5)a 86.5 (12.9)a 89.5 (12.3)a

FFM (%wt) 87.2 (4.3)a 64.9 (12.9)b 80.4 (3.3)a

ECW (%wt) 28.7 (3.9)a 24.0 (3.7)b 29.1 (5.9)a

ECW (%wt), BIA 28.1 (2.6)a 26.8 (4.6)a 28.8 (4.8)a

Fat (%wt) 16.8 (4.3)a 35.1 (12.9)b 19.5 (3.3)a

REE (kcal/day) 1250 (318)a 1471 (317)b 1021 (117)c

REE (% predicted) 97.5 (14)a 104.9 (13.3)a 77.8 (11.8)b

REE/LBM 40.3 (5.9)a 39.1 (6.3)a 28.2 (5.2)b

Values are expressed as mean (SD).
For each parameter, means with diVerent superscripts are significantly diVerent (p<0.05).
IBW, ideal body weight; REE, resting energy expenditure; LBM, lean body mass; BIA, bioelectri-
cal impedance analysis; TBK, total body potassium; SKF, skin fold; FFM, fat free mass; TBW,
total body water; ICW, intracellular water; ECW, extracellular water.

TABLE 2 Mean (SD)
laboratory data of patients
with Crohn’s disease before
treatment

Haemoglobin
(g/l) 114 (12.7)

ESR (mm/h) 30 (18)
Serum albumin
(g/l) 34 (2.1)

ESR, erythrocyte sedimenta-
tion rate.
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activation and 18O enrichment by isotope ratio
mass spectrometry (Micromass 602D, Vacuum
Generators, UK).

RESTING ENERGY EXPENDITURE

Resting energy expenditure (REE) studies were
carried out by open circuit indirect calorimetry
(2900 Energy Measurement Module, Sensor-
Medics, Anaheim, California, USA) as previ-
ously described.19 Briefly, subjects were studied
following a minimum 12 hour fast and were
required to rest on a bed. A clear plastic hood
was placed over the head and air was drawn at
a constant rate through the hood. In some
patients a ventilated face mask was used
instead of the hood. Ventilation of the hood or
mask was measured by a mass flow meter.
Oxygen diVerence was measured by a para-
magnetic analyser and carbon dioxide by an
infrared analyser. The percentage of predicted
REE was calculated by dividing the measured
REE by the values developed by the World
Health Organisation for predicted REE based
on age, height, weight, and sex.20 All of the
above measurements were performed in pa-
tients with Crohn’s disease before starting
treatment and were repeated one month after
the start of treatment (prednisolone or enteral
nutrition) and again two months later. The
controls and the group with anorexia nervosa
had only one measurement. None of the
subjects was pyrexial at the time REE was
measured.

STATISTICAL ANALYSIS

All results are expressed as mean (SD). One
way ANOVA and analysis of covariance were
used to compare patients with Crohn’s disease
(before treatment) with controls and anorexia
nervosa patients. Malnourished patients with
Crohn’s disease (IBW <85%) and anorexia
nervosa were compared by the Student’s t test.
Repeated measures analysis of variance with
univariate ANOVA was used to assess statisti-
cal significance between time (within subject)
and between treatments (between subject) in
the Crohn’s disease group. A p value of <0.05
was used for all statistical significance.

Results
The baseline characteristics of the patients with
Crohn’s disease, anorexia nervosa, and con-
trols are shown in table 1. The laboratory data
of patients with Crohn’s disease are shown in
table 2. The duration of disease was 2.9 (2.0)
years and the most common complaints in
these patients were abdominal pain, weight

loss, and poor energy level. Height was not sig-
nificantly diVerent from normal subjects
matched for age. However, both body weight
and ideal body weight were significantly lower
than in normal subjects (p<0.01 and p<0.003,
respectively). All patients with anorexia ner-
vosa had a body weight <85% of predicted
weight for height (73.5 (4.4)% IBW). As a
group they were taller than the patients with
Crohn’s disease.
Lean body mass was significantly depleted in

absolute terms in patients with Crohn’s disease
compared with controls, but not as a percent-
age of body weight. Extracellular space was
decreased in absolute numbers but as a
percentage of body weight there was expansion
of ECW in patients with Crohn’s disease com-
pared with controls. The ratio of ECW to ICW
was also significantly increased in patients with
Crohn’s disease compared with controls.
The REE of patients with Crohn’s disease

was not diVerent from the controls whether
expressed as calories per kg of body weight or
per kg of lean body mass. Patients with
anorexia nervosa showed a significant reduc-
tion in REE compared with patients with
Crohn’s disease and controls. Figure 1 shows
the individual data for the three groups; analy-
sis of covariance of REE versus lean body mass
in the three groups shows that there was no
diVerence in the slope of patients with Crohn’s
disease and controls, but the slope of the curve
for patients with anorexia nervosa was signifi-
cantly diVerent.
Due to the heterogeneous nature of the total

group of patients with Crohn’s disease, a
subgroup with ideal body weight for height
<85% was compared with the anorexia nervosa
group. REE was significantly higher in these
malnourished Crohn’s patients compared with
comparably malnourished females with ano-
rexia nervosa (table 3).
Table 4 shows the characteristics of the sub-

groups of patients with Crohn’s disease as-
signed to either enteral nutrition or pred-
nisolone before treatment and after one and
three months of therapy. The overall activity of
the disease and clinical picture were similar in
the two groups. Although not statistically
significant, the patients in the prednisolone

Figure 1: Relation between resting energy expenditure and
lean body mass by bioelectric impedance analysis in
children with active Crohn’s disease, (regression line n=24,
r=0.77, SEE=206, p<0.001), healthy controls (regression
line n=22, r=0.90, SEE=149, p<0.001), and patients with
anorexia nervosa (regression line n=19, r=0.14, SEE=181,
p<0.12).
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TABLE 3 Comparison of patients with Crohn’s disease (before treatment) with ideal body
weight (IBW) <85% and patients with anorexia nervosa with IBW <85%

Crohn’s disease
(n=12, 8M/4F)

Anorexia nervosa
(n=19, 0M/19F) p Value

Age (y) 13.8 (1.7) 15.6 (4.2) 0.0057
Height (cm) 157.7 (7.7) 162.9 (7.0) 0.628
Weight (kg) 37.5 (5.9) 41.6 (5.9) 0.07
REE (kcal/day) 1254 (210) 1021 (117) 0.003
REE (%predicted) 97.8 (11.4) 77.8 (11.8) 0.0001
REE/LBM 38.5 (4.3) 28.2 (5.2) 0.00001

Values are expressed as mean (SD).
IBW, ideal body weight; REE, resting energy expenditure; LBM, lean body mass.
LBM was determined from H2

18O dilution.
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group were numerically older, taller, and
heavier. Body composition and REE were
similar in the two groups at the start of
treatment.
In the enteral nutrition group ideal body

weight was 106% at the end of the treatment.
All body compartments were significantly
increased over the treatment period. Both
ECW as percentage of body weight and the
ratio of ECW to ICW decreased with treat-
ment. Resting energy expenditure increased
significantly in this group, whether in absolute
numbers or as a percentage of predicted for
weight and age. Analysis of covariance showed
that there was no significant change in the
regression line between REE and lean body
mass over the three month treatment period.
There was no significant increase in height of

patients treated with prednisolone over the
three month period. Ideal body weight at one
and three months was significantly increased.
There was also an increase in all body
compartments—namely, lean body mass, ex-
tracellular water, and fat. The ratio of extracel-
lular to intracellular water in the prednisolone
group did not change. Resting energy expendi-
ture was increased in absolute numbers at three
months compared with the value before
treatment but did not increase as a percentage
of predicted for body weight and age. The ratio
of REE to lean body mass was not diVerent
from controls or the pretreatment stage.
At one and three months both treatments

were equally able to increase total body weight
(average gain of 9.5 kg). The gain in body fat
was not significantly diVerent between groups

although, as a percentage of body weight, the
patients in the prednisolone group showed a
trend towards a higher percentage of fat at the
end of the treatment (p=0.07). Changes in
total body water and intracellular water were
significantly larger in the enteral nutrition
group than in the prednisolone group. Changes
in extracellular space were significantly lower in
the prednisolone group than in the enteral
nutrition group. The ratio of potassium to
intracellular water was significantly increased
(p<0.05) in the prednisolone group after one
month of treatment (data not shown), but not
after three months of treatment.
The eVects of both treatments on REE are

also shown in table 4. At one month and three
months of treatment there was a significant
diVerence between the change in REE of the
enteral nutrition group and the prednisolone
group with a mean increase in REE at three
months of 330 kcal/day in the enteral nutrition
group and 212 kcal/day in the prednisolone
group. For the same ideal body weight and
percentage body fat at one month of treatment
the change in REE with prednisolone was not
significant from baseline but in the enteral
nutrition group it was highly significant
(p<0.001). Analysis of covariance at three
months showed an eVect of treatment (enteral
nutrition versus prednisolone) on the slope of
the regression of REE versus lean tissue (by
H2

18O, total body potassium, bioelectrical
impedance analysis, and skinfolds) as opposed
to body weight. This could be explained by a
change in the proportion of lean versus fat

TABLE 4 Comparison of patients with Crohn’s disease treated with enteral nutrition (n=12, 7M/5F) or prednisolone
(n=12, 10M/2F)

Treatment 0 Months One month Three months

Age (y) Enteral nutrition 12.8 (15.9) – –
Prednisolone 13.95 (1.8) – –

Height (cm) Enteral nutrition 147.2 (15.9) 147.0 (17.3) 147.1 (16.7)
Prednisolone 156.7 (9.9) 157.0 (9.5) 156.6 (10.7)

Weight (kg) Enteral nutrition 32.6 (8.8)a 38.2 (11.7)b 40.9 (12.1)c

Prednisolone 41.0 (9.0)a 47.3 (9.0)b 51.4 (10.3)c

IBW (%) Enteral nutrition 83.9 (11.3)a 97.9 (15.8)b 106 (13.8)c

Prednisolone 89.1 (9.8)a 103.9 (15.6)b 114.2 (17.9)c

REE (kcal/day) Enteral nutrition 1153 (283)a 1415 (535)b 1453 (307)c

Prednisolone 1380 (308)a 1432 (265)a 1592 (362)b

REE (% predicted) Enteral nutrition 96.6 (13.1)a 108.7 (21)A,b 110 (114.4)B,b

Prednisolone 100.8 (15.9) 97.4 (13.6)C 102.9 (16.2)D

LBM Enteral nutrition 27.56 (10.1)a 32.5 (11.6)b 34.7 (10.6)c

Prednisolone 34.5 (8.2)a 39.06 (10.7)b 38.9 (10.8)b

LBM (%wt) Enteral nutrition 86.6 (8.9) 88.8 (9.9) 83.2 (5.7)
Prednisolone 87.5 (9.4) 79.1 (9.4) 77.7 (11.4)

Fat (%wt) Enteral nutrition 16.19 (4.7)a 20.8 (5.2)b 22.0 (5.7)c

Prednisolone 17.4 (4.0)a 20.5 (5.5)b 24.1 (5.9)c

TBW (L) Enteral nutrition 20.12 (4.8)a 23.7 (8.4)A,b 25.4 (7.8)B,c

Prednisolone 25.2 (6.0)a 25.8 (7.8)C,b 28.4 (7.9)D,b

ECW (L) Enteral nutrition 9.24 (2.7)a 9.2 (4.7)A,b 10.7 (5.5)B,c

Prednisolone 11.07 (2.3)a 12.8 (2.3)C,b 11.56 (2.7)D,c

ICW (L) Enteral nutrition 10.6 (3.1)a 13.5 (4.9)b 13.9 (4.7)A,b

Prednisolone 14.1 (4.9)a 17.8 (4.56)b 16.9 (5.6)B,b

ECW (%wt) Enteral nutrition 29.0 (3.5)a 25.2 (8.9)b 25.4 (10.3)b

Prednisolone 28.4 (4.7)a 25.0 (2.7)b 23.1 (2.5)c

ECW/ICW Enteral nutrition 0.94 (0.27)a 0.77 (0.09)b 0.73 (0.33)b

Prednisolone 0.88 (0.45) 0.73 (0.12) 0.72 (0.16)

Values are expressed as mean (SD).
0 Months, before treatment; one month, one month after treatment; three months, three months after treatment.
There was no statistically significant diVerence between the two groups before treatment.
IBW, ideal body weight; REE, resting energy expenditure; LBM, lean body mass; TBW, total body water; ICW, intracellular water;
ECW, extracellular water.
Lower case superscript letters denote comparisons within subject across the 0, one and three month time points in each of the two
treatment groups. Means with diVerent superscripts are significantly diVerent (p<0.05).
DiVerences in the response to treatment between treatment groups (enterally fed compared with prednisolone treated) are shown
using superscript capital letters. Responses to treatment were tested as the changes from before treatment (0 months) to either one
month or three months. Means with diVerent superscripts are significantly diVerent (p<0.05).
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mass in the prednisolone group at three
months of treatment.
Due to the initial diVerences in sex, age, and

Tanner staging between the two treatment
groups, subgroups of 10 males matched for age
and Tanner stage were compared. The enteral
nutrition group showed a significant increase in
height compared with the prednisolone group
at three months. Mean average height gain was
1.8 cm with enteral nutrition and 0.5 cm
(p<0.01) following treatment with pred-
nisolone (data not shown).
A comparison between the two treatments

on the overall clinical status of the patients
showed that there was no significant diVerence
between the two groups after three months of
treatment. Follow up at one year showed that,
as a group, they did not diVer in the number of
disease exacerbations or need for surgical
interventions.

Discussion
Disease states can adversely aVect body
composition and energy expenditure. Resting
energy expenditure decreases following pro-
longed starvation in the absence of any organic
disease.21 This is a biological response to
conserve energy. It has previously been shown
that, in malnourished patients with anorexia
nervosa, the REE per unit of lean tissue is
reduced.22 Our study confirms this finding. We
regard anorexia nervosa as a model for
prolonged (semi)starvation22 without any asso-
ciated organic disease. Certainly our earlier
results22 are consistent with those in subjects
undergoing prolonged starvation on a volun-
tary basis.21 We therefore chose to compare two
groups of malnourished patients—anorexia
nervosa, in which there is voluntary food
restriction, and Crohn’s disease, an inflamma-
tory process with weight loss. The patients with
Crohn’s disease were also moderately malnour-
ished at the time of exacerbation. In body
compartments, lean body mass was signifi-
cantly depleted. As a proportion of body
weight, the ECW compartment was expanded.
There was also a significant expansion of ECW
relative to ICW. This type of response is com-
patible with the pattern seen in protein-energy
malnutrition in the patients with anorexia ner-
vosa. The patients with Crohn’s disease had an
ICW that was comparable to that in those with
anorexia nervosa (table 1). We have shown in
children and adolescents that REE is most
closely related to body cell mass measured by
ICW, rather than lean body mass or body
weight.23 However, in Crohn’s disease the REE
was not reduced (table 1). Thus the patients
failed to down regulate their REE in response
to weight loss. This may contribute to the
ongoing malnutrition along with decreased
food intake hitherto believed to be the major
cause of weight loss in Crohn’s disease.24

The reasons for lack of REE adaptation in
malnourished patients with Crohn’s disease are
not known. We suspect that cytokines might
have a role in this phenomenon. Increased
cytokine production has been observed in
patients with active inflammatory bowel
disease.25–30 Many of the cytokines are known to

have adverse eVects on nutritional status.
These include interleukin 1 (IL-1), tumour
necrosis factor (TNF) and interleukin 6
(IL-6).31 The cytokines, most notably TNF, are
known to produce anorexia,31–33 thereby con-
tributing to malnutrition. There are some ani-
mal data to suggest that it can also alter energy
expenditure. Hoshino et al34 have studied the
eVects of a 10 day continuous infusion of
cachectin (TNF) in rats. Controls and pair-fed
rats were used for comparison. Cachectin
induced anorexia and weight loss. However,
the cachectin-infused rats failed to decrease
their REE in response to their weight loss.
When compared with the similarly malnour-
ished pair-fed rats the cachectin-infused group
was 50% hypermetabolic. The exact mecha-
nisms involved in this lack of energy down
regulation are yet to be defined. We speculate
that the increased circulating cytokines lead to
a chronically increased secretion of the ther-
mogenic hormones (thyroid and catecho-
lamines) which leads to a relatively hypermeta-
bolic state as is seen in malnourished children
with Crohn’s disease. An additional observa-
tion made by Hoshino et al in their rat study34

was that visceral tissues were spared while skel-
etal muscle was severely wasted. Shetty35 has
reviewed the literature and has pointed out that
diVerential loss of muscle versus visceral
organs may have a diVerential eVect on REE
since visceral organs are more metabolically
active than skeletal muscle. Thus, the relatively
higher ratio of REE to lean body mass in
patients with Crohn’s disease compared with
those with anorexia nervosa may be due to dif-
ferential losses in muscle versus visceral organ
tissue. Our measurements show there are no
diVerences in body cell mass as measured by
ICW between the two malnourished groups.
But, this does not exclude the possibility of a
relative preservation of visceral organ body cell
mass in the patients with Crohn’s disease.
A potential limitation of the patients with

anorexia nervosa as a malnutrition comparison
group is that they are older and all female.
However, in our larger study of the eVects of
disease on body composition and REE we
found no diVerences in REE as a result of age
or sex when the REE was expressed per unit of
lean body mass or ICW.23 Following treatment
with both enteral nutrition and prednisolone
more than 90% of the patients achieved remis-
sion in three months. Both treatments exhib-
ited the same success rate and both treatments
restored body weight by increasing both lean
tissue and fat tissue. Intracellular water was
significantly increased in the enteral nutrition
treated group, although the increase in fat was
not diVerent between the two groups. The
changes in REE were significantly diVerent
between groups, and the patients treated with
enteral nutrition required a larger number of
calories than the prednisolone group as shown
by the same weight gain but increased energy
expenditure in the enteral nutrition group.
This is in accordance with other investigators
who showed that, during refeeding, there was
an increase in REE.36 37
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Another finding from this investigation
relates to changes in height. In a short period
(three months) a significant increase in height
was observed in the enteral nutrition group
compared with the prednisolone group in a
group of matched male patients. This confirms
earlier observations of the beneficial eVect of
enteral nutrition on linear growth.1

In conclusion, children with active Crohn’s
disease fail to adapt their REE in response to
weight loss. This might be a factor contributing
to the malnutrition seen in these patients.
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