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Gender speci®c alterations of body composition in patients with

in¯ammatory bowel disease compared with controls

BJ Geerling*1, WD van Marken Lichtenbelt2, RW StockbruÈgger1 and R-JM Brummer1

1Dept. of Gastroenterology and Hepatology, Maastricht, The Netherlands; and 2Dept. of Human Biology, University of Maastricht,
Maastricht, The Netherlands

Objective: To assess body hydration and the distribution of the body water compartments in de®ned populations
of patients with in¯ammatory bowel disease (IBD) compared with those of matched healthy controls.
Subjects: Fifty-two patients with IBD at time of diagnosis (20 patients with Crohn's disease (CD-new) and 32
patients with ulcerative colitis (UC-new)), 40 patients with long-standing CD (CD-long) and 2 matched healthy
control groups (n� 52 and n� 40) were recruited for the study.
Methods: Total body water (TBW) and extracellular water (ECW) were measured by deuterium oxide and
bromide dilution, respectively. Intracellular water (ICW) was calculated as TBW-ECW. In addition, hydration of
fat-free mass (FFM) and the ECW:ICW ratio were calculated. FFM, body fat (BF) and % body fat (%BF) were
assessed by dual energy X-ray absorptiometry.
Results: In female IBD patients, the ECW:ICW ratio was signi®cantly (P< 0.05) higher than in controls (CD-
new: 0.89��0.11 vs 0.79��0.08, P< 0.01; UC-new: 0.85��0.15 vs 0.77��0.10, P< 0.05; CD-long: 0.86��0.14 vs
0.80��0.10, P< 0.05). In these female patients, the ICW:FFM ratio was signi®cantly (P< 0.05) lower than in
controls. Fluid shifts were especially pronounced in female patients with recently diagnosed CD. In male patients
with recently diagnosed UC and in those with long-standing CD, body weight, body mass index, BF and %BF
were signi®cantly (P< 0.05) lower than in controls. No differences in body hydration or body water distribution
were observed between male patients and controls.
Conclusions: An altered body water distribution and body hydration was observed in female IBD patients,
especially in female patients with recently diagnosed CD.
Sponsorship: This study was ®nancially supported by a grant from Novartis Nutrition Ltd, Switzerland.
Descriptors: in¯ammatory bowel disease; body composition; total body water; extracellular water; intracellular
water; body hydration; body water distribution

Introduction

In¯ammatory bowel disease (IBD) is a chronic in¯amma-
tory disorder that involves the colon in ulcerative colitis
(UC) and may involve any part of the entire gastrointestinal
tract in Crohn's disease (CD). Malnutrition has often been
reported in these patients, especially in CD patients (Har-
ries & Heatley, 1983; Fernandez-Banares et al, 1989, 1990;
Cristie & Hill, 1990; Stokes, 1992; Kuroki et al, 1993;
Royall et al, 1995; Teahon et al, 1995; Zurita et al, 1995;
Capristo et al, 1998; Geerling et al, 1998). Assessment of
the degree of malnutrition in IBD requires accurate mea-
surements of body composition.

Body composition can be assessed by a simple model in
which the body is divided in two main compartments: body
fat (BF) and fat-free mass (FFM). FFM can be assessed by
deuterium dilution assuming a constant hydration ratio of
73% (Pace & Rathbun, 1945). Studies have shown how-
ever, that malnutrition in¯uenced body hydration (Streat et
al, 1985). Furthermore, malnutrition may result in a
reduced body cell mass (BCM), accompanied by an
increase in extracellular water (ECW) (Shetty, 1995).

There is both clinical and experimental evidence that
chronic in¯ammation may lead to an expansion of ECW
(Chrousos, 1995) and a decrease in intracellular water
(ICW) compartments (HauÈssinger et al, 1993). This phe-
nomenon can be elucidated by measuring ECW and ICW
compartments. ICW is the greatest part of BCM, which is
the metabolically active part of the human body, and can be
calculated by subtracting ECW from total body water
(TBW). Changes in the ECW:ICW ratio may give impor-
tant information about body water distribution and ¯uid
shifts.

Measurement of body water compartments is an essen-
tial part of nutritional assessment and it may be helpful in
understanding the metabolic alterations (that is, changes in
energy metabolism, substrate oxidation and nutritional
status) in IBD.

The aim of this present study was to assess the body
hydration and the distribution of the body water compart-
ments in de®ned populations of IBD patients compared
with those of matched healthy controls.

Subjects and methods

The study protocol was approved by the Ethics Committee
of the University Hospital Maastricht, and all subjects gave
their informed consent before the start of the study.
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Subjects
Characteristics of the patients are shown in Table 1. They
were recruited from the out-patient population of the
Department of Gastroenterology. The diagnosis of IBD
was based on the criteria proposed by Lennard-Jones
(Lennard-Jones, 1989). Disease activity for CD patients
was assessed according to the Crohn's disease activity
index (CDAI) (Best et al, 1979) as well as by the concen-
tration of C-reactive protein (CRP) at the time of the
investigation. For UC patients, disease activity was
assessed according to the Truelove and Witts index (True-
love & Witts, 1955) and graded numerically as 6±19
corresponding to no disease activity, 20±32 as having
moderate disease activity and 33±45 corresponding to
severe disease. In addition, CRP concentrations were mea-
sured at the time of investigation.

Patients with recently diagnosed IBD (IBD-new). All
patients who had been diagnosed with IBD during the
period June 1995±December 1997 were asked to participate
in the study. Ninety-one percent agreed to participate. All
patients had been diagnosed within six months before the
study. Fifty-two patients (20 CD, 32 UC) were included.
Three CD-new patients scored a CDAI exceeding 150,
which is regarded as active disease. Acute phase protein
response did differ significantly (P< 0.05) between CD-
new patients (median C-reactive protein: 10 mg=L; females
10 mg=L; males 8 mg=L) and controls (median C-reactive
protein: 3.5 mg=L; females 7 mg=L; males 2 mg=L). Two
UC-new patients scored a Truelove & Witts index > 20,
which is regarded as active disease. However, acute phase
protein response did not differ significantly between UC-
new patients (median C-reactive protein: 6 mg=L; females
7 mg=L; males 2 mg=L) and controls (median C-reactive
protein: 2 mg=L; females 5 mg=L; males 2 mg=L). All
patients used medication during the study, including mesa-
lazine (n� 52) and azathioprine (n� 3). Thirteen patients
(25%) used corticosteroids (median dose 10 mg). A dose of
� 10 mg=d was prescribed to seven IBD-new patients (four
females, three males).

Patients with long-standing CD (CD-long). Patients who
had been suffering from CD with small bowel involvement
for more than 5 y and who were clinically in remission,
were consecutively asked to participate in the study during
a visit to the outpatient clinic of the Department of
Gastroenterology in the periods November 1995±May
1996 and April 1997±July 1997. Forty patients (23 females,
17 males) participated in the study. Median CDAI was 124

for all patients, 110 for females and 135 for males,
respectively. Fourteen patients (7 females, 7 males)
scored a CDAI exceeding 150, which is regarded as
active disease. The high liquid stool frequency of many
of these patients, all of whom suffered from ileal dysfunc-
tion, may explain the relatively high scores on the CDAI.
However, acute phase protein response did not differ
significantly between patients (median C-reactive protein:
7 mg=L; females 7 mg=L; males 9 mg=L) and controls
(median C-reactive protein: 4 mg=L; females 6 mg=L;
males 2 mg=L). All patients had stable body weights
during the three months preceding the study. The absence
of a significant acute phase response indicated that these
patients were clinically in remission. Most patients (92%)
used medication during the study, including mesalazine
(n� 35), azathioprine (n� 12), cholestyramine (n� 7) and
low doses (median dose 5 mg) of corticosteroids (n� 13).
Two patients had an ileostomy.

Controls. The controls were randomly selected from the
patient population database of a general practitioner in the
same study region, which is a reliable dynamic sampling
frame of the Dutch general population. They were selected
according to the following criteria: age- and sex-matched
with IBD patients (within 3 y of age) and no history of IBD.
Two healthy control groups, one group (n� 52) matched
with IBD-new (median age 32 y) and another control group
(n� 40) matched with CD-long (median age 38 y), partici-
pated in the study.

Methods
Body composition was assessed using anthropometry, deu-
terium and bromide dilution techniques and dual energy X-
ray absorptiometry (DXA).

Anthropometry
Body height (BH) was measured to the nearest millimetre
using a wall-mounted stadiometer, while body weight
(BW) was measured using an electronic scale with a digital
readout to an accuracy of 0.01 kg. Body mass index (BMI)
was calculated from weight and height (kg=m2).

Dilution techniques
Subjects consumed a cocktail containing a quantity of
deuterium (99.8 atom percent excess, Akademie der Wis-
senschaften, Leipzig, Germany) corresponding to 0.1 g=L
estimated TBW, and 60 mg sodium bromide=L predicted
TBW mixed into � 70 ml water (Deurenberg et al, 1991).

Table 1 Characteristics of patients with in¯ammatory bowel disease (IBD)

IBD-new (n� 52)

CD-new UC-new CD-long
(n� 20) (n� 32) (n� 42)

Age (y) 29 (21±38) 32 (25±48) 40 (31±53)*

Small bowel involvement n� 18 n� 0 n� 42*

Small bowel resection n� 4 n� 0 n� 30*

Disease duration (y) 0.3 (0.2±0.3) 0.3 (0.2±0.5) 14 (10±19)*

CDAI 99 (44±126) Ð 124 (73±190)
Truelove & Witts index Ð 6.0 (6.0±14.0) Ð
CRP (mg=L) 10.0 (6.0±30.0) 6.0 (2.0±8.0) 7.0 (7.0±11.0)

Data are expressed as medians (25th±75th percentile). CDAI�Crohn's disease activity index; CRP�C-reactive protein. Signi®cance level for differences
between patient groups (Chi-square and one-way ANOVA): *P< 0.001.
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Assessment of TBW
TBW was assessed using deuterium oxide. A background
urine sample was taken after an overnight fast. After
consumption of the deuterium=bromide cocktail, urine
was collected after 4 h of equilibration. Isotopic abun-
dances in urine were determined in duplicate using an
isotope-ratio mass spectrometer (Aqua Sira; VG Isogas,
Cheshire, UK). Deuterium dilution space was calculated
from the quantity of deuterium administered and the urine
deuterium concentrations after equilibration. TBW was
assessed according to the equation proposed by Deurenberg
et al (Deurenberg et al, 1991) and was calculated as the
deuterium-dilution space divided by 1.04, correcting for the
exchange of the deuterium label with non-aqueous hydro-
gen in body solids (Schoeller, 1992).

Assessment of ECW
ECW was assessed using bromide dilution. A background
serum sample was taken after an overnight fast. After
consumption of the deuterium=bromide cocktail, serum
samples were collected after 4 h of equilibration. Bromide
concentration in serum ultra®ltrate was determined by
HPLC using the anion-exchange chromatographic method
(Miller et al, 1989). ECW was estimated from the corrected
bromide space (Bell et al, 1984; Miller et al, 1989).

Assessment of ICW
ICW was calculated according to the equation: ICW�
TBW7ECW.

Dual energy X-ray absorptiometry
Fat-free mass (FFM), body fat (BF) and percentage body
fat (% BF) were determined using a dual energy X-ray
absorptiometer (DPX-L, Lunar Corp., Madison, WI; using
DPX-L 1.3 software) (Mazess et al, 1990). A total body
scan over the entire length of a subject's body was
performed. Any materials that could attenuate the X-ray
beam, for example, jewellery, watches or clothing with
zippers, were removed before the examination.

Statistical analysis
Results are expressed as mean��s.d. or as stated. Differ-
ences in body composition between IBD patients and
matched controls were analysed using a paired Student's

t-test, and ANOVA was used to analyse differences in body
composition parameters between different IBD groups.
Correlation coef®cients were calculated by regression ana-
lysis. All statistical analyses were performed with the SPSS
7.0 for Windows package (SPSS Inc, Chicago).

Results

Patients with IBD at time of diagnosis (IBD-new)

CD-new patients. Table 2 shows body composition results
for CD-new patients compared with controls. No signifi-
cant differences in body weight, BMI, BF or %BF were
observed between patients and controls. However, CD-new
patients were significantly (P< 0.05) taller and FFM was
significantly (P< 0.02) higher than in controls. The
ECW:ICW ratio was significantly (P< 0.02) higher in
CD-new patients, while the ICW:FFM ratio was signifi-
cantly (P< 0.02) lower than in controls. Gender-specific
analysis showed that these differences in body water dis-
tribution could be explained by differences between female
CD-new patients and controls. In males, we did not observe
any significant differences in body composition parameters
between the CD-new patients and the controls.

UC-new patients. Body composition results of UC-new
patients are shown in Table 3. Body weight, BMI, and
BF were significantly lower in UC-new patients than in
controls. The ECW:ICW ratio was significantly (P< 0.05)
higher in female UC-new patients.

In male patients, body weight, BMI, BF and % body fat
were signi®cantly lower than in controls. No differences in
FFM hydration or body water distribution were found
between male patients and controls.

CD-long patients. Results for patients with long-standing
CD are shown in Table 4. FFM and the ICW:FFM ratio
were significantly (P< 0.05) lower in CD-long patients
than in controls.The ECW:ICW ratio was significantly
(P< 0.05) higher. This difference in ECW:ICW ratio was
only observed in female CD-long patients compared with
controls. In male patients, body weight, BMI, FFM, BF,
%BF were all significantly (P< 0.05) lower than in con-
trols. However, the male CD-long patients did not differ

Table 2 Body composition of patients with recently diagnosed Crohn's disease (CD) compared with age and sex matched controls

All Females Males

CD-new Controls CD-new Controls CD-new Controls
(n� 20) (n� 20) (n� 13) (n� 13) (n� 7) (n� 7)

Weight (kg) 68.6��10.1 66.3��10.9 64.0��7.6 60.7��8.5 77.3��8.7 76.6��6.8
Height (m) 1.69��0.11 1.74��0.09* 1.63��0.05 1.69��0.04** 1.82��0.07 1.83��0.07
BMI (kg/m2) 22.7��2.5 23.0��2.8 22.5��2.6 22.9��3.1 23.1��2.4 23.2��2.1
FFM (kg) 49.2��9.9 46.8��8.9** 42.8��2.4 40.8��2.8 61.1��6.5 57.7��4.5
BF (kg) 19.4��6.3 19.5��7.0 21.1��6.6 19.9��7.2 16.1��4.7 18.9��7.2
%BF 28.3��8.3 29.2��8.6 32.5��6.7 32.0��7.4 20.6��4.7 24.0��8.8
TBW:FFM 0.71��0.03 0.73��0.05 0.72��0.03 0.74��0.05 0.70��0.02 0.72��0.04
ECW:FFM 0.32��0.03 0.31��0.02 0.34��0.02 0.32��0.01* 0.29��0.01 0.30��0.02
ICW:FFM 0.39��0.03 0.42��0.04** 0.38��0.03 0.41��0.05** 0.41��0.01 0.42��0.03
ECW:ICW 0.83��0.13 0.76��0.08** 0.89��0.11 0.79��0.08*** 0.71��0.03 0.72��0.07

Data are expressed as mean��s.d. CD-new: patients with Crohn's disease at time of diagnosis (< 6 months); BMI� body mass index; FFM� fat-free mass
assessed by dual energy X-ray absorptiometry; BF� body fat assessed by dual energy X-ray absorptiometry; %BF assessed by dual energy X-ray
absorptiometry TBW� total body water; ECW� extracellular water; ICW� intracellular water. TBW:FFM� ratio of TBW and FFM; ECW:FFM� ratio
of ECW and FFM, ICW:FFM� ratio of ICW and FFM; ECW:ICW� ratio of ECW and ICW. Signi®cance levels for differences in body composition
parameters between CD-new patients and controls (paired Student's t-tests): *** P< 0.01; ** P< 0.02; * P< 0.05.
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significantly from the controls as regards body hydration
and body water distribution.

Disease activity indices showed no signi®cant correla-
tion with body composition parameters in any patient
group.

Body composition differences between UC and CD. We
did not find any significant differences in body composition
parameters between CD-new, UC-new or CD-long patients
(Table 2±4).

Steroid use vs non-steroid use. Steroid therapy did not sig-
nificantly influence differences in body hydration or
ECW:ICW ratios between patients and controls. Figure 1
shows gender-specific values of %BF between patients with
steroid or without steroid therapy, respectively, and controls.
Females with steroids tended to have a higher %BF compared
with controls. In males, an opposite trend was observed.

Discussion

This study revealed an altered distribution of body water
compartments in female IBD patients compared with con-
trols. Fluid shifts were observed in female patients with

recently diagnosed CD and UC, but also in female patients
with long-standing CD compared with controls. In male
IBD patients, however, a different alteration in body
composition was seen, comprising decreased body fat,
BMI and percentage body fat, which was especially pro-
nounced in male patients with long-standing CD. Weight
loss has often been reported in IBD patients, especially in
patients with active CD (Kelly & Fleming, 1995, Royall et
al, 1995; Zurita et al, 1995; Mingrone et al, 1998; Capristo
et al, 1998). There is only one study, to our knowledge,
which evaluated body composition in UC patients (Capristo
et al, 1998). These authors did not show any signi®cant
differences regarding body composition parameters
between patients with inactive UC and controls, in contrast
with results of our study. It should be noted, however, that
the study population and the used methods differed from
ours. Firstly we studied recently diagnosed UC patients,
whereas the disease duration is unknown in the study of
Capristo et al, 1998. Secondly, we used age-and sex
matched population controls and performed gender speci®c
analyses of body composition changes which may have
increased the power of our study. Thirdly, in the study of
Capristo et al, 1998, body composition was measured by

Table 3 Body composition of patients with recently diagnosed ulcerative colitis (UC) compared with age and sex matched controls

All Females Males

UC-new Controls UC-new Controls UC-new Controls
(n� 32) (n� 32) (n� 18) (n� 18) (n� 14) (n� 14)

Weight (kg) 66.4��9.6 71.1��12.4* 61.2��7.3 64.2��9.0 73.2��8.0 80.1��10.4*

Height (m) 1.71��0.09 1.69��0.07 1.66��0.05 1.66��0.08 1.73��0.05 1.77��0.08*

BMI (kg=m2) 22.7��2.4 24.7��3.4*** 22.3��2.6 23.2��2.4 23.2��2.2 26.7��3.6***

FFM (kg) 49.6��10.8 51.7��11.6 41.3��3.5 43.2��4.9 60.3��6.8 62.5��8.2
BF (kg) 16.8��6.2 19.5��5.4* 19.8��5.8 20.9��5.1 12.9��4.6 17.7��5.3**

%BF 25.7��9.4 27.8��7.0 32.2��5.8 32.3��4.2 17.4��5.9 22.0��5.4*

TBW:FFM 0.71��0.03 0.71��0.03 0.72��0.03 0.72��0.03 0.70��0.04 0.70��0.03
ECW:FFM 0.31��0.04 0.30��0.03 0.33��0.03 0.31��0.03 0.29��0.03 0.29��0.03
ICW:FFM 0.40��0.03 0.41��0.03 0.39��0.03 0.41��0.03* 0.41��0.02 0.41��0.04
ECW:ICW 0.78��0.14 0.74��0.11 0.85��0.15 0.77��0.10* 0.70��0.08 0.72��0.12

Data are expressed as mean��s.d. UC-new: patients with ulcerative colitis at time of diagnosis (< 6 months); BM� body mass index; FFM� fat-free mass
assessed by dual energy X-ray absorptiometry; BF� body fat assessed by dual energy X-ray absorptiometry; %BF assessed by dual energy X-ray
absorptiometry TBW� total body water; ECW� extracellular water; ICW� intracellular water. TBW:FFM� ratio of TBW and FFM; ECW:FFM� ratio
of ECW and FFM; ICW:FFM� ratio of ICW and FFM; ECW:ICW� ratio of ECW and ICW. Signi®cance levels for differences in body composition
parameters between UC-new patients and controls (paired Student's t-tests):): *** P< 0.01; ** P< 0.02; * P< 0.05.

Table 4 Body composition of patients with long-standing Crohn's disease (CD) compared with age and sex matched controls

All Females Males

CD-long Controls CD-long Controls CD-long Controls
(n� 40) (n� 40) (n� 23) (n� 23) (n� 17) (n� 17)

Weight (kg) 64.8��12.0 68.9��12.4 63.3��11.0 61.2��7.3 67.0��13.2 79.2��10.2**

Height (m) 1.69��0.07 1.69��0.08 1.65��0.04 1.65��0.06 1.75��0.06 1.74��0.06
BMI (kg=m2) 22.8��4.0 24.0��3.3 23.2��3.8 22.4��2.2 22.1��4.1 26.2��3.3***

FFM (kg) 47.1��8.7 49.9��11.0* 41.6��4.5 42.2��4.3 54.6��7.4 60.3��8.6*

BF (kg) 17.7��8.7 18.9��4.9 21.7��7.4 19.0��4.5 12.4��7.0 18.9��5.4***

%BF 26.7��10.6 27.7��6.3 33.4��7.2 30.7��4.8 17.5��6.7 23.7��5.8***

TBW:FFM 0.71��0.04 0.71��0.04 0.72��0.03 0.71��0.04 0.69��0.04 0.71��0.03
ECW:FFM 0.31��0.03 0.31��0.02 0.33��0.03 0.31��0.02{ 0.30��0.03 0.30��0.03
ICW:FFM 0.39��0.04 0.41��0.04* 0.39��0.04 0.40��0.04 0.40��0.04 0.41��0.04
ECW:ICW 0.81��0.14 0.77��0.12* 0.86��0.14 0.80��0.10* 0.75��0.13 0.72��0.12

Data are expressed as mean��s.d. CD-long� patients with long-standing CD; BMI� body mass index; FFM� fat-free mass assessed by dual energy X-ray
absorptiometry; BF� body fat assessed by dual energy X-ray absorptiometry; %BF assessed by dual energy X-ray absorptiometry; TBW� total body
water; ECW� extracellular water; ICW� intracellular water; TBW:FFM� ratio of TBW and FFM; ECW:FFM� ratio of ECW and FFM;
ICW:FFM� ratio of ICW and FFM; ECW:ICW� ratio of ECW and ICW. Signi®cance levels for differences in body composition parameters between
CD-long patients and controls (paired Student's t-tests): *** P< 0.01; ** P< 0.02; * P< 0.05; { P� 0.06
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bioelectric impedance with the assumption of a constant
TBW=FFM ratio of 0.732. Our study showed that body
hydration of female IBD patients differs from that of
controls.

It has been suggested that the decreased body weight,
frequently observed in IBD patients, represents a propor-
tionally larger decrease in body fat, sparing FFM (Royall
et al, 1995). However, available data about body water
compartments of FFM in IBD patients are limited. Mea-
surement of extracellular water and intracellular water may
give important information about metabolic changes in
chronic in¯ammatory disorders as chronic in¯ammation
may lead to an expansion of ECW (Chrousos, 1995) and
cell shrinkage (HauÈssinger et al, 1993).

In this present study, all patients were matched with
controls according to age and sex, though not to body mass
index. If controls would have been matched according to
body mass index, this would probably have resulted in
over-matching and consequently to a loss of power in our
study, as we tried to reveal differences in body composition
between patients and controls. Hence, in the present study it
is not useful to compare absolute sizes of body compart-
ments between patients and controls. Hence this may
explain the signi®cantly higher absolute size of FFM in
CD patients at time of diagnosis, because these patients
were signi®cantly taller than controls.

An increased ECW:FFM ratio and ECW:ICW ratio and
a decreased ICW:FFM ratio were observed in female IBD
patients compared with controls. The ¯uid shifts were
especially pronounced in female patients with recently
diagnosed CD. The recent acute in¯ammatory process in
these patients could be a determinant of the disturbed body
water distribution observed in these patients. The absence
of an acute phase response in patients with long-standing
CD indicated that these patients were clinically in remis-
sion. The body composition alterations observed in the
latter patients are more likely to be associated with

malnutrition per se. It is known that ECW may increase as a
consequence of malnutrition (Shetty, 1993). Several nutri-
tional and functional de®ciencies have been reported in
patients with long-standing CD in remission, although these
patients were weight stable and not catabolic (Geerling et al,
1998). Consequently, the increased ECW:ICW ratio in
female patients with long-standing CD in remission may be
caused by malnutrition. Dietary intake did not signi®cantly
differ between patients and controls (Geerling et al, 1998).
Hence, the body composition alterations of the patients in the
present study are probably disease-induced rather than caused
by limited food intake (Kinney & Weissman, 1986).

A few studies have reported ¯uid shifts in patients with
chronic in¯ammatory disorders. In children with active CD,
the ECW:ICW ratio was found to be signi®cantly higher
than in controls (Ascue et al, 1997). The ECW:ICW ratio
was signi®cantly decreased to normal values after treatment
with either enteral nutrition or prednisone. It should be
noted however, that the gender distribution in this study
was not equal between patients and controls, which may
have in¯uenced the outcome. Baarends et al (1997) found a
signi®cantly increased ECW:ICW ratio in depleted patients
(FFM=height2< 15 kg=m2) with chronic obstructive pul-
monary disease (COPD) compared with non-depleted
COPD patients. In patients with juvenile rheumatoid arthri-
tis, a signi®cantly higher ECW:ICW ratio was found
compared with controls (Bedogni et al, 1996). In this
study too, however, gender was not equally distributed
between patients and controls. The increased presence of
certain cytokines (interleukine-1b and tumour necrosis
factor-a) was found to be inversely correlated with the
amount of FFM in patients with rheumatoid arthritis
(Roubenoff & Rall, 1993) and the authors suggested
that rheumatoid cachexia is at least partly driven by
in¯ammation.

Flear & Singh (1973) suggested that cell membrane
function may be changed by disease, which may cause
¯uid shifts. The pathogenesis of tissue injury in IBD
involves an imbalance between increased reactive oxidative
compounds production and reduced antioxidant defences,
resulting in oxidative stress (Grisham, 1994; Lih-Brody et
al, 1996). Evidence has been presented that inhibition of
Na�-K��-2Cl7 cotransport occurs in response to oxidative
stress in vascular endothelial cells, which tend to shrink
under these circumstances (HauÈssinger et al, 1994). This
cell shrinkage may result in a decreased intracellular
hydration of FFM, as we observed in this present study.
The results of our study suggest that the increased
ECW:ICW ratio found in female IBD patients may pre-
dominantly be the result of a decreased intracellular hydra-
tion of FFM. It is assumed that the ICW compartment is a
constant fraction of BCM (Moore et al, 1963). We did not
directly measure BCM, but our data suggests that BCM, the
metabolically active part of the human body, may be
decreased in female IBD patients.

In male patients, we did not observe any signi®cant
differences in body water distribution compared with
controls. However, body weight, and consequently body
fat and FFM were signi®cantly lower, except for patients
with recently diagnosed CD. This latter observation could
be due to a b-error in the small group studied. The body
water distribution of FFM in male patients was not dis-
turbed, as was shown by their normal hydration ratios. The
proportionally decreased ECW and ICW compartments
may have resulted in a normal ECW:ICW ratio.

Figure 1 Percentage body fat measured by Dual energy X-ray absorp-
tiometry (DXA) in patients (open bars) with recently diagnosed Crohn's
disease (CD-new), recently diagnosed ulcerative colitis (UC-new) and in
patients with long-standing CD, clinically in remission (CD-long), respec-
tively, compared with matched controls (solid bars). The total number (n)
of patients is shown for each analysis and patients were age-and sex-
matched with controls (n). Data are shown as mean��s.d., separately for
females and males, with and without corticosteroid therapy, respectively.
Signi®cance level for differences in % body fat between patients and
controls (paired Student's t-tests): *P< 0.05.
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Corticosteroids may in¯uence body composition by
stimulating food intake (Mingrone et al, 1998), promoting
fat deposition (Chalew et al, 1995), or by reducing energy
expenditure (Mingrone et al, 1998). In the present study
population, corticosteroid therapy did not signi®cantly
in¯uence dietary intake (Geerling et al, 1998) or body
hydration. However, percentage body fat tended to be
higher in those females with steroid therapy compared
with controls. In males, an opposite trend was observed.

Although small but homogenous patients groups were
studied, the observed differences between males and
females in this present study are interesting and have not
often been described. Medical treatment and disease activity
did not differ between males and females. To our knowl-
edge, only one previous study reported gender differences
in the change of body water compartments due to in¯am-
mation or malnutrition-associated disease (Baarends et al,
1997). An elevated ECW:ICW ratio was shown in depleted
females with COPD compared with non-depleted females,
while no such difference was found in males with COPD.
Data suggests that there may be gender differences in the
ef®ciency of energy metabolism under metabolic stress.
This hypothesis was tested in rats in a study by Cortright
et al (1997) and it was found that daily exercise reduced fat,
protein and body mass in male but not in female rats despite
a more negative estimated energy balance in female rats.
The authors mentioned gender-speci®c hormonal responses
as a possible mechanism for their ®ndings. However, the
cause of the altered body water distribution in female
patients compared with controls observed in the present
study is not yet clear. It should be noted however, that we
did not standardise for menstrual cycle. This may have
caused an increase in variation (standard deviation) in the
results of the females.

Conclusions

In summary, female patients with IBD showed a signi®-
cantly increased ECW:ICW ratio, and a decreased intracel-
lular hydration of FFM was observed. Fluid shifts were
most pronounced in female patients with recently diagnosed
CD, which suggests that an recent acute in¯ammatory
process, besides malnutrition, could be a major contributing
factor to the altered body composition. In male IBD
patients, no signi®cant changes in body water distribution
were observed. Our ®ndings stress the importance of a
comprehensive measurement of body composition in IBD
patients and further studies are warranted to elucidate the
observed disease-induced differences in body composition
between female and male IBD patients.
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