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BACKGROUND: Members of a subset of first-degree relatives
of adults with Crohn’s disease have been shown to have an in-
creased baseline intestinal permeability and/or an exaggerated
increase in intestinal permeability after the administration of
acetylsalicylic acid.
PURPOSE: To determine intestinal permeability in unaffected
first-degree relatives of children with Crohn’s disease before
and after the administration of an ibuprofen challenge.
METHODS: Lactulose-mannitol ratios, a measure of intesti-
nal permeability, were determined in 14 healthy control
families (41 subjects) and 14 families with a child with Crohn’s
disease (36 relatives, 14 probands) before and after ingestion of
ibuprofen. An upper reference limit was defined using the con-
trol group as mean ± 2 SD.
RESULTS: The proportion of healthy, first-degree relatives
with an exaggerated response to ibuprofen (20%, 95% CI 7% to
33%) was significantly higher than controls (P=0.003). The
exaggerated response was more common among siblings than
among parents of pediatric probands.

CONCLUSIONS: Members of a subset of first-degree relatives
of children with Crohn’s disease have an exaggerated increase in
intestinal permeability after ibuprofen ingestion. These findings
are compatible with there being a genetic link between abnor-
malities of intestinal permeability and Crohn’s disease.
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Perméabilité intestinale avant et après
l’ibuprofène dans des familles d’enfants
atteints de maladie de Crohn
HISTORIQUE : On a découvert chez les membres d’une sous-série de
parents proches d’adultes atteints de la maladie de Crohn, une
perméabilité intestinale de base accrue et/ou un accroissement de la
perméabilité intestinale après l’administration d’acide acétylsalicylique.
BUT : Déterminer la perméabilité intestinale chez des parents proches
non atteints d’enfants porteurs d’une maladie de Crohn avant et après
l’administration d’ibuprofène en test de provocation.
MÉTHODE : Les ratios lactulose-mannitol, une mesure de la
perméabilité intestinale, ont été calculés avant, puis après l’ingestion
d’ibuprofène chez 14 familles témoins en bonne santé (41 sujets)
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The etiology of Crohn’s disease remains unknown;
however, genetic and environmental factors are be-

lieved to contribute to the development of the disease. The
familial aggregation of inflammatory bowel disease
(Crohn’s disease and/or ulcerative colitis), which may be
attributed to either genetic or environmental factors, is
well recognized, with a 5% to 20% likelihood of finding
inflammatory bowel disease in relatives of a proband (1-5).
A recent survey determining familial empirical risk of in-
flammatory bowel disease estimated that between 5% and
8% of first-degree relatives of affected patients will develop
Crohn’s disease in their lifetime (6).

One approach to the identification of a genetic cause of
a given disorder is to search for clinical or phenotypic
markers, the occurence of which may mark the presence of
specific candidate genes that might predispose to the devel-
opment of the disorder – in this instance, Crohn’s disease.
Hollander et al (7) were the first to report increased intes-
tinal permeability in healthy, first-degree relatives of pa-
tients with Crohn’s disease and suggest that a familial
permeability defect may play a role in the pathogenesis of
the disease. However, subsequent studies have failed to
confirm this finding (8-15). One explanation for these
conflicting results is that not all first-degree relatives are
expected to share a permeability defect. As a result, when
mean values of intestinal permeability are compared be-
tween relatives and controls, the magnitude of the differ-
ence may be small, making it necessary to have a very large
sample size to avoid a type II error (16). A second explana-
tion is that the permeability defect in first-degree relatives
may manifest only after a provocative test with a nonster-
oidal anti-inflammatory drug (NSAID) (17). Thirty-five
per cent of relatives of adults with Crohn’s disease exhib-
ited an exaggerated increase in intestinal permeability in
response to acetylsalicylic acid (ASA), which is consistent
with the latter hypothesis. Evaluation of the limited
number of patient-relative pairs within the study popula-
tion suggested concordance in the permeability results
among family members with Crohn’s disease (18).

The objectives of the present study were to measure in-
testinal permeability before and after an ibuprofen chal-
lenge in families (first-degree relatives) of children with
Crohn’s disease and to examine concordance in permeabil-
ity results among family members. Children were studied
because the familial aggregation of Crohn’s disease has
been shown to be associated with a lower age of onset in af-
fected individuals of successive generations (19-22). Stud-

ies of affected parent-child pairs have shown that parents
are between five and 15 years older than children at onset
(20,23,24). This is compatible with either a greater ge-
netic susceptability in patients who develop inflammatory
bowel disease at a younger age or genetic anticipation, the
tendency for successive generations to develop disease of
increasing severity and earlier onset. A single rather than
multiple dose regimen of the drug ibuprofen was selected
for the NSAID challenge for simplicity and feasibility. It
was felt that the simpler single dose would improve re-
cruitment and reduce dropout from poor compliance or ad-
verse effects. The NSAID ibuprofen was selected because
we thought that parental concern over the use of ASA,
which has been linked to Reye’s syndrome in children,
might limit recruitment.

SUBJECTS AND METHODS
Subjects: The study was approved by the Conjoint Medical
Regional Ethics Board representing the University of Cal-
gary and the Calgary Regional Health Association, and
written informed consent was obtained from participating
families. Of all the families of children with Crohn’s dis-
ease followed at the Gastroenterology Clinic at Alberta
Children’s Hospital, 31 met the inclusion criteria of having
a child with Crohn’s disease in clinical remission, assessed
by the attending pediatric gastroenterologist using a previ-
ously validated pediatric Crohn’s disease activity index
(25). Seven families refused to participate because the pro-
band did not agree to do the test. Among the 24 remaining
families who gave informed consent, 14 children (less than
18 years of age) with Crohn’s disease and their complete
families (36 first-degree relatives of children with Crohn’s
disease) completed the permeability studies. Fourteen
healthy families (recruited from the out-patient fracture
clinic and the families of staff at Alberta Children’s Hospi-
tal) comprised the control group (41 family members). All
relatives and controls were free of gastrointestinal symp-
toms. Asymptomatic relatives and controls were not inves-
tigated to identify undiagnosed Crohn’s disease. Exclusion
criteria for the families of healthy control children or fami-
lies with an index child affected by Crohn’s disease were
regular use of ASA/NSAID (at least once a week), allergy
or contraindication to ibuprofen, diabetes mellitus, renal
insufficiency and, for children with Crohn’s disease, clini-
cal relapse.
Study protocol: Subjects were instructed not to consume
alcohol or NSAID for at least three days before permeabil-
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et 14 familles dont un enfant est atteint de la maladie de Crohn (36
parents, 14 probants). On a défini la limite supérieure de référence à
l’aide du groupe témoin comme la moyenne ± 2 écarts types.
RÉSULTATS : La proportion de parents proches en bonne santé
présentant une réponse exagérée à l’ibuprofène (20 %, IC 95 %, 7
% à 33 %) a été significativement plus grande chez les témoins (p =

0,03). La réponse exagérée a été plus courante chez les enfants que chez
les parents des probants pédiatriques.
CONCLUSIONS : Les membres d’une sous-série de parents proches
d’enfants atteints de maladie de Crohn présentent un accroissement
exagéré de la perméabilité intestinale après l’administration
d’ibuprofène. Ces résultats concordent avec l’existence d’un lien



ity testing. Participants consumed the test solution before
bedtime and after a fast of at least 1 h. The test solution
contained lactulose 5 g (Technilab) and mannitol 2 g
(BDH Chemicals Inc) in 100 mL of water (osmolarity 273
osmol/L). Children received 2 mL/kg (maximum 100 mL)
of the test solution (lactulose 0.1 g/kg and mannitol 0.04
g/kg) and adults 100 mL. Subjects voided before drinking
the test solution and then collected all urine including the
first morning void in containers with 5 mL of 10% thymol
in methanol. Subjects underwent two permeability tests – a
baseline and a postibuprofen test. The second test was done
one to five days after the baseline test. A pilot study in
adults determined that an 800 mg dose of ibuprofen pro-
duced a percentage change in lactolose-mannitol (LM) ra-
tio similar to that reported in response to ASA (18). On
this basis, an oral dose of ibuprofen (adults: 800 mg; chil-
dren 10 mg/kg to a maximum dose of 800 mg) was admin-
istered, and 1 h later subjects consumed the test solution
and collected urine in an identical fashion to that for the
baseline permeability test. One child with Crohn’s disease
and one subject in the relatives group had an intolerance to
NSAID and did not perform the ibuprofen challenge.
Analytical methods: Urine samples were kept refrigerated
until analysis. Urine samples (10 mL) were deionized by
adding 1 g of a 1:1.5 (wt/wt) mixture of Amberlite IR-120
and IRA-400 resin (BDH Chemicals Inc). Following cen-
trifugation at 700 g for 10 mins, the supernatant was fil-
tered through a 40 µm/L Millipore filter (Millipore, Massa-
chusetts). Samples were separated on a Dionex MA-1
anion exchange column in a Dionex HPLC (Dionex) at
room temperature using 500 mmol/L sodium hydroxide as
the isocratic mobile phase. Peak identification was accom-
plished with the use of authentic standards and detected us-
ing pulsed amperometric electrochemical detection on a
gold electrode. Samples were diluted as necessary after ad-
dition of cellobiose as an internal standard.

Sample concentrations were quantified using linear in-
terpolation between concentrations of known standards at
multiple concentrations. All samples were diluted so that
concentrations of interest fell within the range of the stan-
dards.

The fractional excretion of each probe was determined

by calculating the proportion of the ingested probe that
was excreted in the urine. The LM ratio was obtained by
dividing the fractional excretion of lactulose by the frac-
tional excretion of mannitol. The LM ratio represents the
measure of intestinal permeability. To account for the
baseline level of intestinal permeability in each individual,
the percentage change in LM ratio after ibuprofen was
used as the main measure of interest, reflecting the re-
sponse to the NSAID challenge. This ratio was calculated
as follows:

Percentage change in LM ratio

=
−( ) )postibuprofen LM ratio baseline LM ratio

baseline LM ratio
× 100 (%)

Statistical analysis: Analyses were performed using the sta-
tistical software Stata 5.0 (Stata Corporation, Texas). All
statistical tests are two-sided with an alpha level of 0.05.
Descriptive statistics were performed on baseline charac-
teristics of children with Crohn’s disease and their first-
degree relatives, and controls. Baseline LM ratios did not
appear to have a normal distribution and are, therefore, ex-
pressed as median and range. The percentage change in LM
ratio postibuprofen was normally distributed, and data are
means ± SE. Baseline LM ratios were compared among
groups by using the Mann-Whitney U test. Changes in LM
ratio postibuprofen were compared among study groups by
using t tests. An upper reference limit was defined as mean
± 2 SD of the data from the control population. For base-
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TABLE 1
Demographic characteristics of controls, Crohn’s disease
children and their relatives

Controls Crohn’s Relatives

Parents
(n=20)

Children
(n=21)

Children
(n=14)

Parents
(n=23)

Children
(n=13)

Age, median
(range)

40
(32–49)

13
(6–17)

14
(6–17)

40
(31–64)

13
(8–17)

Female/male 13/7 8/13 3/11 13/10 6/7

Current smokers 6/20
(30%)

– – 4/23
(17%)

–

TABLE 2
Baseline lactulose-mannitol (LM) ratio, postibuprofen change in LM ratio (%) and proportion of controls, Crohn’s disease
children and their relatives with an exaggerated response to ibuprofen

Controls Crohn’s Relatives

Parents (n=20) Children (n=21) Children* (n=14) Parents* (n=23) Children (n=13)

LM ratio: median (range) 0.0144
(0.0067–0.0289)

0.0189
(0.0120–0.0532)

0.0271
(0.0139–0.1735)

0.0155
(0.0092–0.0349)

0.0197
(0.0110–0.0549)

Percentage change in LM ratio, mean (SE) 38 (11) 32 (8) 81 (43) 44 (14) 105 (49)

Exaggerated response to ibuprofen (%) 0 (0) 0 (0) 1/13 (8) 3/22 (14) 4/13 (31)

*One relative and one child with Crohn’s disease did not complete the ibuprofen challenge



line LM ratios, a logarithm transformation was used to
achieve normality, and the upper limit transformed back to
the original data.

The upper reference limit for the percentage change in
LM ratio was 123% above the baseline. The proportion of
abnormal individuals was compared among groups by us-
ing the Fisher’s exact test. Exploratory analyses were done
to determine whether adults’ intestinal permeability was
different from that of children.

RESULTS
Permeability tests were well tolerated, and none of the
children with Crohn’s disease completing the ibuprofen
challenge had a flare up of the disease attributable to the
test. Demographic characteristics of study subjects are
shown in Table 1. Relatives and controls were similar in
terms of age and sex. The proportion of smokers was
higher in adult controls than in adult relatives, but this dif-
ference was not statistically significant. The majority of
children with Crohn’s disease had small and large bowel
involvement (10 of 14) and were receiving medical ther-
apy (13 of 14). Baseline LM ratio and postibuprofen per-
centage change in LM ratio are presented in Table 2.

Children in both the control and relative groups ap-
peared to have higher baseline LM ratios than adults; how-
ever, this difference did not reach statistical significance.
If children and adults were considered together, the me-
dian baseline LM ratio in relatives (0.0176) was similar to
that in controls (0.0165). The median baseline LM ratio
in children with Crohn’s disease (0.0271) was signifi-
cantly higher than in control children (P<0.001). One of
41 subjects in the control group (2%) and two of 36 in the
relatives group (6%) had a baseline LM ratio above the up-
per reference limit. Baseline intestinal permeability was
not significantly different between smokers and nonsmok-
ers.

No subject in the control group and one of 13 (8%)
subjects in the group of children with Crohn’s disease
(8%) had a response to ibuprofen above the upper refer-
ence limit. Seven relatives (three parents and four sib-
lings) had a percentage increase in LM ratio postibuprofen
above the upper reference limit. Thus, the proportion of
relatives with an exaggerated response to ibuprofen (seven
of 35 [20%], 95% CI 7% to 33%) was significantly higher
than that in controls (P=0.003). When smokers (four
adults and no children in the group of relatives were cur-
rent smokers) were excluded from the analysis, the pro-
portion of relatives with an exaggerated response to
ibuprofen remained higher than that in controls (16% ver-
sus 0%, respectively; Fisher’s exact test P=0.06). In the
group of relatives of children with Crohn’s disease, the ex-
aggerated response to ibuprofen was more frequent among
siblings (four of 13 [31%]) than among their parents
(three of 22 [14%]), and the children appeared to have a
greater percentage change in LM ratio postibuprofen than
adults (105% versus 44% respectively), but this differ-
ence did not reach statistical significance. The mean per-
centage change in LM ratio postibuprofen in relatives
(mean 66%, SE 20%) and in children with Crohn’s dis-
ease (mean 81%, SE 43%) was higher than in the control
group (mean 35%, SE 7%); however, these differences did
not reach statistical significance.

Figure 1 shows the response to ibuprofen challenge (ex-
pressed as the percentage change in the LM ratio between
the baseline and the postibuprofen permeability studies) in
the three study groups. Figure 2 shows the pedigrees of the
families with abnormalities of intestinal permeability.
When children with Crohn’s disease (in whom abnormali-
ties of intestinal permeability are expected) were excluded
from the analysis, the proportion of families with abnor-
malities of intestinal permeability was higher in the
Crohn’s group (five of 14 [36%]) than in the control
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Figure 1) Change in lactulose-mannitol ratio postibuprofen.
Seven subjects in the relatives group (20%) and one child with
Crohn’s disease (8%) had an increase above the upper limit of
normal (dashed line is 123%)

Figure 2) One control (Family 1) and six families of children with
Crohn’s disease (Families 2 to 7) had abnormalities of intestinal
permeability. Open circles and squares indicate normal females
and males, respectively; left shaded figures indicate abnormal
baseline intestinal permeability; and right shaded figures indi-
cate exaggerated response to ibuprofen. CD Crohn’s disease;
FH+ Positive family history for Crohn’s disease



group (one of 14 [7.1%]), but this difference did not reach
statistical significance (Fisher’s exact test P=0.17).

DISCUSSION
Hollander et al (7) were the first to suggest in 1986 that
healthy, first-degree relatives of patients with Crohn’s dis-
ease have increased intestinal permeability. This generated
the hypothesis that abnormal intestinal permeability may
be a primary defect in Crohn’s disease families, leading to
the exposure of the gastrointestinal immune system to an
excessive antigen load, which initiates an intestinal inflam-
matory response in some family members that progresses
to the development of inflammatory bowel disease.

The present study aimed to assess intestinal permeabil-
ity in healthy, first-degree relatives (the parents and sib-
lings) of a pediatric population of patients with Crohn’s
disease to determine whether these first-degree relatives
had an exaggerated response to ibuprofen. By measuring
intestinal permeability in the complete family (the parents
and siblings) of children with known Crohn’s disease, we
also expected to obtain information regarding the consis-
tency of abnormalities of intestinal permeability within
families. Abnormalities in intestinal permeability in rela-
tives of children with Crohn’s disease were not apparent
using the standard LM permeability test but were detected
in response to the ibuprofen challenge. This is in agree-
ment with previous studies (17,18) and suggests that
members of a subset of asymptomatic and apparently
healthy members of families with Crohn’s disease (20%,
95% CI 7% to 33%) demonstrate an exaggerated response
to NSAIDs. The exaggerated response to ibuprofen was
more frequent among siblings of children with Crohn’s
disease (four of 13 [31%]) than among their parents (three
of 22 [14%]), but this difference was not significant. If the
difference could be shown to be significant in a larger
study group it would suggest that genetic predisposition
(more closely shared by siblings) may be more important
than environmental factors (shared by both parents and
siblings) in the pathophysiology of increased intestinal
permeability. Alternatively, it may be that age is an impor-
tant factor in determining susceptability to environmental
triggers (children may be more susceptible than adults).
Evidence of a recessive model of transmission in Crohn’s
disease has been found by using segregation analysis
(26,27); therefore, our findings are compatible with a ge-
netic link between abnormalities of intestinal permeability
and Crohn’s disease. The limited number of family pedi-
grees available suggests concordance in the type of perme-
ability response in families where multiple individuals ex-
hibit abnormal permeability tests. Whether abnormalities
of intestinal permeability are a primary defect in families
with Crohn’s disease or merely secondary to inflammation
remains an unresolved issue. The findings of the present
study are important in either case because even if the ab-
normalities of intestinal permeability are secondary to in-
flammation, they may reflect subclinical disease in the

subset of healthy, first-degree relatives of patients with
Crohn’s disease.

Our initial sample size estimation was based on data
from Hilsden et al (18). If it is assumed that 20% of rela-
tives and 1% of controls would have an abnormal re-
sponse, approximately 50 subjects are required in each
group to detect a difference between relatives and controls
with a power of 80% and an alpha level of 0.05. Recruit-
ment of families of patients with Crohn’s disease and con-
trol families fell short of the goal of 50 subjects/group (36
relatives and 41 controls, Table 1), which may explain
why some of the apparent differences (eg, higher baseline
LM ratios in children versus adults, a greater percentage
change in LM ratio postibuprofen in children versus adults
in the relatives group, and the mean percentage change in
LM ratio postibuprofen in relatives and in children with
Crohn’s disease versus the control group) did not reach
statistical significance.

Children with Crohn’s disease demonstrated increased
baseline intestinal permeability. This is in accordance with
previous data in both adults (28-30) and pediatric Crohn’s
disease patients (31-33). In response to the ibuprofen
challenge, children with Crohn’s disease did not generally
demonstrate an exaggerated response. This may be par-
tially explained by the fact that almost half of these pa-
tients were considered steroid dependent and were being
maintained in clinical remission on low dose daily steroid
therapy, which may have blunted the response to the
NSAID challenge.

There is some suggestion from this study that children
have higher intestinal permeability than adults (Table 2),
and the inclusion of children in our control group gener-
ated an upper reference limit for baseline LM ratios above
those used in our previous studies on adults (16,18). Data
from a previous study using a slightly different protocol for
the LM permeability test demonstrated a similar difference
without reaching statistical significance (34).

It has been suggested that smoking can decrease intesti-
nal permeability (35,36), but this remains debated
(18,37,38). The proportion of adult smokers in the con-
trol group was higher than that in the relatives of Crohn’s
patients group. Although this difference was not statisti-
cally significant, if smoking effectively decreases intestinal
permeability, results may still have been confounded if in-
testinal permeability was lowered in the control group
more than in the relatives group. However, intestinal per-
meability did not appear to differ between smokers and
nonsmokers. Furthermore, when smokers were excluded
from the analysis, the proportion of individuals with an ex-
aggerated response to ibuprofen remained higher in the
relatives group than in the controls group.

CONCLUSIONS
Members of a subset of apparently healthy first-degree
relatives of pediatric Crohn’s disease patients demonstrate
an exaggerated response to NSAID challenge. This abnor-
mality is more common among siblings than parents and is
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compatible with there being a genetic link between abnor-
malities of intestinal permeability and Crohn’s disease.
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