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Abstract Background and aims:
Genetic susceptibility plays an im-
portant role in the predisposition to
inflammatory bowel disease (IBD),
but genetics alone cannot explain
the six- to eightfold rise in inci-
dence accompanying postwar socio-
economic changes in developed
countries. It is presently unclear
how environmental factors either
trigger or modify the risk for and
course of IBD in the presence of ge-
netic susceptibility. Patients and
methods: We evaluated 2,351 con-
secutive responses from IBD pa-
tients and from 3,364 of their unaf-
fected first-degree relatives (par-
ents/siblings) who completed a
multi-item questionnaire with their
physicians as part of a study of IBD
genetics. All single-patient families
were excluded from the analysis to
avoid ascertainment bias, resulting
in 120-133 independent cases for

the analysis of environmental fac-
tors and 1,685 patients to be includ-
ed in the analysis of birth rank.
Results: No statistically significant
association was observed between
the presence of IBD and the avail-
ability of either (warm) tap water,
water toilets, or central heating dur-
ing childhood. However, higher
birth rank (=3) was significantly as-
sociated with a lower risk of IBD
(odds ratio 0.68). Conclusion: Low-
er birth rank as a possible indicator
of increased childhood infection ex-
posure was associated with a higher
risk for IBD. Future studies need to
address the interaction of known ge-
netic variations (e.g., in the NOD2
gene) with environmental factors
potentially mediating this effect.
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Introduction

A worldwide increase in the incidence of inflammatory
bowel disease (IBD) has occurred since World War II.
As corroborated by (a) the observed leveling of the
north-south incidence gradient in Europe [25] and (b) in-
cidence differences noted relative to migrant populations
[23], socioeconomic improvements induce a shift from
low risk to high risk for IBD (approx. six-eightfold in-
crease). While it is difficult precisely to define “Western
life-style”, one of the possible explanations for this de-
velopment involves changes in childhood living condi-
tions that would have served to alter the maturation of

the intestinal and systemic immune system. Among the
factors involved, the amount and timing (late vs. early)
of infection and antigen exposure may play an important
role. This process cannot be assessed directly, but surro-
gate markers such as childhood hygiene, family size, and
birth order have been used to measure the associated ef-
fects [1, 10, 17].

Individual aspects of the so-called “sheltered child”
hypothesis of IBD [6, 11] have been investigated previ-
ously. Gent and colleagues [5] found an effect of child-
hood hygiene on the risk for Crohn’s disease. The ob-
served association between high levels of sanitation and
hygiene in childhood and the incidence of Crohn’s dis-
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ease may, however, be indirect and may merely serve as
a marker for other life-style facets in industrialized coun-
tries. Additional findings concerning family size and
birth order have been inconsistent [6, 22] although a
more recent publication has reiterated the association of
birth order and IBD [15].

Familial clustering has been a consistent finding
with IBD [2, 3, 20, 21]. Significant advances have been
made towards a delineation of the genetic basis of the
disease by defining the first genomic candidate regions
[8, 24] and replicating them in independent populations
[14, 19]. Recently NOD?2 has been identified as the first
susceptibility gene for IBD in four different popula-
tions [7, 9, 18]. Homozygous carriers of the C-insertion
mutation in the leucine-rich region of the NOD2 gene
have a very high risk of IBD, and no unaffected indi-
vidual with this genotype had been observed in either
of the studies.

It is still unclear how putative environmental risk
factors interact with the susceptibility genotype [4].
Our interest was thus to investigate the effect of envi-
ronmental factors on the relative risk of IBD and on
disease type and characteristics. Therefore, a large
number of spontaneous and familial IBD cases were
collected and compared to unaffected relatives, who
served as internal controls. This approach adds to popu-
lation-based case/control studies in that it allows the in-
vestigation of environmental factors in the presence of
genetic susceptibility.

Patients and methods

Study population

In July 1996, a letter introducing the present study was sent to all
8,340 members of the German Crohn’s and Colitis Foundation
(Deutsche Morbus Crohn und Colitis ulcerosa Vereinigung). Pa-
tients for whom the diagnosis of IBD had been documented by
standard clinical, endoscopic, or radiological criteria, and for
whom first-degree relatives (parents or siblings) were available
were considered eligible for participation. The first 2,351 consecu-
tive respondents (1,468 Crohn’s disease, 651 ulcerative colitis,
232 indeterminate colitis) plus 3,364 of their unaffected family
members were enrolled in the study. Patients were coded as inde-
terminate colitis if they had their diagnosis changed during the
course of their illness.

All participants completed a multi-item questionnaire together
with their physicians. Neither the physicians nor the patients were
aware of the hypotheses to be investigated. From July 1996 to Jan-
uary 1998, a telephone hotline was available for patients and phy-
sicians to provide assistance if and when formal questions regard-
ing the questionnaire arose. All patients gave informed consent
before inclusion in the study. The study protocol was approved by
the institutional ethics committees and by the regional government
data protection authorities (Landesdatenschutzbeauftragter).

Clinical and epidemiological information

Information on the factors to be investigated in the present study
was obtained through specific items in the questionnaire:

— Availability of warm tap water during the first 3 years of child-
hood (coded yes/no)

— Classification of community size for both the childhood and
current place of residence (village: under 3000 inhabitants;
town: 3,000-100,000 inhabitants; city: over 100,000 inhabit-
ants)

— Number, age, and sex of children and siblings

Clinical information was obtained via questions that could be an-
swered reliably by the family physician or the patient himself:

— Type of disease (Crohn’s disease, ulcerative colitis, or undeter-
mined colitis)

— Confirmatory diagnostic method used (endoscopy, histology,
or radiology)

— Presence of stenoses, fistulae, extraintestinal manifestations
(yes/no)

— Total duration of hospital inpatient stays (never, less than a
month, 1-3 months, 3—6 months, >6 months)

— Total postdiagnostic duration of steroid medication more than
10 mg prednisolone or equivalent (never, less than 1 month,
1-3 months, 3—6 months, up to 1 year, more than 1 year)

— Total number of surgical operations

Quality management and exclusions of patients

Interaction with the family physician or gastroenterologist was
guaranteed by a request for concurrent venipuncture (blood sam-
ple used for DNA preparation) at the physician’s office. Question-
naires without an accompanying blood sample were not processed.
To assess the validity of the answers given to the questionnaire all
participants received a second questionnaire after 6-9 months re-
peating core items of the first survey in a different order and in
different wording. Based upon the second survey additional rea-
sons for exclusion were defined as (a) lack of completion of the
second questionnaire, either because the patient was enrolled too
recently (less than 6 months previously) or because they failed to
complete the second questionnaire, and (b) irresolvable differ-
ences in answers given to the two questionnaires.

Risk analysis of environmental factors and family structure

For the sake of comparability over generations, the present study
had to focus on the epidemiology of IBD among patients and their
siblings. This means that only data from sibships were used, and
that parental data were neglected unless a parent himself was af-
fected or was a sibling of a patient. Furthermore, sibships were in-
cluded only if in their questionnaires all members had given con-
sistent answers regarding number, age, and sex of the siblings. In
this case all healthy siblings were included in the analysis even if
they had not themselves filled out a questionnaire. Families with-
out a questionnaire from at least one affected member were ex-
cluded from the analysis. The above criteria resulted in the inclu-
sion of 1,954 IBD patients and 289 unaffected siblings in the anal-
ysis. Single children and other small family structures were not
found to be overrepresented in the sample compared with German
birth rate statistics from 1960 to the present [26].

Statistics

Potential disease associations were assessed for statistical signifi-
cance using the 2 test. Relative disease risks were quantified in
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Table 1 Effect of environmental factors on the risk for inflammatory bowel disease (OR odds ratio, CI confidence interval)

Environmental factor Patients Unaffected sibs OR 95% CI1
Present Absent Present Absent

Tap water 106 27 184 44 0.94 0.53-1.66

Warm tap water 67 55 109 112 1.25 0.78-2.00

Water toilet 102 30 155 64 1.40 0.83-2.39

Central heating 45 75 74 161 1.31 0.80-2.12

Table 2 Effect of sibship size on the risk for inflammatory bowel
disease

Sibship size Patients Nonaffected Total
relatives

2 siblings? 94 143 237

>2 siblings2 71 124 195

Total 165 267 432

aIncluding index patient; only families with at least one patient and
one additional sibling were included in this analysis; in addition,
the index patients themselves were excluded from the analysis

the form of odds ratios with associated 95% confidence intervals.
Family recruitment was carried out through index patients and was
therefore not random. Any causal relationship between mere fami-
ly size and one of the environmental factors studied here would
have led to a spurious association with the disease state. To con-
trol for this possible ascertainment bias, one patient per family
was excluded from the analysis of the environmental factors. This
lead to a substantial reduction in the number of individuals avail-
able for analysis, leaving 120-133 patients with IBD and 219 —
235 unaffected siblings for inclusion. A similar reduction in sam-
ple size had to be applied in the analysis of sibship size. In the
analysis of birth order, however, all patients were included as long
as they had at least one sibling in the data set, i.e., only one-child
families were excluded. Ascertainment bias is a serious issue with
respect to birth order only if the patient is the sole child of a cou-
ple (in which case their birth rank would always be equal to 1).
The exact numbers of individuals included in each of the analyses
are given in Tables 1, 2, 3.

Results

Neither the availability of tap water, warm water, water
toilet, nor the presence of central heating during child-

hood were significantly associated with the risk of IBD
(Table 1). Nevertheless, a trend towards a higher risk
was associated with the availability of warm water (odds
ratio 1.25, 95% CI: 0.78 — 2.00), water toilet (odds ratio
1.40, 95% CI: 0.83 — 2.39), and central heating (odds ra-
tio 1.31, 95% CI: 0.80 — 2.12).

Sibship size in families with two or more siblings
was not significantly associated with the risk for IBD
(Table 2, %2=0.48, 1 df, P>0.20). In the analysis of birth
rank and disease risk, however, birth later in the sibling
order was associated with a significantly lower risk for
IBD (Table 3). A global 2 test (Table 3) showed that
this trend was significant at the 95% level (%2=9.96,
4 df, P=0.04). When birth ranks are categorized as
“low” (birth rank <3) or “high” (birth rank =3), an odds
ratio of 0.68 for higher birth ranks was obtained (95%
CI: 0.51-0.91). A collapsed %2 analysis showed that this
risk reduction was highly significant (}2=7.13, 1 df,
P=0.008).

Discussion

Population-based case-control studies including that of
Gent and colleagues [5] have suggested that environ-
mental factors (e.g., hygiene and sanitation in childhood)
are major modifiers of the individual risk for IBD. These
earlier studies indicated that the risk of developing
Crohn’s disease can increase by as much as fivefold in
the presence of hot water supply, as opposed to a lack of
warm tap water.

Surrogate markers of improved sanitation including
(warm) tap water, water toilets, and central heating were

Table 3 Effect of birth rank on the risk for inflammatory bowel disease; only sibships with at least one patient and one additional sib-
ling were included in the analysis (OR odds ratio, CI confidence interval)

Birth rank Patients Unaffected sibs Given rank vs. higher ranks Given rank vs. lower ranks
OR 95% CI OR 95% C1
1 585 71 1.33 0.98-1.80 - -
2 640 89 1.38 0.99-1.91 0.87 0.62-1.23
3 289 49 1.35 0.83 0.77 0.54-1.10
4 98 24 0.84 2.19 0.56 0.35-0.93
>4 73 15 - - 0.70 0.39-1.30
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also investigated in the present study. In our view, indi-
cators of socioeconomic conditions can serve as surro-
gate measures of childhood exposure to infections and
natural environmental antigens. Firstborn children are
usually exposed to infection later in life (e.g., after enter-
ing childcare facilities or nurseries) than their younger
siblings who might come in contact with common viral
and bacterial infections through their siblings [13]. How-
ever, none of the investigated parameters was found to
be statistically significantly associated with IBD, al-
though a trend towards higher risks was observed for the
availability of warm tap water, water toilet and central
heating.

The lack of statistical significance of our results re-
garding environmental exposure is likely to reflect the
limited power of the data due to the exclusion of single
patient families. This correction, however, was necessary
to avoid ascertainment bias due recruitment of families
through index patients. This notwithstanding, the ob-
served trends indicate that any potential effect, if it were
to exist, is likely to be smaller than previously thought
[5].

Higher birth order was found to be associated with a
lower risk of IBD in the present study. The odds ratio of
0.68 for birth rank of 3 or higher is in agreement with re-
sult from a recent study in Swedish IBD patients [15]
which reported an odds ratio of 0.83.

A more northern European, “Westernized” life-style
has accompanied the economic development of all
southern European countries. Therefore the previous
north-south gradient in the incidence of IBD in Europe
and its apparent leveling over the past 20 years appear to
corroborate our own findings. Effects of small family
size and the consequently lower or later exposure to

common infections have been invoked for a number of
conditions such as asthma, atopy [16, 17, 27], and multi-
ple sclerosis [1, 10] to explain their increased incidence
in Western countries. All these conditions, at least in
part, have an autoimmune pathogenesis, and their in-
creased frequency might reflect altered maturation pro-
cesses of the immune system in childhood. However, the
molecular mechanisms of these processes remain to be
elucidated [12, 28].

In summary, our study adds evidence to the notion
that indicators of childhood infection exposure are asso-
ciated with an increased risk for IBD. The recently iden-
tified susceptibility gene for Crohn’s disease, NOD?2, is
activated in response to lipopolysaccharide. This finding
also supports our results in that an altered intestinal flora
or an altered immune maturation of the intestinal lym-
phatic system may be the consequence of the life-style
changes investigated in the present study. Overall the ef-
fects, however, are moderate and indicate the effect of
other environmental factors that need to be studied more
specifically in future studies.
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