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Abstract

Background: The etiology of Crohn’s disease (CD) and Ulcerative Colitis (UC) remains unclear. It
has been suggested that apart from genetic factors, prenatal or perinatal environmental factors
could change the risk of developing inflammatory bowel disease (IBD) later in life. Seasonality in
birth distribution over the year has been demonstrated for several immune diseases, but studies
on IBD have had inconsistent results. Aim: The aim of this study was to investigate in the Nether-
lands the effect of the month of birth on the probability to develop IBD later in life. Methods: Birth
data from CD patients and UC patients of 4 different Dutch hospitals were compared to a control
group of irritable bowel syndrome (IBS) patients from the same hospitals. A chi-square test was
used to test whether there was heterogeneity between the monthly and seasonal birth rates of the
three groups. Results: The patient cohort consisted of 1183 CD patients and 1293 UC patients. The
control group consisted of 2113 IBS patients. Data showed no difference in birth distribution over
the year or over the four seasons of IBD patients as compared to the control group. P-values over
the year and over the seasons respectively are 0.428 and 0.237 for CD and 0.311 and 0.812 for UC.
Conclusions: There is no seasonality in the distribution of births of IBD patients as compared to
controls. The hypothesis that environmental factors present at the time of birth play a role in the
pathogenesis of IBD is not supported by these data.
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1. Introduction

IBD is characterized by chronic, recurrent inflammation of the Gastro Intestinal (Gl) tract. CD can affect any
component of the gastro-intestinal tract, although it mostly affects the terminal ileum, whereas UC is strictly li-
mited to the colon. CD and UC have distinct pathologic and clinical characteristics, however the precise etiology
and pathogenesis for both diseases are still unclear [1].

It has been suggested that, next to genetics, prenatal or perinatal environmental factors could change the risk
of developing inflammatory bowel disease later in life [2].

The immune system of a newborn baby is shaped and conditioned by the exposure to antigens from its envi-
ronment. It is conceivable that these earliest contacts between the innate immune system and the viruses and
bacteria that it encounters can shape the immune system in a certain direction. It is also conceivable that a baby
born in the winter is primarily exposed to a different set of infections, or antigens as compared to a baby born in
the summer. In this way these earliest antigenic contacts of the immune system may mold the immune system
more or less in a similar form. This may then, later on in life, translate into a susceptibility to acquire a certain
disease or on the other hand into protection to acquire a disease. A second hypothesis is that the gut flora is esta-
blished in the first weeks of being outside the uterus and it is conceivable that the initial gut microbiota of a baby
born in winter may therefore differ from the initial microbiota of a baby born in summer. This may explain why
the month of birth could predispose an individual to IBD [3].

This proposed cyclic variation in the birth pattern of patients is called “seasonality” and is not unique for IBD
alone. Similar correlations have been documented for other diseases in which the immune system or auto-immu-
nity is a crucial factor in the etiology of the disease such as diabetes type | and asthma [4] [5].

Therefore previous studies have sought a relationship between the month, or season of birth and the risk of
developing IBD later in life. However, outcomes of these studies differed substantially [2] [6]-[16]. So far no
such study was done in the Netherlands.

Since earlier studies are inconsistent and there is a lack of data from the Netherlands, this study aimed to ex-
amine the effect of the month of birth on the probability to develop IBD later in life in a Dutch population. We
compared birth data from a large cohort of IBD patients with a control group that consisted of IBS patients from
the same geographic region.

2. Methods

For this study, data from 4 different hospitals in different geographical areas of the Netherlands were used.
These hospitals were: Bernhoven Hospital-Oss, Meander MC-Amersfoort, MC Alkmaar (MCA), and Haga Tea-
ching Hospital-Den Haag (Haga). Gastroenterologists in the Netherlands are all working in specialty groups that
are based in a hospital. In the Netherlands there is a uniform registration and billing system for medical diagno-
sis (Diagnose-Behandel-Combinatie (DBC)). Patients were considered to suffer from IBD when they were en-
tered in the hospital billing system with DBC registration code 601 (CD) or 602 (UC), controls were all patients
from the same hospital with DBC code 205 (IBS).

The medical diagnosis as registered in the DBC system is a very reliable source for patient data and epidemi-
ology since we can be sure that a patient with a certain DBC code is indeed being diagnosed with the disease
that is registered in the system. There were no other specific inclusion of exclusion criteria; all patients with the
right DBC diagnostic code from the 4 hospitals were included. From the patient data in the DBC billing system
only the date of birth and the gender of the patient were obtained.

2.1. Ethics

In the analysis no patient identifiers were used. According to Dutch law this study did not require approval from
an institutional medical Ethic Board because only date of birth and gender of patients were revealed to the in-
vestigator.

2.2. Statistical Analysis

The rates of births per month in a population are not evenly distributed over the year, for example in 2010 more
children in the Netherlands were born in the months July, August, September and October [17]. We therefore
need a control group which represents the true distribution of births over the year. Patients with irritable bowel
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syndrome served as a control group in this study. In order to test whether there was heterogeneity (a significant
deviation from an expected distribution) between the months and seasons of birth we used the chi-square test.

Birth data from the control group were used to calculate expected rates of births per month. The observed
monthly rates of birth during the year in patients with CD and UC respectively were compared to the calculated
expected rates.

Secondly, seasonal birth rates were compared. Four clusters of three months were used to define the different
seasons: spring (March, April, May), summer (June, July, August), autumn (September, October, November),
winter (December, January, February).

The Database with birth dates and genders of the patients was built and managed with Microsoft® Excel soft-
ware. All statistical analysis was performed using IBM® SPSS® Statistics software, version 18. Differences were
considered to be statistical significant with P-values < 0.05.

3. Results

The study population consisted of 2476 IBD patients: 1183 CD patients, 1293 CU patients and a control group
of 2113 irritable bowel syndrome patients. Patient numbers and the percentages of CD, UC and IBS patients
from the different hospitals are shown in Table 1. The baseline characteristics were not significantly different
between the groups, although patients in the control group were slightly older. Also, CD patients and IBS pa-
tients were mostly female whereas this gender distribution was fifty-fifty in UC patients. These data are shown
in Table 2.

There was no difference in distribution of months of birth over the year between patients with IBD and the
control group. Table 3 and Table 4 show the expected and observed birth rates in every month of the year for
1183 CD patients and 1293 UC patients respectively. P-values are 0.428 and 0.237. Nor was there any differ-
ence when the expected and observed birth rates for the four different seasons of the year are compared between
IBD patients and the control group. P-values are 0.311 for CD patients and 0.812 for UC patients. This is shown
in Table 5 and Table 6. Based on these data a specific month of birth, or birth in one of the four seasons, is not
a risk factor for developing CD or CU later in life.

4. Discussion

In this largest study to date we found no role for seasonality in the pathogenesis of IBD. We used birth data ob-
tained from the Dutch billing system for gastroenterologists to investigate the monthly and seasonal variations in
month of birth among patients with CD and UC. For this study data were collected from four different hospitals
in various regions of Holland. This makes the data representative for the whole country and it reduces the

Table 1. Numbers of patients from four different hospitals.

Crohn’s disease Ulcerative Colitis Control Group Total
Be,(ln(r(ljz)\)/en 204 (25.2) 198 (24.5) 406 (50.2) 808 (100)
,'\\l/'(%g 255 (17.2) 352 (23.8) 872 (59.0) 1479 (100)
’:'?% 421 (30.9) 408 (30.0) 532 (30.1) 1861 (100)
Mez?\rl]c(i(%)MC 304 (24.3) 342 (27.4) 603 (48.3) 1249 (100)

Table 2. Baseline characteristics.

Crohn’s Disease Ulcerative Colitis Control Group

(N = 1183) (N = 1293) (N = 2113) Pvlle
Crohn: 0.18
Mean age (years) 46 50 55 Colitis: 056
Sex (%)
Male 34.2% 48.7% 31.1% Crohn: 0.66
Female 65.8% 51.3% 68.9% Colitis: 0.90
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Table 3. Observed vs. expected rates of birth for every month in 1183 patients with Crohn’s disease.

Months of the year Observed Number Expected Number
January 98 = 109.8
February 99 1 88.5

March 89| 109.8
April 96 = 104.1
May 109 = 108.6
June 99 = 94.6
July 105 = 101.9
August 114 = 108.0
September 108 1 96.3
October 92 = 93.0
November 79 = 85.1
December 951 83.4
$ (11d.f) 11.184
P-value 0.428

Table 4. Observed vs. expected rates of birth for every month in 1293 patients with ulcerative colitis.

Months of the year Observed Number Expected Number
January 115= 120.0
February 90 = 96.7

March 137 1 120.0
April 106 = 113.8
May 100 | 118.7
June 110 = 1034
July 125 ¢t 1113

August 100 | 118.0

September 104 = 105.2
October 102 = 101.6
November 107 1 93.0
December 97 = 91.2
¥ (11d.f) 13.926
P-value 0.237

Table 5. Observed vs. expected rates of birth for every season in 1183 patients with Crohn’s disease.

Season Observed Number Expected Number
Spring 294 | 3225
Summer 318 = 304.5
Autumn 279 = 2743
Winter 292 = 281.7
¥ (3d.f) 3573
P-value 0.311

Table 6. Observed vs. expected rates of hirth for every season in 1293 patients with ulcerative colitis.

Season Observed Number Expected Number
Spring 343 = 352.5
Summer 335 = 332.8
Autumn 313= 299.9
Winter 302 = 307.9
¥ (3df) 0.957
P-value 0.812
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probability of selection bias. Furthermore the unaffected control population was selected from the same hospit-
als and therefore originated from the same geographical area. Our data show no deviation from an expected dis-
tribution in birth rates over the year in IBD patients as compared to a control group of IBS patients. These find-
ings suggest there is no seasonal pattern in the risk to develop either CD or CU in the Netherlands.

Previous studies have had contradictory results. A very large population study from the United Kingdom (UK)
found no seasonality in the birth dates of IBD patients, which is in line with our data [12]. A second paper from
the UK (N = 1624) found a weak association with being born in the first half of the year and developing Crohn’s
disease [6]. An older study (N = 2175) from Sweden showed clustering of births from IBD patients during
spring. This was more pronounced for CD than for UC [2]. The same outcomes were recently found in a
case-control study from Canada (N = 11145). A study from Israel (N = 844) found a significant seasonality in
birth dates of CD patients: birth during the winter period was associated with a reduced risk of developing CD
and birth in the summer period was associated with an increased risk. No such clustering of births was found in
UC patients [9]. A more recent Chinese study (N = 409) showed that the birth rates of UC patients were higher
in the autumn-winter period than in the spring-summer period, which is in line with a Korean study (N = 727)
that was published lately [13]. Furthermore a study from Belgium (N = 1025) showed only significant results for
the month June: individuals born in this month had a reduced risk of developing CD later in life [10]. Three stu-
dies investigated the season of birth and childhood IBD [7] [8] [11]. One Danish study showed a peak in birth
dates in August and a trough in March, the second one, a British study, didn’t found any seasonality effect, and
in the last study from Slovakia most children that developed IBD were born between June and October and least
were born between December and March [7] [8] [11].

Although, as described above, some previous studies have suggested that a relationship between the month of
birth and the likelihood of developing disease later in life does exist these data are inconsistent and contradictory
in their findings. If there was true seasonality for IBD patients, one would expect positive studies would all
show a similar pattern, and this is not the case. However the summer months in the northern hemisphere are the
winter months in the southern hemisphere and there are a lot of different climate zones all over the world. Fur-
thermore none of the studies reflects whether the seasons of the consecutive years that were studied were typical
or hotter/colder than normal. These can all be reasons for the inconsistency of the outcomes of the previously
conducted studies.

Also, the number of patients in all of these studies differed and the observed effects might have occurred by
chance alone. On the other hand when the effect size is small there is a chance of type Il errors in studies with
small sample sizes. The present study, with 2476 IBD patients (1183 CD patients, 1293 UC patients), investi-
gates one of the largest IBD patient cohorts of all studies yet and its result are therefore probably more robust.

5. Conclusion

In summary, the present study shows that babies born in certain months or seasons of the year do not have a
higher risk of developing IBD later in life in the cohort. Based on our result we conclude that in the Netherlands
seasonality plays no role in the pathogenesis of IBD.
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