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ABSTRACT
Introduction: inflammatory bowel disease (IBD) is a multifactorial pathology with an
increasing incidence. There is no study that has assessed a possible relationship with
very high residential radon exposure in the study area. The aim of the study was to
analyze if residential radon concentration is associated with a higher incidence of IBD.
Material and methods: an ecological study was performed. All incident cases of
inflammatory bowel disease in the area of Santiago de Compostela were included
between January and December 2017. Radon levels at a municipal level were
correlated with demographic factors and type of IBD.
Results: ninety-six patients were included, 63 (65.6 %) with ulcerative colitis, 29
(30.25) with Crohn’s disease and four (4.2 %) with indeterminate colitis. The incidence
rate per 100,000 inhabitants-year was 21.6 cases. There were no statistically significant
differences in the type of disease developed regarding radon levels (p > 0.05). No
correlation between radon levels and the cumulative incidence of inflammatory bowel
disease at the municipal level was observed (Spearman’s rho = 0.13, p-value 0.5).
Conclusion: in the area of Santiago de Compostela, there is a higher incidence of IBD in
comparison with previous studies using western countries as reference. However,
there was no correlation with the municipal average radon concentration and
incidence of IBD or any of its types in this study.
Keywords: Inflammatory bowel diseases. Incidence. Radon.
INTRODUCTION

Inflammatory bowel diseases (IBD) are a group of pathologies of unknown etiology,
with a sustained and self-perpetuating expression of an abnormal synthesis of
inflammation mediators, affecting genetically predisposed people and initiated by
partially identified environmental factors. There is a genetic influence, with more than
80 genes involved in the development of Crohn’s disease (CD) (1), participation of
immunological factors with an imbalance of pro and anti-inflammatory cytokines and
influence of environmental factors.
Many risk factors have been associated with the development of IBD, such as tobacco
in CD, stress, depression and anxiety, dietary habits, changes in intestinal microbiota
and dysbiosis, the “hygiene theory”, gastrointestinal infections, vaccination, use of
antibiotics, non-steroidal anti-inflammatory drugs and the use of contraceptives,
among others. There are also some protective factors, such as tobacco and
appendectomy for ulcerative colitis (UC) and breastfeeding (2-6).
The incidence of these diseases varies depending on the geographical area, with a
north-south (7,8) and west-east gradient. The incidence is higher in industrialized and
developed countries (9,10) as well as in urban compared to rural areas and at higher
latitudes (which may be related to less sun exposure and lower levels of vitamin D,
with the consequent decrease in its anti-inflammatory effects) (10). Living in coastal or
inland areas also influences the development of the disease (11), with a higher
prevalence of CD on the coast and of UC inland. The healthcare area of Santiago de
Compostela has one of the highest incidence rates of IBD throughout all the national
Spanish territory (12).
In Galicia, a region located in the northwest of Spain, there is a higher incidence of
inflammatory diseases in relation to other regions. Thus, this could be related to
environmental risk factors. Among them, high indoor radon concentrations might play
some role, as Galicia is a radon-prone area due to the geological composition of the
Galician subsoil (13). Radon is a colorless, odorless and tasteless radioactive gas that is
released from radium-226 contained in subsoil rocks after a radioactive decomposition
process. This gas is a human carcinogen, causing lung cancer, but its association with
inflammatory diseases has not been formally studied. A recent paper has suggested a
synergic effect between radon and smoking and the onset of chronic obstructive

pulmonary disease (COPD), an inflammatory lung disease (14).
The aim of this study was to assess if there was a correlation between average
municipal radon concentrations and an incident diagnosis of IBD. Furthermore, its
association with the clinical and demographics characteristics of the disease at a
municipal level in the study area were also assessed.
MATERIALS AND METHODS
Design and settings
The study area has a population of 442,950 inhabitants, distributed in rural and urban
areas, with 100,000 inhabitants where the main hospital is located. This healthcare
area comprises 46 municipalities, which were the units of study.
An ecological study was performed that aimed to correlate IBD (UC, CD or
indeterminate colitis) incidence with the average indoor radon concentration in the
municipalities of the healthcare area. The annual incidence of IBD and its types was
calculated after recruiting all consecutive cases diagnosed in our unit between January
and December 2017. For each municipality, the population aged over 18 (overall, and
broken down by sex) obtained from the Galician Institute of Statistics (IGE) January 1st
2017 was used as the denominator.
All cases complied with the following inclusion criteria: age over 18, diagnosis of IBD
and resident in the Health Area of Santiago de Compostela. For the diagnosis of IBD
and according to the European Crohn’s and Colitis Organization (ECCO) guidelines,
clinical, biochemical, endoscopic and histologic criteria must be used as there is no
single test that provides a definitive confirmation. For diagnostic confidence, it is
mandatory to perform an ileocolonoscopy with biopsies for histological analysis, which
is performed in all patients with suspicion of the disease (15). Patients with a nondefinitive diagnosis of the disease or patients with a residence outside the Health Area
of Santiago de Compostela were excluded.
The following information was obtained from each case: demographic variables such
as residence location and type of dwelling (flat or house) and clinical variables (sex,
age, smoking habit, type and characteristics of IBD). Indoor radon exposure by each
municipality was obtained from the Galician Radon Map (www.radon.gal), developed

by the Galician Radon Laboratory, located at the University of Santiago de Compostela.
This map contains more than 4,300 indoor radon measurements in Galicia. This
laboratory is certified by the National Entity of Accreditation (it is one of the three
Spanish certified labs) and has international recognition to study the effect of radon in
health (16,17).
The study protocol was approved by the Ethics Research Committee. All patients
signed the informed consent.
Statistical analysis
The relationship between radon levels by municipality (geometric mean and
percentage of houses above 300 Bq/m3) and type of IBD was studied. The difference
between radon levels and location of the residence (rural vs urban) and the difference
in levels and the type of residence (house vs flat) were analyzed. Medians were
compared via non parametric Mann-Whitney and Kruskal-Wallis tests. Correlation
studies were calculated with the Spearman’s test. Stata® 15 (StataCorp LP, Texas) was
used for statistical analysis.
RESULTS
Ninety-six patients were included, with a median age of 41 years and an interquartile
range between 33 and 56. Half (50.0 %) were female and 50.0 % were nonsmokers.
Sixty-nine individuals (71.9 %) were resident in a rural area and 56 patients (58.3 %)
lived in a detached house.
Regarding the classification of IBD, 63 (65.6 %) patients had UC, 29 (30.2 %) had CD
and four (4.2 %), indeterminate colitis. Among patients with CD, 93.1 % (27 patients)
did not present perianal disease, which was present in 6.9 % (two patients). With
regard to patients with UC, 30 (47.6 %) had proctitis, 18 (28.6 %) had left sided colitis
and 15 (23.8 %), pancolitis. In the group of patients with CD, 14 (48.3 %) had
exclusively ileal involvement, four (13.8 %) colonic involvement only and eleven
(37.9 %) ileocolonic involvement. The upper intestinal tract was not affected in any
patient. When dividing the patients with CD according to their behavior, 69 % were
inflammatory (non-stricturing, non-penetrating), 24 % stricturing and 7 % penetrating.

Table 1 shows clinical and demographic characteristics.
The incidence rate of IBD per 100,000 inhabitants and year was 21.6 cases and ranged
between municipalities from 11.2 cases/100,000 inhabitants in A Estrada to 33.8
cases/100,000 inhabitants in Lousame. The median incidence was 29.8 cases per
100,000 inhabitants. The incidence of IBD was similar in rural municipalities (thinly
populated) versus urban municipalities (densely populated), and on the coast (near the
sea) versus inland (situated in the interior of the territory). The annual incidence rates
per 100,000 habitants were 6.5 for CD, 14.2 for UC and 0.9 for indeterminate colitis.
The number of radon measurements available for each municipality ranged from 3 to
284. Indoor radon exposure was highly variable, and the geometric mean ranged from
65.0 Bq/m3 to 257.6 Bq/m3.
There was no correlation between municipalities with more or less than 10 % of the
dwellings with values > 300 Bq/m3 and annual incidence of UC or CD (high or low,
taking the national incidence as a reference) (p > 0.05). The results are shown in
figures 1 and 2. When stratifying the population by sex, there was no correlation (p >
0.05). There was no correlation between cumulative incidence per municipalities and
radon concentration (Spearman’s rho = 0.13, p-value 0.5), nor when stratifying by sex,
with Spearman’s rho = -0.13 in females (p-value 0.5) and Spearman’s rho = 0.06 in
males (p-value 0.7). A correlation between cumulative incidence per municipalities and
percentage of radon measurements above 300 Bq/m3 was not observed (Spearman’s
rho = 0.16, p-value 0.4).
The average geometric mean radon concentration was 122.7 Bq/m3, with a maximum
value of 257.64 Bq/m3. No correlation between indoor radon and subtypes of IBD was
observed (Spearman’s rho = 0.06, p-value 0.5). The median radon concentration in
rural areas was 123.97 Bq/m3 and 119.67 Bq/m3 in urban areas. There was no
correlation between radon levels and residence location (rural vs urban), with
Spearman’s rho = 0.02, p-value 0.9, or house vs flat, with Spearman’s rho = 0.12, pvalue 0.3. There were no statistically significant differences between radon levels and
location (rural vs urban) and the characteristics (flat vs house) of the residence (p >
0.05). There were no statistically significant differences between radon levels and sex
and no correlation between radon levels and age of the study participants, with a

Spearman’s rho of -0.13 (p-value 0.2). When dividing the population in age groups (≤
65 or > 65 years), there was no significant variation in radon levels (p > 0.05).
There were no statistically significant differences between radon concentration
according to the classification of IBD (UC, CD or indeterminate colitis) (p > 0.05).
Analyzing patients with UC separately, the median radon concentration was 104.9
Bq/m3, 118.38 Bq/m3 in CD and 168.13 Bq/m3 in indeterminate colitis.
DISCUSSION
In this study, there was no association between IBD and indoor radon concentration in
the study area. There was no association with gender, IBD type or age at diagnosis.
Nevertheless, we must highlight that these are preliminary results from an ecologic
study with many limitations (discussed below). Furthermore, to our knowledge, this is
the first study of the association between indoor radon exposure and IBD.
In Galicia (North-West of Spain), there is a higher incidence of IBD, especially UC,
compared to other regions. Thus, there may be some environmental risk factors
involved. Among them, high radon concentrations may play some role. These
concentrations are high in this territory compared to surrounding areas because of the
geological composition of Galician subsoil. Granite rocks are very rich in uranium and
hence, there is a higher concentration of radon in Galicia. This gas has been related to
the appearance of lung cancer (18), and radon exposure was classified as a human
carcinogen many years ago (19).
The study area (Santiago de Compostela Health Area) has a high incidence of IBD, both
CD and UC (21.6 cases per year per 100,000 habitants, 6.5 for CD and 14.2 for UC,
respectively) compared to previous studies performed in western countries. Our study
shows a higher incidence, when taking the study performed by ECCO as a reference,
which found a global incidence of IBD in western European countries of 18.5 cases per
100,000 habitants per year (9.8 for UC and 6.3 per CD). Compared with the EpidemIBD
study by Chaparro et al. (12), where an incidence of 16 cases of IBD per 100,000
habitants/year (eight cases of UC and 7.5 cases of CD) was observed in the Spanish
population, the Health Area of Santiago de Compostela also has a higher incidence.
Therefore, the incidence in the area of Santiago de Compostela found in this study is

higher than the overall incidence observed in Spain.
There could be some biological mechanisms suggesting that radon might have some
effect on IBD onset. One has been suggested for other diseases outside the respiratory
system. In this case, solid descendants of radon gas (i.e., polonium) could be
phagocytosed by macrophages from the cell lining of the lungs and disseminated to
the digestive system or other areas of the body. It has also been suggested that alpha
radiation might be involved in inflammatory diseases, with some effect on
interleukine-8 (14). These mechanisms could be the basis of the biological pathway of
indoor radon causing some effect on IBD. A further explanation could come from
radon diluted in drinking water, although other studies did not find an association with
kidney diseases. We have to highlight that most participants live in areas with treated
water and do not usually drink water from private wells.
Since this study has an ecological design, some limitations must be highlighted. The
most important is that individual radon measurements have not been used in the
participants’ dwellings and this has been substituted by the municipal average.
Therefore, individual radon assignment does not necessarily represent the real radon
concentration of participants. A second limitation is the limited number of cases used
to estimate annual incidence by municipality. Although we have included all
consecutive cases diagnosed within a year from each municipality of the healthcare
district, a longer time series would have been more reliable for these estimations.
Nevertheless, as the patients originated from the only Gastroenterology Department
of the healthcare area and the full health coverage of all the population, this makes
our estimations representative. The short recruitment time means that some
municipalities have a low number of cases (or even none), since their population may
be lower than 3,000-4,000 inhabitants. Another limitation is that it was not possible to
know how much time the participants resided in their current home at the time of the
debut of the disease. Thus, it is difficult to know if the calculated radon concentration
was actually due to exposure during previous years. A final limitation is that this is a
single-center study, and only includes participants from the healthcare area of
Santiago de Compostela.

This study has also some advantages. Firstly, it was performed in a radon-prone area,
and should an association exist between radon and IBD, it is easier to be found in a
place such as Galicia. A further advantage is that this study includes incident cases,
with a consecutive sampling during one year. With regard to incident disease, all cases
have a correct diagnosis and a correct classification of each IBD type, as well as other
clinical parameters not analyzed in this study.
In summary, radon levels in the area of Santiago de Compostela are higher in
comparison with other territories, and this gas could be associated with some other
diseases apart from respiratory diseases. There is a higher incidence of IBD in the
Health Area of Santiago de Compostela in comparison with previous studies taking
western countries as a reference. It is still possible that some environmental risk
factors, such as radon concentration (very high in this region), might be responsible for
this difference. In the present study, it was not possible to demonstrate such an
association, maybe because of the sample size and its design. Future studies to answer
this research question should measure individual radon exposure to definitively
ascertain if such an association exists, preferably performed in radon prone-areas.
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Table 1. Clinical and demographic characteristics of cases diagnosed with IBD
Characteristics

Values

Median age (IQR)

41 (33.5 to 56)

Sex
Females

48 (50 %)

Males

48 (50 %)

Residence
Rural

69 (71.9 %)

Urban

27 (28.1 %)

House

56 (58.3 %)

Flat

40 (41.7 %)

Smoker
Yes

8 (8.3 %)

No

48 (50 %)

Ex-smokers

40 (41.7 %)

Inflammatory bowel disease
Ulcerative colitis

63 (65.6 %)

Proctitis

30 (47.6 %)

Left sided colitis

18 (28.6 %)

Pancolitis

15 (23.8 %)

Crohn’s disease

29 (30.2 %)

Ileal

14 (48.3 %)

Colonic

4 (13.8 %)

Ileocolonic

11 (37.9 %)

Upper intestinal involvement

0 (0 %)

Non structuring/non penetrating

20 (69 %)

Stricturing

7 (24 %)

Penetrating

2 (7 %)

Indeterminate colitis

4 (4.2 %)

Perianal disease

Yes

3 (3.1 %)

No

93 (96.9 %)

Comorbidities
Yes

No

23 (24.0 %)

Tumors

5 (5.2 %)

Pulmonary disease

6 (6.3 %)

Cardiac disease

2 (2.1 %)

Autoimmune disease

6 (6.3 %)

Neurologic disease

2 (2.1 %)

Gynecologic disease

1 (1.0 %)

Renal disease

1 (1.0 %)
73 (76.0 %)

Fig. 1. Relationship between municipalities with more than 10 % of the dwellings with
values > 300 Bq/m3 and a cumulative incidence of UC (high or low).

Fig. 2. Relationship between municipalities with more than 10 % of the dwellings with
values > 300 Bq/m3 and a cumulative incidence of CD (high or low).

