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ABSTRACT

Objective To determine whether occupational exposure to
silica dust causes an increased risk of developing Crohn’s
disease (CD) and ulcerative colitis (UC).

Design Case—control study of CD (K50) and UC (K51) from
2007 through 2016. Controls were matched to cases (2:1)
based on age, sex and county at the time of diagnosis. A
job exposure matrix was used to estimate the occupational
silica exposure of all cases and controls.

Setting Medical and occupational data from the National
Outpatient Register were used to implement a case—
control analysis, while the two controls used for each

case were selected from the National Register of the Total
Population.

Participants All men and women aged 20-65 years

old who were diagnosed with CD (K50) and UC (K51)
during the years of study were included and assigned two
controls, resulting in 58 136 cases and 116272 controls.
Main outcomes Silica dust exposure correlates with an
increased risk of developing UC in men and CD in women.
Results The prevalence of UC was significantly higher in
the group exposed to silica dust (OR 1.13, 95%Cl 1.06 to
1.21) than in controls, particularly in individuals with over
5 years exposure. When stratified by sex, a significantly
increased OR was detected for men (OR 1.33, 95% Cl

1.05 to 1.22). This trend was also consistent with longer
exposure times. The prevalence of UC was not increased
in exposed women. The prevalence of CD was significantly
increased among exposed women (OR 1.29, 95% Cl 1.01
to 1.65), but not for exposed men.

Conclusions Silica dust exposure correlates with an
increased risk of developing UC, especially in men, and
the risk seems to increase with the duration and degree

of exposure. Conversely, silica dust exposure correlates
positively with the risk of developing CD in women.

INTRODUCTION

Silica is a mineral composed of oxygen and
silicon that is highly abundant in the earth’s
crust and is a component of most types of
rocks. Exposure to silica dust is therefore
common during, for example, mining oper-
ations. Silica’s high melting point, hard-
ness and chemical inertness make it ideal
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Strengths and limitations of this study

» This case—control study includes anyone who was
diagnosed with Crohn’s disease and ulcerative coli-
tis in Sweden in the years 2007-2016, and not just
a selection.

» Sweden maintains high-quality registers that cover
the entire population, together with unique person-
al identification numbers that can link patient data
across different nationwide registers.

» The diagnoses were based on the data recorded in
the national non-primary outpatient visits register,
which is significantly more accurate than diagnoses
based on questionnaires.

» This study lacks information on potential confound-
ers such as smoking habits; however, cases and
controls are matched based on age, sex and geo-
graphical area and therefore one could assume the
distribution of these confounders among the cases
and controls.

for several industrial applications. During
the latter half of the 20th century, extensive
efforts were made to reduce the amount of
silica dust in Swedish workplaces." Never-
theless, there is still significant occupational
silica exposure in Sweden and abroad.*”

Exposure to silica dust is known to cause
silicosis which is predominantly a pulmonary
disease.” However, recent studies suggest a
correlation between silica and several inflam-
matory diseases.” ® The pathological mech-
anisms underpinning these relationships
are poorly understood.” ® No relationship
between silicosis and the inflammatory bowel
diseases (IBDs), Crohn’s disease (CD) or
ulcerative colitis (UC), has previously been
reported.

The term IBD encompasses many diseases
of the gastrointestinal tract. However, in
this paper IBD refers only to CD or UC. CD
and UC share several pathological features:
they are both chronic and have symptoms
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including diarrhoea, hematochezia, abdominal pain,
fever, weight loss and lesion formation. However, the
distribution of lesions differs between the two diseases.
CD may affect the entire gastrointestinal tract but the
distribution of lesions is often discontinuous. Conversely,
the UC lesions start in the rectum and are continuous.
While these two IBDs share several risk factors, smoking
has opposing effects on the risks of their development: it
increases the risk of developing CD but reduces that of
uco1o

The aetiology of IBD has been studied extensively but
remains somewhat unclear. There is strong evidence of a
familial component to its development,”™* and a signif-
icant effect of environmental factors.'* This is further
supported by the observation that the global prevalence
of IBD has risen as increasing numbers of countries
outside of Europe and North America have adopted
western lifestyles."

The identity of the environmental factors that may
influence IBD pathogenesis is a subject of ongoing
debate." ' The intake of various airborne particles has
been posited to contribute to IBD development despite
a lack of direct evidence."” '® Two early studies suggested
silica dust particles may contribute to the aetiology of IBD
because a fraction of the inhaled dust is swallowed with
the mucus.'” One of these studies have reported thatsilica
dust was detected in the intestinal epithelium and distrib-
uted systemically after mice were fed a diet enriched with
silica dust.'® The other study showed that injecting silica
dust directly into the intestinal lymphatic system of dogs
causes the formation of enteric lesions similar to those
associated with IBD."

IBD has a significant impact on patients’ quality of life
and an economic impact on society because it increases
hospitalisation and mortality rates.”” Furthermore, the
prevalence of IBD in Sweden is increasing more rapidly
than previously expected,” making it important to iden-
tify agents that cause or exacerbate this disease.

Aim
To determine whether silica dust exposure increases the
risk of developing CD or UC.

MATERIAL AND METHODS
Registers, administrative authorities and job exposure matrix
(JEM)
The Swedish administrative authority known as the
National Board of Health and Welfare (NBHW) main-
tains and validates the ‘National Non-Primary Outpatient
Care Register’ (OPR). This register is part of the National
Patient Register and has been maintained since 2001.
It contains medical data from registered outpatients of
Swedish healthcare facilities. The NBHW also maintains
the Swedish Cause of Death Register.

Another administrative authority, the Swedish Central
Bureau of Statistics (SCB), maintains the Longitudinal
Integration Database for Health Insurance and Labor

Market Studies (LISA) as well as the National Register
of the Total Population (RTB) and the Multi-Generation
Register (MGR). LISA holds records going back to 1990
including occupational and domicile information on all
individuals resident in Sweden aged 16 years or above,
registered as of 31 December in the relevant reference
year. The RTB is an extract from the civil register of the
Swedish Tax Agency and contains residential data. MGR
contains information on individuals’ biological relatives.

All data preparation and register matching for this
paper was done by the SCB and NBHW with guidance
from a statistician working for the Department of Occu-
pational and Environmental Medicine. The processed
data were de-identified such that the only personally iden-
tifying information remaining in the processed dataset
were dates of birth and years of employment. Other
information relating to the identities of individuals repre-
sented in the data was replaced with a serial number. All
statistical analyses were performed using these de-identi-
fied data. A JEM was used to estimate the rates of occu-
pational exposure to silica based on individuals’ job
assignments.22 »

Study design

Data from the registers were used to conduct a case—
control analysis. The cases were selected from the OPR
by the NBHW. The inclusion criteria for the cases were
a single diagnosis of one of the following conditions
(ICD-10-CM codes are given in parentheses): CD (K50)
and UC (Kb1). The study participants were required to
be between 20 and 65 years old at the time of diagnosis
and must have been diagnosed between 2005 and 2016.

Matching controls for the case—control study were
randomly selected by the SCB using data from RTB and
MGR. The inclusion criteria for the controls were having
no previous diagnosis of any condition used to select the
positive cases as well as not having sarcoidosis (D86),
ankylosing spondylitis (M45), seropositive rheumatoid
arthritis (M05) or other rheumatoid arthritis (M06) and
not being a first-degree relative of the corresponding
case. Controls were also required to share the gender, age
and county of residence at the time of diagnosis of the
matched case (figure 1).

Occupational data for all case and control individ-
uals were obtained from LISA. The JEM was then used
to determine whether the occupational history of each
case and control would have resulted in silica dust expo-
sure as well as to assess the cumulative exposure. Cases
not exposed to silica any time the last 5 years before diag-
nosis were excluded (figure 1). Jobs among the cases
and controls that according to the JEM were classified as
containing exposure to silica included concrete workers,
casters, masons, ceramic and glass manufacturers, miners
and so on.

The cases were selected from the years 2005 to 2016,
with a washout period from 2005 to 2006 in order to
include recent diagnoses and avoid including data from
follow-up medical examinations.
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Ulcerative colitis
37 318 case
74 636 control

A

Stopped exposure 5 years earlier
2 326 cases
4 652 control

Diagnosed during the washout period 2005-2006
15 162 cases
30 324controls

y \4

Study group

Crohn’s disease
20 818 case

41 636 control

Stopped exposure 5 years earlier
1 060 cases
2 120 control

Diagnosed during the washout period 2005-2006
9 497 cases
18 994 controls

y \4

19 830 cases

[ 39 660 controls

\ 4 ‘}

10 261 cases 20 522 controls

v v

18 411 (93%) unexposed 19 293 (94%) unexposed
1419 (7%) exposed 1229 (6%) exposed

9 672 (94%) unexposed 37 116 (94%) unexposed
589 (6%) exposed 2 544 (6%) exposed

Figure 1
of individuals exposed as well as unexposed to silica dust.

Statistical analysis

The odds of being exposed to silica dust before the time
of diagnosis were calculated for cases and controls and
expressed as ORs. Being exposed to silica dust was defined
based on JEM data as being employed in an environ-
ment where silica dust was present. A conditional logistic
regression was used to find the 95% CI for the OR. The
OR was considered to be significantly greater than 1.00 if
the lower limit of the 95% CI was above 1.00.

The study population was stratified according to the
duration of exposure and sex. The stratification for dura-
tion of exposure was divided into the following time frames:
1-5 years, 5-10 years and more than 10 years. Based on the
JEM, a cumulative exposure to silica was also calculated with
regards to both prevalence and level of exposure for the
different jobs. The cumulative exposure was stratified into
0.01-0.99mg/m” and more than 1mg/m”.

Standardised mortality ratios (SMRs) were used to
compare UC and CD cases and controls to the general
Swedish population. The data were stratified according to
gender.

RESULTS

Study population

A total of 58 136 cases and 116 272 controls where
included in this study. Figure 1 shows a flowchart of the
study population. For UC, 19 830 cases were included
in this study with a mean age of 42.9+12.9 years at the

Flowchart showing the total number of individuals with ulcerative colitis and Crohn’s disease, along with the number

time of diagnosis. Of these 48.9% were men and 51.13%
were women. The mean ages of the men and women
were 41.4x13.6 years and 42.0+13.1 years, respectively. Of
these 40.0% of the men and 36.3% of the women were 35
years or younger at the time of diagnosis. A total of 39 660
matched controls were randomly selected for these cases.

For CD, 10 261 cases were included with a mean age of
41.1£13.7 at the time of diagnosis. Of these 45.3% were
men and 54.7% were women. The mean ages of the men
and women were 40.9+13.8 years and 41.3+13.6 years,
respectively. Of these 40.9% of the men and 39.7% of
the women were 35 years or younger at the time of diag-
nosis. A total of 20 522 matched controls were randomly
selected for these cases.

Exposure to silica dust, UC and CD
Table 1 shows the number of cases and controls for UC
and CD along with the OR of exposure and the corre-
sponding 95% CI. For men, regardless of age and dura-
tion of occupation, the odds of developing UC while
exposed to silica dust were 33% (OR 1.33, 95% CI 1.05
to 1.22). The risk of developing UC increases as a func-
tion of the duration of occupational exposure across the
entire study population as well as in men (table 1).
When data on exposure levels from the JEM was added, a
cumulative exposure level could be calculated. The cumula-
tive exposure showed a dose-dependent increase in risk for
developing UC for both the total study population (among
the highest exposed OR was 1.4, 95%CI 1.12 to 1.74), as
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Exposed to quartz during the 5 years before diagnosis in 2007-2016

Ulcerative colitis Crohn’s disease
Cases (n) Controls (n) OR 95% CI Cases (n) Controls (n) OR 95% ClI

Unexposed 18 411 37 116 1 9672 19 293 1

Duration of exposure

<1 year 318 596 1.08 0.94t0 1.24 122 296 0.82 0.66 to 1.01

5.01 to 10 years 485 828 1.19 1.06 to 1.331 199 402 0.99 0.83t01.17

Cumulative exposure (mg/m?)

0.01t0 0.99 1283 2347 1.1 1.03 to 1.19 525 1120 0.93 0.84 to 1.04

Men

Exposed 1238 2220 1.33 1.05t0 1.22 480 1059 0.89 0.80 to 1.00

0 years 8 459 17172 1 4 095 8 091 1

1.01 to 5 years 318 613 1.05 0.92 to 1.21 143 301 0.93 0.76 t0 1.15

> 10 years 218 364 1.22 1.03 to 1.46 73 155 1.06 0.811t0 1.39

0 8 459 17172 1 4095 8 091 1

>1.0 107 163 1.34 1.05to0 1.71 46 81 1.12 0.78 to 1.62

Unexposed 9 952 19944

—_

5577 11 202

—_

Duration of exposure

<1 year 57 91 1.25 0.90t0 1.75 32 51 1.25 0.811t01.96

5.01 to 10 years 44 90 0.98 0.68 to 1.41 35 44 1.62 1.03 to 2.54

Cumulative exposure (mg/m°)

0.01t0 0.99 152 290 1.05 0.86 to 1.29 91 142 1.29 0.99t0 1.68

Data for the total study population as well as data stratified into men and women are presented. Both duration of exposure in years and the
cumulative exposure were calculated using the job exposure matrix.
* Bold values indicate statistical significanse (p<0.05)

well as for both men and women (OR of respectively 1.34, The risk of developing CD was significantly increased
95%CI 1.05 to 1.71 and 1.71, 95%CI 1.04 to 2.08 among  among women (OR 1.29, 95% CI 1.01 to 1.65) and partic-
the highest exposed men and women; table 1) ularly in women exposed to silica for >5-10 years (OR
4 Wallden A, et al. BMJ Open 2020;10:e034752. doi:10.1136/bmjopen-2019-034752
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Table 2 SMRs for individuals diagnosed with UC and CD compared with the Swedish general population

Sex uc Silica exposure Observed Expected SMR 95% CI*
Men Controls No 299 343.3 0.87 0.78 t0 0.98
Yes 46 43 1.07 0.78 t0 1.43
Cases No 213 168.4 1.26* 1.10 to 1.45
Yes 39 23.9 1.64 1.16 to 2.24
Women Controls No 253 245.5 1.03 0.91to0 1.17
Yes 2 4.5 0.44 0.05 to 1.60
Cases No 154 122.1 1.26 1.07 to 1.48
Yes 0 2.2 - -
Sex CD Silica exposure Observed Expected SMR 95% ClI
Men Controls No 180 158.6 1.14 0.98 to 1.31
Yes 23 19.8 1.16 0.74t0 1.75
Cases No 113 80.1 1.41 1.16 to 1.70
Yes 16 8.5 1.88 1.08 to 3.06
Women Controls No 136 1885 1 0.84t0 1.19
Yes 1 2.4 0.42 0.01 to 2.31
Cases No 134 66.9 2 1.68 to 2.37
Yes 0 1.3 - -

* Bold values indicate statistical significanse (p<0.05)

CD, Crohn’s disease; Cl, confidence interval; SMRs, standard mortality ratios; UC, ulcerative colitis.

1.62, 95% CI 1.03 to 2.54). However, this trend was not
observed across the patient population as a whole, or in
men.

Mortality rates for UC and CD

The SMRs for men and women with UC or CD are shown
in table 2. Men diagnosed with either UC or CD exhibit
an elevated mortality rate. The mortality rate of UC and
CD was increased in both exposed and non-exposed
individuals, although there seems to be a higher SMR
for those who were identified by the JEM as having been
exposed to silica dust (SMR for UC=1.64, 95% CI 1.16 to
2.24; SMR for CD=1.88, 95% CI 1.08 to 3.06; table 2). For
women, an increased SMR was found for both UC and
CD. However, the SMR for women exposed to silica dust
could not be calculated due to a lack of fatalities in the
extracted medical data. For both UC and CD neoplasms
(ICD 10C00-D48) was the main cause of death, with the
highest SMR for cases exposed to silica (SMR for UC=2.21,
95% CI 1.35 to 3.41; SMR for CD=2.95, 95%CI 1.41 to
5.42). For cases not exposed to silica the SMR was lower,
but still statistically significant (SMR for UC=1.41, 95% CI
1.20 to 1.63; SMR for CD=1.45, 95% CI 1.17 to 1.79).

DISCUSSION AND CONCLUSIONS

The OR for developing UC was significantly increased
among men with an exposure duration of more than 5
years. No significant difference was observed between
individuals exposed for >5-10 years and those exposed
for over 10 years. The OR also increased with an increased

cumulative exposure (table 1). This suggests that there
is a threshold beyond which further exposure no longer
affects the risk of developing UC.

The results obtained indicate that silica dust expo-
sure correlates with an increased risk of developing UC
among men. Previous reports suggested that silica expo-
sure among men correlates with an increased incidence
of another inflammatory disease, sarcoidosis.® 24 Among
women, increased risk for developing UC was seen when
data were analysed according to cumulative exposure.

Both sarcoidosis and UC are less prevalent in smokers.
Itis possible thatsmoking offers a protective action thatinter-
actswith the pathological action of silica dust. The protective
effects of smoking are not currently understood but appear
to impact men and women differently.” ” Helper T cells
are thought to play a critical role in the pathology of UC'
as well as other inflammatory diseases including sarcoidosis,
rheumatoid arthritis and systemic lupus erythematosus.**!
Silica dust exposure appears to increase the incidence of
all these conditions. The immune responses to UC and CD
reportedly involve different T cell populations,'’ ** which
may respond in different ways to silica dust exposure. This
may explain the different OR values observed for men and
women in this work because there appear to be gender-
based differences in immune responses.”” ™ These differ-
ences are not well understood but similar effects have been
seen for asthma.” ¥

The results from this study show that SMR for UC and
CD was increased in both men and women, which is
consistent with previous reports.” Furthermore, for men,
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exposure to silica dust seems to increase the SMR for CD
and UC compared with unexposed, however not statisti-
cally significant.

The large patient population and the validity of the
medical data extracted from the registers represent major
strengths of this study. The OPR maintains a thorough
nationwide database of outpatients, so all individuals
who reside in Sweden and are diagnosed with UC or CD
were potentially eligible as cases for this study. Swedish
law requires all publicly and privately funded physicians
to report data to the OPR; the medical data contained in
the OPR has been affirmed by practicing physicians and
is therefore considered highly valid.

The RTB database from which the controls were selected
is also nationwide, making the entire population of Sweden
available as potential controls. Consequently, the results
presented here are representative of the Swedish popu-
lation. No medical data originally gathered before 2005
were used in this work. In this study, the time of diagnosis
was operationally defined as the first date of entry in the
National Register from which medical data was extracted
for each case. It is possible that some individuals were actu-
ally diagnosed prior to the date recorded in the national
registry, so we did not consider diagnoses made between
2005 and 2006 to reduce the risk of including previously
diagnosed cases. Another limitation of the study was that
the individuals excluded from the dataset were not further
evaluated.

A limitation of this study is that silica dust exposure was
defined on the basis of JEM data as being employed in an
environment, where silica dust is present when duration
of exposure was calculated. However, the presence of silica
dust at a job site does not by itself mean that all employees
would have been exposed to the particles, so this definition
may have exaggerated the number of exposed individuals.
Any such inflation of exposure rates was likely mitigated by
the large sample size. However, if the JEM overestimated
the detrimental level of silica exposure in the non-exposed
cases, the results obtained would be skewed towards a null
hypothesis, reducing their significance. Another limita-
tion of this study is that as this is a register study there is
a lack in information on potential confounders. Among
these possible confounders are smoking habits and socio-
economic factors, both of which correlate with the inci-
dence of IBD.” '’ However, since the sample was large and
the cases and controls were matched, it is reasonable to
assume that the incidence of cofounding factors in the
two groups is similar. Nevertheless, it is possible that the
results presented here do not reflect an intrinsic capa-
bility of silica dust to induce inflammation but a masked
confounding factor associated with silica dust exposure.

Habitual smokers have a reduced risk of developing
UC." While this is interesting, it is unlikely that including
data on patients who smoke increased the possibility of
detecting an increased risk of OR. However, a history of
smoking is a known strong risk factor for developing CD,
so not controlling for smoking cessation may have intro-
duced a bias towards an alpha error.

In conclusion, this study suggests a positive correlation
between silica dust exposure and the risk of developing
UC.The risk increases with the duration of exposure as
well as with increased cumulative exposure, especially for
men. Conversely, silica dust exposure in women increases
the risk of developing CD. No comparable findings have
been reported previously to the author’s knowledge. Both
UC and CD also appear to increase mortality, and expo-
sure to silica dust seems to be an aggravating factor.

Contributors PV, ILB and PG conceived and designed the study. PW constructed
the adopted JEM. ILB did the main data analysis and AW, PV, ILB and PG interpreted
the results. AW, LF, PV, ILB and PG participated in the writing of the manuscript. All
authors approved the final version.

Funding This study was done with support from Region Orebro County.
Competing interests None declared.
Patient consent for publication Not required.

Ethics approval The study was approved by the Regional Ethical Review Board in
Uppsala, Sweden (Swedish Ethical Review Authority); DNR 2017/252.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available upon reasonable request.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Pal Graff http://orcid.org/0000-0003-4928-617X

REFERENCES

1 Westerholm P. Silicosis. observations on a case register. Scand J
Work Environ Health 1980;6 Suppl 2:1-86.

2 Kauppinen T, Toikkanen J, Pedersen D, et al. Occupational exposure
to carcinogens in the European Union. Occup Environ Med
2000;57:10-18.

3 Andersson L, Bryngelsson I-L, Ohlson C-G, et al. Quartz and
dust exposure in Swedish iron foundries. J Occup Environ Hyg
2008;6:9-18.

4 Leung CC, Yu ITS, Chen W. Silicosis. The Lancet 2012;379:2008-18.

5 Miller FW, Alfredsson L, Costenbader KH, et al. Epidemiology of
environmental exposures and human autoimmune diseases: findings
from a national Institute of environmental health sciences expert
panel workshop. J Autoimmun 2012;39:259-71.

6 Vihlborg P, Bryngelsson I-L, Andersson L, et al. Risk of sarcoidosis
and seropositive rheumatoid arthritis from occupational silica
exposure in Swedish iron foundries: a retrospective cohort study.
BMJ Open 2017;7:e016839.

7 Germolec D, Kono DH, Pfau JC, et al. Animal models used
to examine the role of the environment in the development of
autoimmune disease: findings from an NIEHS expert panel
workshop. J Autoimmun 2012;39:285-93.

8 Parks CG, Miller FW, Pollard KM, et al. Expert panel workshop
consensus statement on the role of the environment in
the development of autoimmune disease. Int J Mol Sci
2014;15:14269-97.

9 Torres J, Mehandru S, Colombel J-F, et al. Crohn's disease. The
Lancet 2017;389:1741-55.

10 Ungaro R, Mehandru S, Allen PB, et al. Ulcerative colitis. The Lancet
2017;389:1756-70.

11 Korzenik JR. Past and current theories of etiology of IBD: toothpaste,
worms, and refrigerators. J Clin Gastroenterol 2005;39:S59-65.

12 Santos MPC, Gomes C, Torres J. Familial and ethnic risk in
inflammatory bowel disease. Ann Gastroenterol 2018;31:14-23.

13 Ray K. Ibd: the changing epidemiology of IBD. Nat Rev Gastroenterol
Hepatol 2017;14:690.

14 Rosenfeld G, Bressler B. Mycobacterium avium paratuberculosis and
the etiology of Crohn's disease: a review of the controversy from the
clinician's perspective. Can J Gastroenterol 2010;24:619-24.

6

Wallden A, et al. BMJ Open 2020;10:€034752. doi:10.1136/bmjopen-2019-034752

“ybBuAdoo Aq parosioid 1sanb Aq 202 ‘02 YoJe\ uo jwod’fwg uadolwg//:dny woiy papeojumoq "0zZ0z Arenigad 9T Uo g5/ v€0-6T0Z-uadolwag/oeTT 0T se paysiignd 1say :uado rINg


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4928-617X
http://www.ncbi.nlm.nih.gov/pubmed/7384772
http://www.ncbi.nlm.nih.gov/pubmed/7384772
http://dx.doi.org/10.1136/oem.57.1.10
http://dx.doi.org/10.1080/15459620802523943
http://dx.doi.org/10.1016/S0140-6736(12)60235-9
http://dx.doi.org/10.1016/j.jaut.2012.05.002
http://dx.doi.org/10.1136/bmjopen-2017-016839
http://dx.doi.org/10.1016/j.jaut.2012.05.020
http://dx.doi.org/10.3390/ijms150814269
http://dx.doi.org/10.1016/S0140-6736(16)31711-1
http://dx.doi.org/10.1016/S0140-6736(16)31711-1
http://dx.doi.org/10.1016/S0140-6736(16)32126-2
http://dx.doi.org/10.1097/01.mcg.0000155553.28348.fc
http://dx.doi.org/10.20524/aog.2017.0208
http://dx.doi.org/10.1038/nrgastro.2017.159
http://dx.doi.org/10.1038/nrgastro.2017.159
http://dx.doi.org/10.1155/2010/698362
http://bmjopen.bmj.com/

15

16

17

18

19

20

21

22

23

24

25

26

Chess S, Chess D. Production of chronic enteritis and other systemic
lesions by ingestion of finely divided foreign materials. Surgery
1950;27:220-34.

Lomer MCE, Hutchinson C, Volkert S, et al. Dietary sources of
inorganic microparticles and their intake in healthy subjects and
patients with Crohn's disease. Br J Nutr 2004;92:947-55.

Asgharian B, Hofmann W, Miller FJ. Mucociliary clearance of
insoluble particles from the tracheobronchial airways of the human
lung. J Aerosol Sci 2001;32:817-32.

Reimann HA, Imbriglia JE, Ducanes T. Crystal-Induced myocarditis
and pericarditis. Am J Cardiol 1966;17:269-72.

Reichert FL, Mathes ME. Experimental lymphedema of the intestinal
tract and its relation to regional CICATRIZING enteritis. Ann Surg
1936;104:601-16.

Burisch J, Jess T, Martinato M, et al. The burden of inflammatory
bowel disease in Europe. J Crohns Colitis 2013;7:322-37.

Bisch K, Ludvigsson JF, Ekstrom-Smedby K, et al. Nationwide
prevalence of inflammatory bowel disease in Sweden: a population-
based register study. Aliment Pharmacol Ther 2014;39:57-68.
Wiebert P, Lonn M, Fremling K, et al. Occupational exposure to
particles and incidence of acute myocardial infarction and other
ischaemic heart disease. Occup Environ Med 2012;69:651-7.
Kauppinen T, Uuksulainen S, Saalo A, et al. Use of the Finnish
information system on occupational exposure (FINJEM) in
epidemiologic, surveillance, and other applications. Ann Occup Hyg
2014;58:380-96.

Rafnsson V, Ingimarsson O, Hjalmarsson |, et al. Association between
exposure to crystalline silica and risk of sarcoidosis. Occup Environ
Med 1998;55:657-60.

Valeyre D, Prasse A, Nunes H, et al. Sarcoidosis. The Lancet
2014;383:1155-67.

Parkes GC, Whelan K, Lindsay JO. Smoking in inflammatory bowel
disease: impact on disease course and insights into the aetiology of
its effect. J Crohns Colitis 2014;8:717-25.

27

28

29

30

31

32

33

34

35

36

37

38

Cosnes J, Nion-Larmurier |, Afchain P, et al. Gender differences

in the response of colitis to smoking. Clin Gastroenterol Hepatol
2004;2:41-8.

Pollard KM, Silica PKM. Silica, silicosis, and autoimmunity. Front
Immunol 2016;7:97.

lannuzzi MC, Rybicki BA, Teirstein AS. Sarcoidosis. N Engl J Med
2007;357:2153-65.

Smolen JS, Aletaha D, Mclnnes IB. Rheumatoid arthritis. The Lancet
2016;388:2023-38.

Mok CC, Que TL, Tsui EYK, et al. Mucormycosis in systemic lupus
erythematosus. Semin Arthritis Rheum 2003;33:115-24.

Sartor RB. Mechanisms of disease: pathogenesis of Crohn's
disease and ulcerative colitis. Nat Clin Pract Gastroenterol Hepatol
2006;3:390-407.

Bouman A, Schipper M, Heineman MJ, et al. Gender difference in the
non-specific and specific immune response in humans. Am J Reprod
Immunol 2004;52:19-26.

Oghumu S, Varikuti S, Stock JC, et al. Cutting edge: CXCR3
escapes X chromosome inactivation in T cells during infection:
potential implications for sex differences in immune responses. J.i.
2019;203:789-94.

Ngo ST, Steyn FJ, McCombe PA. Gender differences in autoimmune
disease. Front Neuroendocrinol 2014;35:347-69.

Graff P, Bryngelsson I-L, Fredrikson M, et al. Adult onset asthma

in non-allergic women working in dampness damaged buildings: a
retrospective cohort study. Am J Ind Med 2019;62:357-63.

Koper |, Hufnagl K, Ehmann R. Gender aspects and influence of
hormones on bronchial asthma - Secondary publication and update.
World Allergy Organ J 2017;10:46.

Olén O, Askling J, Sachs MC, et al. Mortality in adult-onset and
elderly-onset IBD: a nationwide register-based cohort study
1964-2014. Gut 2019:gutjnl-2018-317572.

Wallden A, et al. BMJ Open 2020;10:6034752. doi:10.1136/bmjopen-2019-034752

“ybBuAdoo Aq parosioid 1sanb Aq 202 ‘02 YoJe\ uo jwod’fwg uadolwg//:dny woiy papeojumoq "0zZ0z Arenigad 9T Uo g5/ v€0-6T0Z-uadolwag/oeTT 0T se paysiignd 1say :uado rINg


http://www.ncbi.nlm.nih.gov/pubmed/15409796
http://dx.doi.org/10.1079/BJN20041276
http://dx.doi.org/10.1016/S0021-8502(00)00121-X
http://dx.doi.org/10.1016/0002-9149(66)90362-6
http://dx.doi.org/10.1097/00000658-193610440-00013
http://dx.doi.org/10.1016/j.crohns.2013.01.010
http://dx.doi.org/10.1111/apt.12528
http://dx.doi.org/10.1136/oemed-2011-100285
http://dx.doi.org/10.1093/annhyg/met074
http://dx.doi.org/10.1136/oem.55.10.657
http://dx.doi.org/10.1136/oem.55.10.657
http://dx.doi.org/10.1016/S0140-6736(13)60680-7
http://dx.doi.org/10.1016/j.crohns.2014.02.002
http://dx.doi.org/10.1016/S1542-3565(03)00290-8
http://dx.doi.org/10.3389/fimmu.2016.00097
http://dx.doi.org/10.3389/fimmu.2016.00097
http://dx.doi.org/10.1056/NEJMra071714
http://dx.doi.org/10.1016/S0140-6736(16)30173-8
http://dx.doi.org/10.1016/S0049-0172(03)00081-7
http://dx.doi.org/10.1038/ncpgasthep0528
http://dx.doi.org/10.1111/j.1600-0897.2004.00177.x
http://dx.doi.org/10.1111/j.1600-0897.2004.00177.x
http://dx.doi.org/10.4049/jimmunol.1800931
http://dx.doi.org/10.1016/j.yfrne.2014.04.004
http://dx.doi.org/10.1002/ajim.22952
http://dx.doi.org/10.1186/s40413-017-0177-9
http://dx.doi.org/10.1136/gutjnl-2018-317572
http://bmjopen.bmj.com/

	Risks of developing ulcerative colitis and Crohn’s disease in relation to silica dust exposure in Sweden: a case–control study
	Abstract
	Introduction﻿﻿
	Aim

	Material and methods
	Registers, administrative authorities and job exposure matrix (JEM)
	Study design
	Statistical analysis

	Results
	Study population
	Exposure to silica dust, UC and CD
	Mortality rates for UC and CD

	Discussion and conclusions
	References


