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Abstract
Objectives  We estimated the association between 
occupational exposures to five different organic dusts: 
wood, animal, paper, textile and flour dust and the risk of 
developing rheumatoid arthritis (RA).
Methods  This population-based case–control study 
analysed 12 582 incident cases and 129 335 controls. 
Participants were identified from national public authority 
and quality registers. Census data on occupations were 
collected 1960–2010 and we estimated the exposure to 
organic dust with the help of job-exposure matrices. We 
used logistic regression to assess the OR of seropositive or 
seronegative RA. Estimates were adjusted for the matching 
variables (sex, county, age and index year), education and 
occupational silica exposure.
Results  Exposure to animal dust was associated with an 
increased risk of RA among both men and women. The 
OR was 1.2 (95% CI=1.1 to 1.4) for seropositive RA and 
1.3 (95% CI=1.1 to 1.5) for seronegative RA among ever 
exposed participants compared with unexposed. The risk 
increased with duration of exposure for seropositive RA, 
and participants who had been exposed in five or more 
censuses had an OR of 1.6 (95% CI=1.1 to 2.2, p for 
trend=0.003). Exposure to textile dust also generated a 
significant dose–response relationship for seropositive RA 
(p for trend=0.014). We detected no association between 
exposure to wood, paper or flour dust and risk of RA.
Conclusions  Overall, exposure to animal dust and textile 
dust was associated with an increased risk of developing 
RA. These observations give further support to the notion 
that airborne exposures are involved in the aetiology of RA.

Introduction
There is an increasing amount of evidence 
suggesting that the lungs play an important 
role in the aetiology of rheumatoid arthritis 
(RA).1 2 This hypothesis is confirmed by 
several airborne exposures being linked to 
an increased risk of the disease. Cigarette 
smoking is the main environmental risk factor 
for RA, and the risk is stronger for the sero-
positive subtype of the disease.3 4 Thus, it is 
of interest to investigate if this is the case also 

for other airborne exposures. If an airborne 
exposure does not display this pattern, it 
speaks in favour of that other mechanisms 
are involved.

Airborne occupational exposures are prev-
alent in the construction and production 
industry, and employment in these industries 
have been observed to be associated with an 
increased risk of RA, even after adjustment 
for potential confounding from smoking.5 
Exposure to the inorganic dusts such as 
asbestos and silica appears to be two airborne 
exposures contributing to this observa-
tion.6–8 Women are much less represented 
in occupations at risk of being exposed to 
inorganic dusts, yet 7 out of 10 patients with 
RA in Sweden are women.9 Hence, there is 
a lack of studies investigating the association 
between airborne exposures and risk of RA 
with enough power to stratify findings sex 
and seropositive status.

As compared with inorganic dusts, the 
potential association between different types 
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of organic dusts and RA has been much less explored. 
Organic dust can be defined as airborne particles from 
animals, plants, fungi or bacteria suspended in the air. 
They are produced through mechanical processes and 
differ by chemical and physical composition. Workers 
within certain industries where exposure to organic dust 
is present have been suggested to have an increased risk 
of RA, such as farmers and textile workers,10 11 but there 
is a need for more research to confirm these findings.

In this study, we aimed to decrease the current knowl-
edge gap between organic dusts and RA. We investigated 
the relation between exposure to five different types of 
organic dust (wood, animal, paper, textile and flour dust) 
and risk of RA among both men and women in a large 
population-based case–control study.

Methods
Identification of cases and controls
The study base consisted of adults living in Sweden 
between 1996 and 2013. Incident patients with RA were 
identified through the Swedish Rheumatology Quality 
(SRQ) Register, the National Patient Register, the Swedish 
Prescribed Drug Register and the Swedish case–control 
study Epidemiological Investigation of Rheumatoid 
Arthritis (EIRA). From the SRQ Register and the EIRA 
study, we got information on whether cases were sero-
positive or seronegative. A seropositive case is a patient 
with RA who has tested positive for rheumatoid factor 
(RF) or anti-citrullinated protein antibody (ACPA). We 
defined patients as incident RA cases if they fulfilled all 
four criteria beneath:
1.	 A first-time visit to the inpatient or specialist outpatient 

care 2006 or later according to the national patient 
register and with a main or contributory diagnosis 
of seropositive or seronegative RA, according to the 
International Statistical Classification of Diseases and 
Related Health Problems, 10th Revision (M05, M06, 
M12.3), or been enrolled as an incident patient with 
RA in SRQ 2006 or later.

2.	 A second inpatient discharge or specialist outpatient 
care visit, with a main or contributory diagnosis of se-
ropositive or seronegative RA, within 1 year of the first 
visit.

3.	 At least one of the above visits should have taken 
place at an internal medicine or rheumatology de-
partment.

4.	 Received disease-modifying anti-rheumatic drug 
treatment (registered for RA) with biologics, non-
biological treatment, gold, prescription non-steroidal 
anti-inflammatory drugs and glucocorticoids, accord-
ing to the prescribed drug register.

Ten controls per case were randomly selected from 
the National Population Register, matched on age, sex, 
county and index year (the year prior to when cases 
received their diagnosis). The study was approved by the 
Regional Stockholm ethics committee.

Definition of exposures
Sweden has a long tradition of collecting data on the 
population through censuses. Population and housing 
censuses were carried out in Sweden between 1960 and 
1990 and in which all adults were obliged to fill in a 
form including information about their housing status, 
education and occupation. Data on occupation were 
collected from these censuses every tenth or fifth year. 
Construction of an occupational register began in 1999 
and the Swedish Occupational Register was published in 
2003 with data relating to occupational title in 2001. The 
register is based on data from approximately 20 different 
sources, collected mainly from employers in connection 
with the official annual salary statistics or via a survey 
for smaller companies or organisations. For this specific 
study, we collected the participants’ work titles for the 
years 1960, 1970, 1975, 1980 and 1990 from the popula-
tion and housing censuses and for 2001 and 2010 from 
register data from Statistics Sweden.

We assessed exposure to five types of organic dusts prior 
to study inclusion by applying a Swedish job-exposure 
matrix (JEM) to the work history collected for each study 
participant.12 13 The JEM was developed to estimate expo-
sure for the time period 1955 until 2014. The matrix 
specified the probability of exposure and the air concen-
tration of occupational exposure expressed as the 8-hour 
time-weighted average of exposure to wood dust, animal 
dust, paper dust, textile dust and flour dust.

Wood dust was defined as occupational exposure to 
inhalable wood dust (pine, spruce, birch, other soft-
woods and hardwoods, cane, wood bark, etc). Animal 
dust was defined as occupational, inhalable exposure to 
dust from living animals (cows, horses, cats, dogs, rein-
deer, etc), or hairs of animals (raw wool, furs of minks, 
foxes, etc) and did not include treated wool dust, raw 
cotton or leather dust. Paper dust was defined as occupa-
tional, inhalable exposure to pulp or paper dust (pulp, 
newsprint, printing paper, soft papers, cardboard, etc). 
Textile dust was defined as occupational, inhalable expo-
sure to dust from treated cotton, treated wool or other 
treated natural materials used in fabrics, other textiles 
or garments. It did not include raw cotton, raw wool or 
synthetic textiles. Flour dust was defined as occupational, 
inhalable exposure to flour dust (from wheat, oat, barley 
and rye), milk powder, potato powder, starch powder or 
fish powder.

Statistical analysis and confounders
13 120 cases and 136 359 controls were enrolled from the 
five sources of data and were identified in at least one 
of the censuses. Of these individuals, 181 were excluded 
from the analysis because of inaccurate information on 
occupation or personal identity number in the censuses 
and 7022 were excluded since work title was missing 
or unidentifiable in all seven censuses. Information on 
education was missing for 359 persons and these were 
excluded from the analysis, resulting in 12 582 cases and 
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Table 1  Table of characteristics (n=1 41 917)

Men Women

Cases Controls Cases Controls

(n=3923) (n=40 142) (n=8659) (n=89 193)

Age (median) 61 61 57 57

Exposed to wood dust (%) 396 (10) 3462 (9) 78 (1) 643 (1)

Exposed to animal dust (%) 209 (5) 1674 (4) 207 (2) 1696 (2)

Exposed to paper dust (%) 241 (6) 2564 (6) 377 (4) 3480 (4)

Exposed to textile dust (%) 60 (2) 469 (1) 317 (4) 2765 (3)

Exposed to flour dust (%) 46 (1) 365 (1) 32 (0) 368 (0)

Education (%)

 � 9 years or less 1412 (36) 12 374 (31) 2157 (25) 20 288 (23)

 � 10–12 years 1735 (44) 17 492 (44) 3991 (46) 39 562 (44)

 � >12 years 776 (20) 10 276 (26) 2511 (29) 29 343 (33)

129 335 controls with complete information on all varia-
bles in the final analysis.

We performed unconditional logistic regression anal-
ysis to calculate ORs and 95% CIs for the association 
between exposure to each of the five different types of 
organic dusts prior to study inclusion and risk of devel-
oping RA, versus workers never exposed to each organic 
dust. Findings were stratified by sex and seropositive 
status. In the analysis, we restricted the exposed group of 
workers to those who had reported at least one occupa-
tion where the probability of exposure was at least 50% 
for the organic dust type in question. This was done to 
restrict the analysis to workers with a high probability of 
exposure.

The number of censuses in which exposure occurred 
was used as a proxy for duration of exposure. We divided 
number of censuses exposed into three groups: 1–2 
censuses, 3–4 censuses or 5–7 censuses versus unex-
posed workers. The highest intensity of exposure was 
assessed from the occupation with the highest 8-hour 
time-weighted average of exposure. For highest intensity, 
we divided exposed workers into three exposure groups 
where the cut-off was set at median (≤50th percentile), 
the third quartile (>50–≤75th percentile) and above 
the third quartile (> 75th percentile) based on exposed 
controls, versus unexposed workers. We performed tests 
for trend in the logistic regression analysis by treating the 
number of occupations exposed to organic dusts or expo-
sure to highest intensity as a continuous variable. P-values 
<0.05 were considered statistically significant.

All analyses were adjusted for the matching variables 
age, sex, county and index year. In addition, we consid-
ered potential confounding from occupational silica 
exposure and education. Estimates for silica came from 
the same JEM as described above. Highest educational 
level achieved at baseline was collected from the Swedish 
Register of Education. We analysed ≤9 years, 10–12 
years versus >12 years of education. If register data on 

education were missing, but reported in the EIRA study, 
we used this information instead.

Of the 142 276 participants (with or without informa-
tion on education), 23% of cases and 4% of controls had 
full information on the two known confounders smoking 
and alcohol consumption, collected from a questionnaire 
sent out to the EIRA study participants. As supplementary 
material, we provide online supplementary tables S1–S4, 
where we have imputed the missing values for alcohol use 
and smoking by generating 15 imputed datasets with the 
PROC MI command in SAS. These datasets were anal-
ysed and thereafter the results were pooled using the 
command PROC MIANALYZE. Alcohol was defined as 
high (above 75th percentile), moderate (above median 
to the 75th percentile) or no consumption versus low 
(zero to median) consumption of alcohol, based on 
drinks consumed per week prior to the index year (for 
a more detailed definition, see Ilar et al).5 Smoking was 
assessed as pack-years. One pack-year was defined as 20 
cigarettes smoked per day for 1 year. It was treated as a 
continuous variable with never smokers as the reference 
group. Quadratic terms for the continuous variable age 
(and smoking in the multiple imputation analysis) were 
added to the model to allow for non-linearity.

All analyses were performed using SAS V. 9.4.

Results
12 582 cases and 129 335 controls were included in the 
analysis. A presentation of the most common occupations 
by organic dust type, census year and sex are presented in 
online supplementary table S5.

The distribution of sociodemographic characteristics 
and exposure to organic dusts is presented in table  1. 
A higher proportion of men than women had been 
exposed to wood, animal, paper and flour dust, whereas 
women were more likely to be exposed to textile dust. 
The likelihood of being exposed to several different types 
of dusts was in general relatively small.

https://dx.doi.org/10.1136/rmdopen-2019-001049
https://dx.doi.org/10.1136/rmdopen-2019-001049
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In table 2, we present the association between exposure 
to the five different types of organic dusts and the risk 
of developing RA. We observed an association between 
animal dust, wood dust and textile dust for overall RA 
among men and women combined when adjusting for 
the matching variables age, sex, county and index year. 
When additionally adjusting for potential confounding 
from education level and silica exposure, increased risks 
were observed for workers exposed to animal dust and 
textile dust compared with unexposed workers. With 
regard to seropositive RA, men exposed to animal dust 
had an OR of 1.3 (95% CI 1.1 to 1.6), and for women the 
corresponding OR was 1.1 (95% CI 1.0 to 1.4). For sero-
negative RA, no significant associations were observed 
among men. Among women, an association between 
exposure to animal dust and risk of seronegative RA was 
observed (OR 1.4 (95% CI 1.1 to 1.8).

We proceeded to explore whether there was an expo-
sure–response relation between duration of exposure to 
organic dust and risk of developing RA, using number of 
censuses with exposure as a proxy for exposure duration 
(table  3). Because a low number of workers had been 
exposed to organic dusts in several censuses, we present 
the results among men and women combined. We 
observed statistically significant dose–response relations 
regarding exposure to animal dust for both seroposi-
tive RA and seronegative RA, respectively. For seroposi-
tive RA, the OR for persons with the longest duration of 
exposure (>45 years of exposure) was 1.6 (95% CI 1.1 
to 2.2, p for trend=0.003). For the seronegative subtype, 
the corresponding OR was 1.3 (95% CI=0.8 to 2.0, p for 
trend=0.016). Also, for textile dust we observed a signif-
icant dose–response relation in relation to seropositive 
RA (p for trend=0.014).

In table  4, we investigated the risk of RA by highest 
intensity in men and women combined. As was noted 
for duration of exposure, animal dust was the dust type 
most strongly associated with an increased risk of mainly 
seropositive RA. Workers exposed to highest category of 
exposure intensity of animal dust (>0.07 mg/m3) had 
an adjusted OR of 1.4 (95% CI=1.1 to 1.8). We did not 
observe any dose–response relation between intensity of 
exposure to organic dusts and risk of RA.

Discussion
In this study, we explored the association between occu-
pational exposure to five different organic dusts and 
risk of developing RA. The main finding was that both 
males and females occupationally exposed to animal 
dust were associated with an increased risk of developing 
RA. For seropositive RA, this risk increased with longer 
duration and/or higher intensity of exposure. Among 
the five organic dusts investigated in this study, animal 
dust and textile dust have previously been discussed in 
relation to the risk of developing RA. Epidemiological 
studies have suggested an association between RA risk 
and either exposure to animal dust14 or farm work.10 14–17 

We observed an increased risk of seropositive RA among 
workers with the highest intensity of exposure to animal 
dust (OR=1.4, 95% CI=1.1 to 1.8). The mean highest 
intensity value in this group was 0.19 mg/m3, though 
there is no occupational exposure limit for animal dust in 
Sweden to compare this number with. One could argue 
that it is more likely that the risk increases with duration 
rather than with intensity, given the significant trend for 
exposure–response we observed in table 3. In addition, 
there was an increase with increasing duration for sero-
positive RA, despite the fact that the mean average inten-
sity of exposure was similar in the three groups of expo-
sure duration. Similarly, research on smoking has shown 
that it is the time a person has smoked rather than the 
number of cigarettes smoked that is associated with an 
increased risk.18–21

With regard to our observation of an association 
between animal dust and risk of developing RA, it should 
be kept in mind that many of the occupations involving 
contact with animals also are exposed to other poten-
tially harmful agents, such as pesticides or grain dust for 
instance. Apart from animal dust, the association between 
agricultural work and RA has also been proposed to be 
related to exposure to fertilisers or solvents.22 23 We did 
not consider these exposure in our findings. A recent 
animal study has, however, shown that inhalation to 
organic dust exposure from swine confinement feeding 
facilities led to airway inflammation and arthritis among 
male mice.24

We also found that occupational exposure to textile 
dust was associated with an increased risk of seropositive 
RA, which showed a significant trend with duration of 
exposure. An association between self-reported textile 
dust exposure and risk of RA has been reported among 
women in Malaysia.11 Associations were observed both for 
ACPA+RA and ACPA−RA, and the OR for overall RA was 
2.8 (95% CI=1.6 to 5.2). This is in contrast to our study 
and other studies exploring occupational exposure to 
textile dust, where either no association or a modest asso-
ciation have been observed.5 14 15 The Swedish Work Envi-
ronment Act has for many decades regulated the work 
safety in Sweden, and the awareness of harmful expo-
sures among employers and employees in Sweden should 
be considered comparatively strong. This, together with 
the downsizing of the textile industry in our part of the 
world should be borne in mind when comparing results 
with other parts of the world, as, for instance, to a Malay-
sian setting. Hence, it is likely that the intensity levels and 
the cumulative dose of textile exposure are much lower 
in our study population in relation to the circumstances 
in Malaysia. A potential underlying mechanism for the 
association between textile dust exposure and risk of RA 
might be bacterial endotoxins, which have been shown to 
active an autoimmune response by causing an inflamma-
tion in the lungs.25–27

Our study has several advantages over previous ones 
that sought to compare different types of organic dusts 
and risk of developing RA. To our knowledge, it is the 
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Table 3  Risk of developing RA among workers exposed to organic dust in different number of censuses compared with 
never exposed workers (n=1 41 917)

All RA cases Seropositive RA
Seronegative 
RA

Cases/controls

Mean average 
intensity (mg/
m3)

Median years 
since last 
occupation 
classified as 
exposed OR (95% CI)* OR (95% CI)* OR (95% CI)*

Wood dust

 � Unexposed 11976/123 510 1.0 1.0 1.0

 � 1–2 censuses 304/2875 0.84 23 0.9 (0.8 to 1.0) 0.9 (0.8 to 1.0) 1.0 (0.8 to 1.2)

 � 3–4 censuses 137/949 0.73 16 1.1 (0.9 to 1.4) 1.1 (0.9 to 1.4) 1.3 (1.0 to 1.8)

 � 5–7 censuses 33/281 0.76 8 0.9 (0.7 to 1.4) 1.0 (0.7 to 1.5) 0.8 (0.4 to 1.6)

 � P value for trend 0.966 0.747 0.555

Animal dust

 � Unexposed 12057/124 786 1.0 1.0 1.0

 � 1–2 censuses 247/2054 0.04 23 1.2 (1.1 to 1.4) 1.2 (1.0 to 1.4) 1.3 (1.0 to 1.6)

 � 3–4 censuses 112/911 0.03 18 1.2 (1.0 to 1.5) 1.2 (0.9 to 1.5) 1.4 (1.0 to 1.9)

 � 5–7 censuses 57/405 0.03 12 1.5 (1.1 to 1.9) 1.6 (1.1 to 2.2) 1.3 (0.8 to 2.0)

 � P value for trend 0.000 0.003 0.016

Paper dust

 � Unexposed 11664/120 452 1.0 1.0 1.0

 � 1–2 censuses 502/4929 0.10 21 1.0 (0.9 to 1.1) 1.0 (0.9 to 1.1) 1.0 (0.8 to 1.2)

 � 3–4 censuses 96/893 0.12 15 1.1 (0.9 to 1.3) 1.1 (0.9 to 1.5) 0.9 (0.6 to 1.4)

 � 5–7 censuses 20/222 0.09 8 0.9 (0.6 to 1.5) 1.0 (0.6 to 1.7) 0.8 (0.4 to 1.8)

 � P value for trend 0.760 0.411 0.501

Textile dust

 � Unexposed 12086/124 486 1.0 1.0 1.0

 � 1–2 censuses 314/2740 0.14 32 1.1 (1.0 to 1.3) 1.1 (1.0 to 1.3) 1.1 (0.9 to 1.3)

 � 3–4 censuses 55/428 0.13 21 1.2 (0.9 to 1.6) 1.2 (0.9 to 1.7) 1.2 (0.7 to 2.0)

 � 5–7 censuses 8/66 0.13 15 1.2 (0.6 to 2.5) 1.3 (0.6 to 3.1) –

 � P value for trend 0.021 0.014 0.564

Flour dust

 � Unexposed 12504/128 602 1.0 1.0 1.0

 � 1–2 censuses 62/617 1.13 26 1.0 (0.8 to 1.3) 0.9 (0.7 to 1.3) 1.1 (0.7 to 1.7)

 � 3–4 censuses 12/81 1.21 18 1.4 (0.8 to 2.7) 1.6 (0.8 to 3.2) –

 � 5–7 censuses 4/35 1.21 14 – – –

 � P value for trend 0.256 0.637 0.186

*Adjusted for county, age, sex, index year, education and silica dust.
RA, rheumatoid arthritis.

largest study of its kind to compare organic dust types 
and risk of RA using incident cases of RA. We were able 
to stratify most of our findings on sex and RA subtypes 
which has not been done previously. The rationale for 
performing the analysis by RA subgroup is that the most 
established environmental risk factor for RA, smoking, is 
mainly related to seropositive RA. There are also mecha-
nistic theories why this is the case and what is happening 

in the lungs to initiate a process that later may lead to 
seropositive RA.28

Another advantage is that we identified all cases that 
are known to the healthcare system (which is known 
to have a high coverage and accuracy) together with 
randomly selected matched population controls and 
the number of excluded subjects was small. Thus, bias 
due to selection will be very limited. We further adjusted 
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Table 4  Risk of developing RA among workers exposed to organic dust from highest intensity compared with never exposed 
workers (n=1 41 917)

Percentiles

All RA cases Seropositive RA
Seronegative 
RA

Cases/controls

Mean highest 
intensity (mg/
m3)

Median years 
since last 
occupation 
classified as 
exposed OR (95% CI)* OR (95% CI)* OR (95% CI)*

Wood dust

 � Unexposed 11971/123 458 1.0 1.0 1.0

 � ≤50 275/2071 0.44 25 1.1 (0.9 to 1.2) 1.0 (0.9 to 1.2) 1.2 (1.0 to 1.6)

 � >50–≤75 121/1192 1.24 11 0.9 (0.7 to 1.1) 0.9 (0.7 to 1.1) 0.9 (0.7 to 1.3)

 � >75 83/894 1.78 21 0.9 (0.7 to 1.1) 0.9 (0.7 to 1.1) 0.8 (0.6 to 1.2)

 � P value for trend 0.206 0.203 0.678

Animal dust

 � Unexposed 12053/124 728 1.0 1.0 1.0

 � ≤50 175/1454 0.01 22 1.2 (1.0 to 1.4) 1.1 (0.9 to 1.4) 1.4 (1.1 to 1.7)

 � >50–≤75 136/1132 0.02 24 1.2 (1.0 to 1.4) 1.1 (0.9 to 1.4) 1.3 (1.0 to 1.8)

 � >75 109/842 0.19 13 1.3 (1.1 to 1.6) 1.4 (1.1 to 1.8) 1.1 (0.7 to 1.6)

 � P value for trend 0.114 0.082 0.758

Paper dust

 � Unexposed 11650/120 347 1.0 1.0 1.0

 � ≤50 311/3174 0.05 20 1.0 (0.9 to 1.1) 1.0 (0.8 to 1.1) 0.9 (0.8 to 1.2)

 � >50–≤75 153/1501 0.09 15 1.1 (0.9 to 1.3) 1.0 (0.8 to 1.2) 1.2 (0.9 to 1.5)

 � >75 168/1474 0.28 23 1.1 (1.0 to 1.3) 1.2 (1.0 to 1.5) 0.9 (0.6 to 1.2)

 � P value for trend 0.659 0.377 0.591

Textile dust

 � Unexposed 12081/124 455 1.0 1.0 1.0

 � ≤50 273/2280 0.11 30 1.2 (1.0 to 1.3) 1.2 (1.0 to 1.4) 1.2 (0.9 to 1.4)

 � >50–≤75 22/241 0.20 39 0.9 (0.6 to 1.4) 1.0 (0.6 to 1.6) 0.8 (0.3 to 1.7)

 � >75 87/744 0.25 30 1.1 (0.9 to 1.4) 1.2 (0.9 to 1.5) 1.1 (0.7 to 1.6)

 � P for trend 0.099 0.066 0.779

Flour dust

 � Unexposed 12503/128 587 1.0 1.0 1.0

 � ≤50 79/748 1.17 24 1.0 (0.8 to 1.3) 1.0 (0.7 to 1.3) 1.2 (0.8 to 1.7)

 � >50–≤75 0/0 – – – – –

 � >75 0/0 – – – – –

 � P value for trend 0.538 0.756 0.499

*Adjusted for county, age, sex, index year, education and silica dust.
RA, rheumatoid arthritis.

our main findings for silica dust, which is considered 
the strongest occupational risk factor of RA so far.6 29We 
used register data on highest educational level as a proxy 
for lifestyle-related confounders, such as smoking and 
alcohol. Almost all participants had data on education 
(99.7%). As shown in the online supplementary tables 
S1–S4, adjusting for confounding from cigarette smoking 
and alcohol with imputed data showed similar results as 
adjusting for education. Few studies on occupation or 

occupational exposures have attempted to adjust for 
smoking or other potential harmful exposures in the 
work environment.5 10

Using a JEM is advantageous in situations when the 
study population is large and where measuring occupa-
tional exposure for each study participant is not feasible. 
Since a JEM was used to classify the exposures of interest, 
there is no risk of differential misclassification of the 
exposure between cases and controls. The disadvantage 

https://dx.doi.org/10.1136/rmdopen-2019-001049
https://dx.doi.org/10.1136/rmdopen-2019-001049
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of using a JEM is that all workers in some occupations are 
classified as exposed, even if not all are truly exposed. 
This will introduce non-differential misclassification of 
the exposure, which likely will bias the strengths of the 
studied associations toward the null value. The obser-
vation of a dose–response relation between duration 
of exposure to animal dust and textile dust and risk of 
RA provides support for that these findings are correct. 
Finally, one should keep in mind that the definitions of 
organic dust types may vary in different JEMs, which may 
have an impact on comparability of research findings.

Use of protective equipment and good workplace 
routines can affect exposure levels. Normally larger 
companies are better at promoting a safe work environ-
ment than smaller companies, which can affect expo-
sure. Similarly, stationary workplaces usually have better 
opportunities to create good conditions for a safe work 
environment compared with work in the construction 
industry. Individual factors can also be of great impor-
tance, for example the variation associated with working 
methods and the awareness of risks. These factors may 
give rise to some misclassification of the exposure, but it 
seems unlikely that it would be so systematic that it would 
distort the results for either animal dust or textile dust.

In conclusion, in this register-based study from 
Sweden, the ORs between exposure to organic dust and 
RA risk was overall low. Nevertheless, our study observed 
an association between exposure to animal dust and risk 
of developing RA among both men and women, and an 
association between exposure to textile dust and risk of 
seropositive RA among women. Together with previously 
observed associations between airborne exposures, such 
as smoking and occupational exposure to silica, asbestos 
and textile dust, our observation that animal dust and 
textile dust are associated with increased risk of RA 
provide further support to the notion of the involvement 
of the lung in the aetiology of RA.
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