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ABSTRACT
Background Risk factors operating independently of
hyperuricemia could be of importance in determining why only
aminority of peoplewith hyperuricemia develop gout. Exposure
to inorganic dust has been linked to other inflammatory
diseases and could influence the development of gout.
Objectives To evaluate if occupational exposure to
inorganic dust increases the risk of gout.
Methods Individuals aged 30–65 years with a first gout
diagnosis in 2006–2012 in the population-based healthcare
database of the Western Swedish Healthcare Region (VEGA)
and population controls matched by age and sex were
included. Data on occupation was collected from the Swedish
occupational register. Exposure status was assigned by
means of a job exposure matrix. Data on gout-related
comorbidities was collected from VEGA. Alcohol use disorder
and obesity were related both to gout and exposure to
inorganic dust and were adjusted for in multivariate analyses.
ORs were calculated using conditional logistic regression.
Results 5042 gout cases and 20 682 controls were
included. Exposure to inorganic dust was associated with
gout in both unadjusted (OR 1.12, 95% CI 1.04 to 1.20) and
multivariate (OR 1.08, 95% CI 1.00 to 1.16) analyses of the
whole population. In sex-stratified multivariate analyses,
dust exposure was significantly associated with gout in
women (adjusted OR 1.26, 95% CI 1.05 to 1.51), but not in
men (adjusted OR 1.05, 95% CI 0.97 to 1.13).
Conclusions We describe for the first time an association
between exposure to inorganic dust and gout. After
adjusting for confounders, the findings were statistically
significant for women but not for men.

INTRODUCTION
It is well established that hyperuricemia is
a prerequisite of gout and that the risk of clinical
gout increases in the presence of factors that
increase serum urate levels, such as renal
disease,1 2 alcohol use disorder,3 4 diuretic use5

and obesity.6 Some of these urate-elevating fac-
tors, such as alcohol use disorder and obesity,
are associated with lower socioeconomic status
(SES) as measured by income and level of
education.7This could inpart explain theobser-
vation that gout ismore commonamongpeople
of lower SES. A number of epidemiological stu-
dies have found an increased prevalence of gout

among people with shorter education, lower
income and manual occupations,8 11 where the
difference is not fully explained by different
rates of urate-elevating comorbidities or serum
urate levels. The mechanism behind lower SES
predisposing to gout independently of urate
levels or urate-elevating comorbidities is
unknown. One possible explanation is that yet
unknown occupational exposures increasing
the risk for gout could be more common in
lower socioeconomic groups. Very little is
known about the possible influence of occupa-
tional exposures on the risk of gout in recent
times. It is possible that, yet unknown, exposures
present in the work environment of today could
increase the susceptibility to gout, by accenting
either hyperuricemia, the process of
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Key message

What is already known about this subject?
► Exposure to inorganic dust has been shown in several

studies to associate with a number of rheumatic
inflammatory diseases such as rheumatoid arthritis
and systemic sclerosis, but it has not been
investigated previously whether exposure is
associated with an increased risk of gout.

► Inorganic dust, like silica, can activate the NLRP3
inflammasome, a key component in the
inflammatory response to urate crystals,
subsequently leading to clinical gout.

What does this study add?
► We demonstrate for the first time an association

between occupational exposure to inorganic dust
and incident gout.

► The findings are indicative of a previously unknown
possible aetiological avenue for gout, in addition to
known risk factors like genetics, diet and urate-
elevating comorbidities.

How might this impact on clinical practice?
► If confirmed, the findings could provide a possibility

for prevention of gout among susceptible individuals
by minimising exposure to inorganic dust in the work
environment.
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monosodium urate (MSU) crystallisation or the inflamma-
tory response to MSU crystals.
Exposure to inorganic dusts, for example, silica dust, is

one such occupational exposure that may be related to
gout. Silica dust has been shown to activate the NLRP3
inflammasome,12 which is a key component of the inflam-
matory response to MSU crystals.13 Exposure to silica has
also been associated with renal disease,14 which could facil-
itate the development of hyperuricemia and gout. Exposure
to inorganic dust has recently been shown in several studies
to associate with a number of other rheumatic inflamma-
tory diseases such as rheumatoid arthritis and systemic
sclerosis.15 18 Increased levels of ambient air pollution,
especially regarding the component of air pollution consist-
ing of fine particular matter <10 µM, have been reported to
increase the occurrence of acute gout flares,19 but no stu-
dies investigating the possible association of occupational
exposure to inorganic dust with gout are available.
The aim of the present study was therefore to examine if

previous occupational exposure to inorganic dust pre-
dicted an incident diagnosis of gout, both overall and
stratified by sex.

MATERIALS AND METHODS
Study design
This is a population-based nested case–control study includ-
ing all individuals with a first diagnosis of gout in the years
2006–2012 and matched population controls without gout.
Cases were matched to controls by age, sex and place of
residence on municipality level. Up to five controls were
matched to each individual with gout. In Sweden, each
resident has a unique personal identification number that
identifies records in official registers, enabling linking of
data from different sources. For this study, we used data
from several national and regional registers (described
below) to identify individuals with gout and population
controls and to define occupational exposure to inorganic
dust as well as information on relevant confounders for the
analyses.

Setting and study population
The Swedish healthcare system is tax-funded and offers
universal access. Gout is typically diagnosed and treated
in a primary care setting. All inhabitants in the Western
Swedish Healthcare Region (WSHCR) from January 1,
2006 to December 31, 2012 constituted the study popula-
tion. The population of WSHCR is approximately
1.6 million (20% of the total population of Sweden),20

and the region is considered to be representative for
Sweden with regard to health status, healthcare-seeking
and socioeconomics.20 21

Register sources
Western Swedish Healthcare Register (VEGA)
The register contains information about all healthcare
contacts in primary care and inpatient and outpatient
secondary care clinics in the WSHCR. Date of contact

and primary and secondary diagnoses given by the treat-
ing physician according to the Swedish version of the
International Statistical Classification of Diseases (ICD)
are registered. VEGA was used to identify gout cases and
to retrieve information about relevant comorbidities for
cases and controls. For gout cases, the date of the first
gout diagnosis was used as the index date/date of
identification.

Swedish Census Register
The census register holds demographic information
about all registered inhabitants of Sweden including
dates of death and emigration. The census register was
used to identify up to five controls for each case, matched
for age, sex and place of residence onmunicipality level at
the date of identification. Controls were assigned the
same index date/date of identification as their corre-
sponding case.

Longitudinal Integration Database for Health Insurance and Labour
Market Studies
The register is administered by Statistics Sweden. The
database holds annual registers since 2001 on all indivi-
duals from 16 to 64 years of age, including information
about occupation, employment status and educational
level. Occupation is registered according to The Swedish
Standard Classification of Occupations (SSYK) classifica-
tion, which is based on the International Standard Classi-
fication of Occupations-88.22 Data on occupation is
provided by employers. Complete data on occupation
was available for between 91% and 94% of the population
during the years 2001–2008.35

Swedish Prescribed Drug Register
All prescribed drugs dispensed by Swedish pharmacies
are recorded in the Swedish Prescribed Drug Register.
The register has been available since July 1, 2005 and was
used to determine dispensation of urate lowering therapy
(ULT) and diuretics.

Case definition and selection of controls
To select individuals most likely to have new-onset gout, we
included individuals with a diagnosis of gout in the VEGA
register during 2006–2012. The VEGA database was then
searched for gout diagnoses back to January 1, 2000, and
individuals with a prior diagnosis of gout were excluded. All
included individuals thus have a period free from gout
diagnosis of at least 5 years before their index date. Gout
diagnosis was defined by the presence of an ICD-10 code for
gout (M10), registered at a visit to a physician in the VEGA
database. We excluded cases and controls with dispensation
of ULT- prior to first gout diagnosis or corresponding date
for controls. The case definition has been previously vali-
dated by means of record review that showed a high validity
of ICD-10 codes for gout in the VEGA database.23

To ensure that the population included was part of the
workforce, we included only individuals that were of
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working age (30–65 years) at the time of gout diagnosis
and that had at least one registered occupation during
the 5 years prior to the year of identification with gout.
We applied the same conditions to the population con-

trols, excluding controls with no occupation registered
for the 5 years prior to the year of identification as con-
trol. The selection of cases and controls for the study is
further described in online supplementary table 1.

Exposure
The occupational register was searched for registered
occupational codes during the 5 calendar years prior to
identification as case or control, that is, occupations on file
in the occupational register for the years 2002–2006 con-
tributed to exposure assignment for an individual that was
identified as case or control in 2007. A job exposure matrix
(JEM) for inorganic dust previously developed was used to
assess exposure.24 During development of the JEM, all
occupations were re-assessed by two senior occupational
hygienists as being occupationally exposed or not to inor-
ganic dust including silica dust as previously described.24 25

An exposed occupation was defined based on the assump-
tion that at least half of the subjects with these specific
codes should have a strong probability of being exposed.
Individuals that had been employed in a dust-exposed

occupation for at least 1 year during the 5-year-long pre-
dictor period were defined as exposed.

Definition of comorbidities
Comorbidities known to be associated with gout were
identified in VEGA by ICD-10 codes. VEGA was searched
from 2000 to 2012 for predefined comorbidities (for
definitions used, see online supplementary table 2).
A comorbidity was considered present if there was
a healthcare contact with a corresponding ICD-10 coded
diagnosis by a physician before the index date.

Statistics
The association between occupational exposure to inor-
ganic dust and incident gout diagnosis was assessed using
conditional logistic regression, accounting for the
matched design of the study. Results are presented as
unadjusted and adjusted ORs with 95% CIs, for the
whole population and stratified by sex.
The covariates adjusted for in the analysis (alcohol use

disorder and obesity) were chosen on the basis of being
plausible confounders, that is, related to the outcome of
gout based on prior clinical knowledge3 4 26 through the
mechanism of elevating urate levels and associated with
exposure to inorganic dust in our data (online supplemen
tary tables 3–4). Other gout-related urate-elevating comor-
bidities, for example, renal disease and psoriasis, were not
included in themultivariable analysis as they have noknown
association with occupational exposure to inorganic dust
nor were they associated with dust exposure when this was
tested in our own data (online supplementary tables 5–6).
In a secondary model, in addition to the covariates

described above, we also adjusted for educational level.

RESULTS
Baseline characteristics of cases and controls
A 5042 gout cases and 20 682 population controls ful-
filling the case definition were identified and included
for analysis. Baseline characteristics of included indivi-
duals are shown in table 1.

Exposure to inorganic dust
Among individuals with incident gout, 30.1% were occu-
pationally exposed to inorganic dust during the 5-year
period preceding the index date, whereas 28.2% of popu-
lation controls were exposed (p=0.006).
Among men, 34.4% of gout cases and 33.0% of the

population controls were exposed to inorganic dust, cor-
responding to 1.4% (95% CI 0.2% to 3.1%) higher expo-
sure frequency among the gout cases. In women, 16.0%of
gout cases and 12.7% of controls were exposed, corre-
sponding to 3.3% (95% CI 1.2% to 5.5%) higher expo-
sure frequency among the gout cases (figure 1).

Association of exposure to inorganic dust to incident gout
Exposure to inorganic dust was associated with incident
gout in the unadjusted analysis of the whole population
(OR 1.12, 95% CI 1.04 to 1.20). In the multivariate analy-
sis, after adjustment for alcohol use disorder and obesity,
exposure to inorganic dust increased the odds of incident
gout by 8% (OR 1.08, 95% CI 1.00 to 1.15) (figure 2A). In
the results of the secondary model, where educational

Table 1 Baseline characteristics of included cases and
controls

Variable

Gout
cases,
n=5042

Population
controls,
n=20 682

Men 3862 (76.6) 15 747 (76.1)
Age, mean(SD) 52.9 (8.9) 52.7 (8.9)
Education level >12 years 1283 (25.4) 6912 (33.4)
Exposed to inorganic dust
during predictor period 1519 (30.1) 5822 (28.2)
Comorbidities
Hypertension 2096 (41.6) 4474 (21.6)
Treatment with diuretics 1350 (26.8) 1969 (9.5)
Obesity 499 (9.9) 671 (3.2)
Diabetes 405 (8.0) 878 (4.2)
Renal disease 357 (7.1) 659 (3.2)
Coronary heart disease 263 (5.2) 484 (2.3)
Atrial fibrillation 242 (4.8) 314 (1.5)
Alcohol abuse 253 (5.0) 431 (2.1)
Thromboembolism 210 (4.2) 452 (2.2)
Congestive heart failure 196 (3.9) 138 (0.7)
Psoriasis 174 (3.5) 518 (2.5)
Stroke 93 (1.8) 235 (1.1)
Chronic obstructive
pulmonary disease (COPD) 71 (1.4) 116 (0.6)

Except where otherwise indicated, values are no. (%).
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level was also adjusted for, the association between inor-
ganic dust and gout was diminished (figure 2B).
In the stratified analysis where men and women

were analysed separately, exposure to inorganic dust

significantly increased the odds of gout for women by
32% in the unadjusted analysis (OR 1.32, 95% CI 1.10
to 1.58) and 26% in the adjusted analysis (OR 1.26,
95% CI 1.05 to 1.51). For men, the increase in odds of
incident gout from exposure to inorganic dust was
non-significant, OR 1.05, 95% CI 0.97 to 1.13 in the
adjusted analysis (figure 3).

Most common occupations
In total, 7341 individuals (6526 men and 815 womene)
were defined by the JEM as exposed to inorganic dust.
The five most common occupations among the exposed
are shown in table 2.
The most common occupations defined as exposed

differed for men and women; table 3 shows the most
common dust-exposed occupations for men and women
separately.

Figure 2 Predictors of incident gout. Multiadjusted odds ratios with 95% confidence intervals. A) Main model, adjusted for
obesity and alcohol use disorder. B) Secondary model, adjusted for educational level in addition to obesity and alcohol use
disorder.

Figure 1 Percentage of male and female cases and controls
exposed to inorganic dust during the 5 years before gout
diagnosis or corresponding time period for controls.
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DISCUSSION
In the present study, we found that occupational expo-
sure to inorganic dust was associated with incident gout.
The association was statistically significant in women also
after adjusting for confounding by diagnosed alcohol use

disorder and obesity. The effect was of modest size and
smaller than what has been shown in studies of dust
exposure and risk of rheumatoid arthritis and systemic
sclerosis.15 16 18

The pathogeneticmechanism through which inorganic
dust exposure might increase the risk of gout is not clear.
We speculate that a possible explanation could be the
phenomenon of innate immune system training,27

where priming of the innate immune system by prior
inflammatory stimuli can cause increased reactivity later
on. Occupational exposure to inorganic dust could pos-
sibly trigger innate immune system training through acti-
vation of the NLRP3 inflammasome,12 leading to
increased interleukin-1 production and in the long run
to increased responses of the innate immune system
towards urate crystals, manifesting as increased incidence
of clinical gout in dust-exposed individuals.

Figure 3 Predictors of incident gout in women and men. Multiadjusted odds ratios with 95% confidence intervals.

Table 2 Most common occupations exposed to inorganic
dust

Occupational title N (%)*

Building finishers and related trades workers 1081 (15)
Motor vehicle drivers 672 (9)
Material recording and transport clerks 633 (9)
Assemblers 549 (7)
Building frame and related trades workers 486 (7)

*Percentages refer to % of all exposed individuals.
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Studies on associations between air pollution and gout
occurrence are scarce, but our findings of an association
between dust exposure and gout are in line with
a previous report from Korea, where increased levels of
air pollution with fine particulate matter were associated
with acute gout flares.19

Hyperuricemia and factors, like obesity and alcohol use
disorder, which contribute to hyperuricemia and clinical
gout are by far themost important risk factors for gout. In
relation to such factors, the effects of occupational expo-
sures are small but, as we have shown, possibly important.
Uncovering novel risk factors for gout unrelated to urate
metabolism could contribute to an increased understand-
ing of the pathogenesis and help explain why only
a minority of individuals with hyperuricemia develop
clinical gout and in the long run possibly contribute to
prevention of gout in susceptible individuals.
Other occupational exposures could also play a role in

the development of clinical gout and should be investi-
gated in further studies. There is considerable evidence
that lead exposure, even when not leading to overtly
elevated blood levels of lead, influences urate levels.28 32

Consequently, it should be investigated in future studies
whether occupations that entail exposure to lead increase
the risk of clinical gout.
There are some limitations of the study that should be

discussed and acknowledged. First, there could be mis-
classification of exposure based on occupational coding.
The validity of the occupational codes reported to the
occupational register by employers has not been investi-
gated specifically for dust-exposed occupations. In our
data, occupational codes on the individual level were
very consistent over the time period of 5 years, strongly

suggesting that the quality of reporting of occupational
codes is good. Furthermore, any occupational misclassifi-
cation is likely to be non-directional, as misclassification
should be equally common for cases and controls.
Second, as in all observational register studies, residual

confounding could be present.
Third, misclassification of comorbidities could be

a problem as they were defined by the presence of ICD-
10 codes. In general, the validity of ICD-10 codes in the
Swedish National Patient Register is good.33 However, all
diagnoses have not been validated, and under-reporting
of, for example, alcohol use disorder and obesity is likely
to be present, which could influence our results. Such
under-reporting is however likely to be of equal magni-
tude for both cases and controls.
Finally, adjustment for additional possible confounders

should be discussed. Whether to adjust for educational
level is a complicated issue when assessing potential effects
of occupational exposures. On the one hand, educational
level is a marker of SES, which has an influence on the
health of individuals. On the other hand, educational level
is strongly connected to choice of occupation. Choice of
occupation can thus be seen to be in the temporal pathway
between education and clinically evident gout. Low educa-
tional level strongly predicts having a dust-exposed job. It
seems unlikely that educational level in itself should cause
disease. Rather, downstream effects of a short education,
such as ending up in a dust-exposed job, could have bio-
logical effects and increase the likelihood of disease. Thus,
adjustment for educational status could be considered to
be overadjustment, that is, adjusting for an upstreammed-
iator of the variable of interest. In line with this, in the
model where educational level was adjusted for, the effect
of inorganic dust exposure on risk of gout was no longer
evident. This finding could either be an effect of over-
adjustment, or possibly it shows that socioeconomic fac-
tors, of which educational level is a marker, are of greater
importance than occupational exposure to inorganic dust
for the risk of gout.
Furthermore, smoking exposure could not be included

in the present analyses, but although it is a risk factor for
many diseases, it has not consistently been shown to
associate with urate levels or clinical gout.34 Nonetheless,
residual confounding due to smoking cannot be
excluded.
There are also several strengths of the study. First,

the population-based design, including all individuals
with an incident gout diagnosis in the region, mini-
mises the risk of selection bias. The validity of the case
definition for gout used in the study has been studied
and was found to be high.23 Second, the use of coded
occupational titles from an official register and a JEM
to determine exposure is another strength of the
study, as this avoids the potential recall bias associated
with retrospective self-reported occupation.
In conclusion, we describe for the first time an associa-

tion between occupational exposure to inorganic dust
and incident gout.

Table 3 Most common occupations defined as exposed
for men and women separately

Women—5 most common
occupations defined as
exposed

Men—5 most common
occupations defined as
exposed

Job title n (%)* Job title n (%)†

Domestic and
related helpers,
cleaners and
launderers

455 (56) Building finishers
and related
trades workers

1060
(16)

Building caretakers,
window and related
cleaners

58 (7) Motor vehicle
drivers

669
(10)

Assemblers 54 (7) Material
recording and
transport clerks

587 (9)

Material recording
and transport clerks

46 (6) Assemblers 495 (8)

Other machine
operators not
elsewhere classified

43 (5) Building frame
and related
trades workers

483 (7)

*Percentages refer to percent of all exposed women.
†Percentages refer to percent of all exposed men.
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