Occupational Medicine, 2025, 75, 58-64
https://doi.org/10.1093/occmed/kqae137
Advance access publication 13 January 2025

OXFORD

Occupational exposure and sarcoidosis: a case-control study
in three countries

D. Vinnikov"*®, L. Strizhakov***, T. Rybina®’, S. Babanov®, M. Brovko*, V. Sholomova*,
M. Lebedeva®, I. Mukatova®, N. Lavrenteva®, N. Manavitskaya'’, I. Hinko'!, S. Makhnach®?,
A. Rybina®, S. Vasileuski'® and L. Savich™

'Environmental Health Lab, Al-Farabi Kazakh National University, Almaty 050040, Kazakhstan
?Occupational Health Risks Lab, Peoples’ Friendship University of Russia (RUDN University), Moscow 117198, Russian Federation
*The Federal State Budgetary Scientific Institution “Izmerov Research Institute of Occupational Health”, Moscow 105275, Russian Federation
*Tareev Clinic of Internal Diseases, Sechenov First Moscow State Medical University, Moscow 119021, Russian Federation
SDepartment of Internal Diseases, Lomonosov Moscow State University, Moscow 119234, Russian Federation
®National Centre of Occupational Safety and Health, Minsk 220004, Belarus
"MedEvery’ Scientific and Practical Centre, Minsk 220013, Belarus
*Department of Occupational Diseases and Clinical Pharmacology, Samara State Medical University, Samara 443099, Russian Federation
*Department of Internal Diseases with Courses of Nephrology, Hematology, Allergology, and Immunology, Astana Medical University, Astana
010000, Kazakhstan
"“Department of Phthisiopulmonology, Belarusian State Medical University, Minsk 220053, Belarus
"“Naftan’ Open Joint Stock Company, Novopolotsk 211443, Belarus
Belaruskali Joint Stock Company, Salihorsk 223710, Belarus
“Department of Medical Rehabilitation, Grodno State Medical University, Grodno 230029, Belarus
“MTW-Holding, Minsk 220070, Belarus

Correspondence to: D. Vinnikov, Al-Farabi Kazakh National University, 71 Al-Farabi Avenue, Almaty 050040, Kazakhstan. Tel: +7 705 2068036; fax +7 727 3773344;
e-mail: denisvinnikov@gmail.com

Background: Preceding studies of environmental and occupational risk factors of sarcoidosis yielded inconsistent findings.
Aims: We aimed to ascertain the occupational risk factors for sarcoidosis in a case-control study.

Methods: A total of 237 sarcoidosis patients with a histologically confirmed diagnosis were matched with 474 controls for sex and age (me-
dian 49, interquartile range 37; 60 years) recruited from the university hospitals and outpatient centres in Belarus, Kazakhstan and the Russian
Federation. Ever and cumulative (considering years and hours per week) exposure to 24 occupational factors were analysed using logistic regres-
sion.

Results: In the overall sample of 711 subjects, 50% were females and any occupational exposure was more prevalent in cases compared to
controls (60% versus 40%, P < 0.001). Current daily smoking as opposed to ex-smoking was associated with the lower risk of the outcome.
Adjusted for smoking, age, sex and a few other exposures, ever-exposure to hay in agriculture (odds ratio (OR) 3.64 (95% confidence inter-
val (CI) 1.26; 10.50)), engine exhausts (OR 2.94 (95% CI 1.14; 7.54)) and printing equipment (OR 1.66 (95% 1.03; 2.68)) was associated
with sarcoidosis. The effect was also positive for cumulative exposure to hay in agriculture (OR 2.02 (95% CI 1.00; 4.07)), stone dust (OR
1.07 (95% CI 1.01; 1.14)) and engine exhausts (OR 1.18 (95% CI 1.03; 1.38)) and was stronger in never-smokers and subjects 40 years
and older.

Conclusions: Widespread occupational exposures may increase the risk of sarcoidosis, but further research is needed to elucidate the complex
interplay of environmental and occupational factors in the epidemiology of sarcoidosis.

INTRODUCTION respiratory ailments [1]. In sarcoidosis, a chronic inflammatory
granulomatous disease frequently involving the respiratory
tract, occupational exposures ranged from 0% to 54%, with a
weighted meta-proportion of 30% (95% CI 17-45%) according
to pooled estimates [ 1]. The studies included in this review were
primarily comprised of case series or case-control investigations

Exposure to vapours, gases, dust and fumes in the workplace
commonly contributes to the development of chronic respiratory
diseases. The burden of certain respiratory conditions varies sig-
nificantly in occupational settings, as indicated by a recent com-
prehensive review encompassing the majority of non-malignant
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Key learning points

What is already known about this subject:
« Selected occupational exposures were inconsistently asso-
ciated with sarcoidosis across studies, but recent studies
elucidated the contribution of crystalline silica.

What are the new findings:
« Exposure to hay in agriculture, stone dust, engine ex-
hausts and even printing equipment is associated with
a significantly greater odds of sarcoidosis, and the effect
may be stronger in subjects over 40 and never-smokers.

How might this impact on policy or clinical practice in the
foreseeable future:
« Knowing occupational risk factors for sarcoidosis may
guide prevention strategies for the disease.

with limited sample sizes. A need for more robust studies for the
identification of causal factors, facilitating appropriate patient
management through the removal of affected individuals from
environments contributing to the disease, has been noted [2].
The aetiology of sarcoidosis is uncertain, but likely causative
agents have been identified [2]. Research, seeking to identify
causative agents has included potential occupational exposures.
However, statistical associations were either not identified [3] or
were weakly established, including for sales professionals and la-
bourers in veteran populations [4]. Notably, certain occupations
such as firefighting and healthcare demonstrated associations,
and intriguingly, protective effects of smoking in sarcoidosis
were also detected in these investigations. Subsequent reports,
including the ACCESS study with a substantial sample size
(>700 cases), demonstrated positive associations between sar-
coidosis and exposure to birds, teaching professions and the
automobile industry [S]. Similarly, a study involving African-
American siblings revealed positive associations with roles in
education, metal machining, metalworking, retail trade and
transportation [6]. Furthermore, an analysis of death certifi-
cates indicated associations with occupations in metalworking,
healthcare, education, sales, banking and administration [7].
More recently, the impact of silica and metal exposure has
been investigated. A noteworthy case-control study, the largest
of its kind, establisheded a robust correlation between silica
exposure and sarcoidosis [8]. However, despite its extensive
sample size, this study did not investigate other potential ex-
posures. Aligning with a mounting body of evidence linking sar-
coidosis to silica dust, another recent report underscored that
pulmonary sarcoidosis, as distinct from involvement in other
organs, was more prevalent among individuals exposed to inor-
ganic dust [9]. Notably, the methodologies employed by older
and more recent investigations varied, leading to discrepancies
in their findings, while also encompassing divergent study de-
signs. Given the disparate exposure classifications, the occa-
sional limitation of small sample sizes in certain studies and the
persistent need for detailed verification of occupational history
in sarcoidosis cases [10], the case-control study described here

sought to explore occupations and occupational exposures asso-
ciated with the risk of pulmonary sarcoidosis.

METHODS

This study received ethical approval from the Committee
on Bioethics of the National Centre of Occupational Safety
and Health (Belarus), al-Farabi Kazakh National University
(Kazakhstan) and Sechenov First Moscow State Medical
University (Russian Federation) and all participants provided
informed consent before their involvement. The research em-
ployed a case-control design with a 1:2 matching ratio. Cases
diagnosed with pulmonary sarcoidosis (identified as D86 using
ICD10) in Belarus, the Russian Federation and Kazakhstan
were selected from hospital records. Inclusion criteria encom-
passed prior hospitalization, a typical clinical presentation,
histological confirmation of diagnosis and age above 18 years.
All enrolled cases exhibited pulmonary sarcoidosis, some with
concurrent extrapulmonary lesions. Hospitalizations for diag-
nostic verification, accompanied by laboratory and ancillary
examinations, were a prerequisite for inclusion. Cases lacking
histological confirmation were excluded during the sample for-
mation stage.

Control subjects without sarcoidosis were randomly matched
to cases based on age and sex within the same city. Control re-
cruitment involved multiple sources, including subjects from
a prior epidemiological study on the occupational burden of
COPD [11]. Additional controls were obtained from outpatient
facilities in Moscow and Minsk, provided they had no history
of sarcoidosis-related hospitalization. For each case identified,
we enrolled two age- and sex-matched controls in the same city
where a case was included. Such controls did not have sarcoid-
osis, but could have other pulmonary, musculoskeletal, gastro-
intestinal and other diagnoses or their combinations. Inclusion
criteria for controls were independent of their exposure status,
contingent on consent and the matching process occurred after
case verification and inclusion.

The sample size calculation employed a formula considering
the odds ratio (OR) from prior studies, exposed controls pro-
portion, Z-alpha for a two-tailed test and the case-control ratio
to determine power. Assuming an anticipated effect size of OR
1.62 from the ACCESS study [S], Z-alpha of 1.96, and a 40%
proportion of exposed controls, a 1:1 case-control ratio would
necessitate 270 cases [12]. However, opting for a 1:2 ratio led
to 202 cases and 404 controls, achieving 80% power. The study
ultimately recruited 237 cases and 474 corresponding controls,
yielding an 86% power with a 14% type II error.

Participants, both cases and controls, completed a compre-
hensive questionnaire in Russian following informed written
consent. The survey gathered baseline demographic informa-
tion, including birthdate, date of first diagnosis, sex, permanent
residence, total years of work, highest education level attained,
detailed smoking status (never, ex-, current daily, current occa-
sional conventional cigarette smokers) and exercise frequency.
Alcohol use was categorized as never, occasional small amounts,
occasional moderate amounts and several times a week. A de-
tailed occupational exposure history was captured through a
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24-exposure questionnaire [13]. This tool allowed to verify
ever-exposure, years of exposure, average duration of work
week in hours and subsequently compute the cumulative ex-
posure (Table 1, available as Supplementary data at Occupational
Medicine online). The last question solicited participants to spe-
cify a major lifetime occupation.

Data were screened for normality using the Shapiro-Wilk
test, with most continuous variables showing non-normal dis-
tribution. Consequently, non-parametric tests were employed
for analysis. Binary variables were presented as frequencies or
percentages, while continuous variables were summarized as
medians with corresponding interquartile ranges (IQR). Mann-
Whitney U-test and Kruskall-Wallis test were used for univariate
comparisons of continuous variables.

The primary outcome of interest was the probability of being a
case following one or a combination of exposures in the lifetime.
To calculate such a probability, we first computed the distribu-
tion of exposures overall, and then in cases and controls, and

Table 1. Overall demographic portrait of the included cases and
controls

Overall Cases Controls

N (%) 711 (100) 237 (33) 474 (67)
Age, years (IQR) 49(37;60)  49(37;60) 49 (37;60)
Females, N (%) 358 (50) 119 (50) 239 (50)
Smoking status, N (%)

Never 424 (60) 138 (58) 286 (60)

Former 150 (21) 68 (29) 82 (17)

Daily 126 (18) 26 (11) 100 (21)

Occasional 11(1) 5(2) 6(2)
Highest attained education, N (%)

Secondary 8 (1) 3(1) 5(1)

school

High school 103 (14) 36 (15) 67 (14)

College 237 (33) 86 (36) 151 (32)

University 343 (49) 107 (46) 236 (50)

Academic degree 20 (3) 5(2) 15(3)
Marital status, N (%)

Single 118 (17) 33(14) 85 (18)

Married 523 (74) 183 (77) 340 (72)

Divorced 70 (9) 21(9) 49 (10)
Overall years in 23(12;33)  23(12;35) 23(12;33)
service (IQR)
Exercising 3 timesa 205 (29) 69 (29) 136 (29)
week, N (%)
Alcohol consumption, N (%)

Never 259 (36) 74 (31) 185 (39)

Small amount 233 (33) 81 (34) 152(32)

sometimes

Moderate 179 (25) 68 (29) 111 (23)

amounts some-

times

Few timesaweek 40 (6) 14 (6) 26 (6)
Any exposure, N (%) 332 (47) 141 (60) 191 (40)

P < 0.05.

elucidated significant differences between these groups in the
exposure distribution using contingency tables and y* tests. We
also tested the distribution of smoking, classified either as never-
or as ex- or current daily or occasional cigarette smoking; alcohol
use as a categorical variable with four outcomes; highest attained
education; marital status; regular exercise and the overall work
duration or years in service. Occupational exposures found sig-
nificantly associated with being a case in such univariate com-
parisons, including smoking status, we then consecutively tested
in crude logistic regression models. For each occupational ex-
posure, we had two variables, including a simple binary variable,
named ever-exposure in the current analysis and a cumulative
exposure as a continuous variable. Cumulative exposure was
obtained from the total years of specific exposure multiplied by
the average hours worked per week and divided by 40 (conven-
tional week duration in hours). All regression models were run
separately for ever- and cumulative exposure.

Variables found significantly associated with being a case we
also checked for collinearity using variance inflation factor, but
none was detected. Then they were included in the multivariate
logistic regression models, where these exposures, age, sex and
smoking were all adjusted for each other. We reported the ORs
with the corresponding 95% confidence intervals (CI) for each
predictor in all such models. Following general modelling for
the entire sample and separately in men and women, we then
narrowed the sample into those 40 years and older and reran all
models in this group. A similar approach was used to test the as-
sociations in never-smokers. All statistical tests were completed
in NCSS 2022 (Utah, USA), and the P-values of the tests were
specified accordingly.

RESULTS

The study’s case-control ratio of 1:2 resulted in cases consti-
tuting one-third of the sample. Median age across participants
was 49 years (IQR 37; 60), with no disparity between cases and
controls due to age and sex matching. Gender distribution was
even, with approximately half of the participants being female
(Table 1). Smoking status demonstrated significant differences,
with 18% of the overall sample being daily smokers and up to
60% being never-smokers. Notably, controls had a higher pro-
portion of daily smokers compared to cases (21% versus 11%),
while the trend was reversed for former smokers. This indicated
that a substantial number of cases had quit smoking either prior
to or around the time of diagnosis. Daily smokers in both cases
and controls smoked a median of 10 cigarettes per day for 15
years. When comparing daily smoking intensity between cases
and controls, no significant differences were observed in the
number of smoked cigarettes (median 10 for both groups) or
smoking duration (median 10 years for cases and 20 years for
controls, P > 0.05).

Around one-third of the sample engaged in regular exercise
(atleast three times a week), and a majority were married. Nearly
one-third reported never consuming alcohol. Univariate com-
parisons of marital status, education, work duration and alcohol
consumption revealed no differences between cases and con-
trols. Conversely, significant differences emerged in exposure
patterns, with 60% of cases and 40% of controls having ever
been exposed in the workplace. The most prevalent exposures
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included second-hand smoke in the workplace (29% of the
sample), working with copying and printing equipment (18%)
and exposure to car or engine exhaust (10%). Most other studied
exposures were reported in <10% of cases. Univariate compari-
sons identified a significantly higher prevalence of ever-exposure
for 50% of the studied exposures (12 out of 24) among cases
(Table 2). Notably, 11 of these 12exposures were more prevalent
in cases compared to controls; however, this pattern did not per-
sist when considering cumulative exposure.

The first three exposures in the questionnaire related to
metals. Grouping these exposures revealed a non-significant dif-
ference between cases and controls, with 23 cases (10%) and
34 controls (7%) exposed to metals. Among the 57 subjects ex-
posed to metals, 77% mentioned iron/steel, 30% stainless steel,
26% copper, 32% aluminium, 19% brass, 23% bronze, 32% hard
metals, 11% wolfram or cobalt, 11% zinc-coated plates, 16%
dyed metal, 9% gold or silver, 9% tin, 9% lead and 7% cadmium.
Multiple metals could be reported for a single worker.

Crude regression models indicated a positive association be-
tween ex-smoking and the outcome (crude OR 1.92, 95% CI
1.33; 2.78), while the association was opposite for current daily

smoking (OR 0.46, 95% CI 0.29; 0.73), reflecting the observed
smoking cessation pattern upon diagnosis. These crude models
corroborated associations seen in Table 2 (Tables 2 and 3, avail-
able as Supplementary data at Occupational Medicine online).
Adjusted models, accounting for exposures, smoking, age and
sex, revealed that only three ever-exposures (exposure to hay in
agriculture, car/diesel exhausts and printing equipment) were
independently associated with sarcoidosis (Table 3). When ex-
pressed as cumulative years of exposure (Table 4), exposure to
stone dust, hay in agriculture and car/diesel exhausts was associ-
ated with increased sarcoidosis risk.

Subgroup analysis of participants aged 40 and older
(N = 485) reinforced these patterns, with generally stronger ef-
fects. In multivariate analysis, ever-exposure to hay in agriculture
exhibited an OR of 4.64 (95% CI 1.50; 14.40), exposure to car or
engine exhausts displayed an OR of 3.93 (95% CI 1.15; 13.44),
and work with copying/printing equipment was associated with
a doubled odds of sarcoidosis (OR 2.06, 95% CI 1.17; 3.65).
Additionally, cumulative exposure to stone dust was linked to
a 1.09-fold increased risk of sarcoidosis (95% CI 1.02; 1.16),
while the OR for exposure to car or engine exhausts rose to 1.22

Table 2. Univariate comparisons of included exposures between cases and controls

Cases Controls

N (%) Cumulative exposure N (%) Cumulative exposure

exposed in years, median (IQR) exposed in years, median (IQR)
Sandblasting, grinding, milling or metal 10 (4) 6(4.5;19.3) 22.(5) 10 (2.8;24)
processing
Metal or steel production 6(3) 24.5(7.8;39) 24 (5) 10.5 (4.3; 20)
Welding’ 15 (6) 10 (5.24) 6(1) 15 (12; 17.8)
Nickel or chrome plating 0(0) 2(0) 7.5 (3;12)
Stone dust (in a quarry, mine, with building 19 (8) 14 (8;25) 12(2) 15 (10.5; 20)
demolition, in the foundry, with a furnace)’
Carbon or graphite powder’ 1(0) 15 (15;15) 12 (2) 13 (6.3;25.3)
Glass wool' 13 (5) 5(2;8.5) 9(2) 7(5;9)
Ceramics 4(2) 6.5 (1.3; 14.8) 4(1) 2(1;20.3)
Asbestos or asbestos-containing products 7(3) 10 (2;23) 8(2) 12 (5.5;24)
Poultry’ 6(3) 5(2.8;12) 2(0) 2(1;3)
Hay in agriculture’ 19 (8) 10(3;18) 6(1) 2(0; 6)
Grain or flour 10 (4) 4.5(1.8;12.5) 9(2) 9(1;24)
Timber or wood shavings’ 11(5) 1(1;3) 6(1) 8.5(1.8;17.8)
Paper production 6(3) 8(3.3;23.3) 5(1) 15(5.5;25)
Natural or artificial fibres 7(3) 15 (6;27) 13(3) 15 (1;27)
Ionizing radiation 2(1) 2.5(2;3) 2 (0) 7(2;12)
Solvents 17 (7) 7(2;13.5) 20 (4) 14 (3;20)
Open fire 7(3) 6(5;10) 6(1) 5.5(1.8;27.8)
Car or engine exhausts (in a repair shop or 24 (10) 7.5(2.3; 16.5) 11(2) 10 (4; 20)
garage)’
Irritating gases 14 (6) 9(2.8;16) 14 (3) 11.5 (4.5; 15.8)
Lubricating oils’ 15 (6) 8(2;24) 8(2) 9.5(5.3;27)
Isocyanate containing glue’ 7(3) 6 (1; 10) 3(1) 16 (15;26)
Second-hand smoke in the workplace’ 68 (29) 13 (6;25) 94 (20) 15 (8;21)
Copying and printing equipment’ 42 (18) 12 (45 20) 50(11) 11.5(5; 18)

P < 0.05 in the * test.
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Table 3. The effect (as OR with the corresponding 95% CI) of selected ever-exposures included in the multivariate logistic regression overall

and stratified by sex

Exposure

Overall (N = 711)

Men (N = 353)

Women (N = 358)

Welding

Stone dust (in a quarry, mine, with building
demolition, in the foundry, with a furnace)

Glass wool
Poultry

Hay in agriculture

Timber or wood shavings
Car or engine exhausts (in a repair shop or

garage)
Lubricating oils

Isocyanate containing glue
Second-hand smoke in the workplace
Copying and printing equipment

Ex-smoking
Daily smoking

2.36 (0.67; 8.30)
1.45 (0.60; 3.50)

2.15(0.74; 6.28)
3.26 (0.54; 19.56)
3.64 (1.26; 10.50)
2.06 (0.59; 7.24)
2.94 (1.14;7.54)

1.52 (0.48; 4.76)
3.11 (0.55; 17.59)
1.26 (0.83; 1.91)
1.66 (1.03; 2.68)
1.61 (1.07; 2.45)
0.41 (0.23; 0.72)

2.61 (0.73; 9.40)
0.72 (0.23; 2.28)

2.36 (0.74; 7.53)
6.23 (0.33; 115.0)
3.41(0.84;13.91)
1.84 (0.51; 6.68)
2.33(0.76; 7.15)

2.50 (0.64; 9.69)
4.59 (0.67; 31.52)
0.85(0.48; 1.52)
1.67 (0.79; 3.52)
3.32(1.88;5.88)
0.78 (0.41; 1.53)

5.28 (0.99; 28.14)

5.16 (0.13; 197.7)
2.36 (0.17; 33.15)
5.64 (0.94; 33.99)

Unstable

0.81 (0.07; 9.50)
2.36 (0.67; 8.30)
Unstable

2.13 (1.11; 4.08)
0.67 (0.32; 1.39)
0.11 (0.02; 0.49)

The model is adjusted for the variables shown, age and sex (except stratified by sex analyses).

Table 4. The effect (as OR with the corresponding 95% CI) of selected cumulative exposure included in the multivariate logistic regression

overall and stratified by sex

Exposure

Overall (N = 711)

Men (N = 353)

Women (N = 358)

Stone dust (in a quarry, mine, with building
demolition, in the foundry, with a furnace)

Hay in agriculture

Car or engine exhausts (in a repair shop or

garage)
Ex-smoking
Daily smoking

1.07 (1.01; 1.14)

2.02 (1.00; 4.07)
1.18 (1.03; 1.38)

1.80 (1.20; 2.69)
0.47 (0.28; 0.80)

1.02 (0.93; 1.13)

1.50 (0.85; 2.67)
1.09 (0.92; 1.29)

3.30(1.92; 5.65)
0.87 (0.48; 1.63)

1.22 (0.90; 1.65)

Unstable
Unstable

0.82 (0.40; 1.64)
0.14 (0.03; 0.58)

The model is adjusted for the variables shown, age and sex (except stratified by sex analyses).

(95% CI 1.04; 1.43). Notably, work with hay in agriculture ex-
hibited no association with the outcome in this older subgroup.
When the analyses were stratified by sex, smoking remained
significantly associated with sarcoidosis. However, most ex-
posure variables were no more associated with the outcome,
probably due to loss of power, most pronounced in women,
given that fewer women were exposed (39% versus 5% in men).
Further narrowing the analysis to never-smokers (N =424)
highlighted significant associations between ever-exposure to
stone dust (OR 3.39, 95% CI 1.0S; 10.09), hay in agriculture
(OR5.02,95% CI 1.44; 17.46) and copying/printing equipment
(OR2.08,95% CI 1.13; 3.86) in a model adjusted for exposures
and each other (R? = 0.36). Adjusted for each other cumulative
exposure model (R*=0.21) demonstrated significant associ-
ations for stone dust (OR 1.10, 95% CI 1.01; 1.20) and hay in
agriculture (OR 17.88,95% CI 1.21; 264.61) with sarcoidosis.

DISCUSSION

The landscape of earlier publications on environmental and
occupational risk factors for sarcoidosis varied significantly in

terms of sample size, exposure classification and reported effects.
In our sample of 711 subjects, maintaining a case:control ratio of
1:2 across three countries, we succeeded in confirming the previ-
ously established association between smoking and sarcoidosis.
Exposure to stone dust, car or engine exhausts, hay in agriculture
and work with copying/printing equipment demonstrated posi-
tive associations with sarcoidosis, independent of each other,
where the latter are novel findings. These associations were par-
ticularly pronounced among subjects aged 40 years and older,
with exposure to hay in agriculture exhibiting the strongest ef-
fect. Itis of note that the pattern of significantly associated expos-
ures remained consistent among never-smokers.

Historically, the contribution of occupation and occupational
hazards to sarcoidosis has received minimal attention in Soviet
literature. Our recent systematic review of Russian literature
from former Soviet countries highlighted this gap, where only a
few low-quality studies examined this aspect [ 14]. Exposure data
for crystalline silica were not available for exposed cases or con-
trols, but the positive association of exposure to stone dust with
sarcoidosis in our cohort was consistent with earlier findings of
the effect of silica. In a Swedish population register, the risk of
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the disease was 27% greater in those exposed with even greater
effect in younger men [8]. This study was the largest ever to re-
port the effect, but it was, however, limited to only one exposure.
Such findings were consistent with another study from Sweden
where cases were recruited from the construction industry [15].
In 371 cases, they demonstrated some 83% increase in the risk of
the disease in medium to highly exposed workers. In addition, 12
cases were reported from a cohort of 506 hard-rock miners with
known respirable crystalline silica levels in the air [16], in which
authors conclude on the likely association of employment with
the diagnosis. Furthermore, high immunoreactivity to silica was
found in the greater number of sarcoidosis patients compared to
controls in another study [17].

No association of exposure to silica with sarcoidosis was
found in the ACCESS [5] and a recent report from Israel [18],
possibly due to unreliable silica exposure estimates. The use of
a more detailed 24-item questionnaire in our study was an at-
tempt to reduce such exposure misclassification. Similarly, the
effect of metals could not be robustly confirmed across studies
demonstrating some positive association expressed either as
higher immunoreactivity [17] or as ever working in metal
machining of metalworking [6] or even greater mortality rates
in sarcoidosis patients exposed to metals [7], or no association
in the multivariate analyses [S]. Our study also failed to confirm
such an association.

An earlier observation of the positive association of work
in agriculture with sarcoidosis was also found in this study. An
almost 1.5-fold greater risk of sarcoidosis in the agricultural
workers in the ACCESS study [S] is consistent with a 2-fold
greater risk of the outcome in those exposed to hay in agricul-
ture in our report. Work in farming and agriculture was also the
most prevalent exposure in a small group of sarcoidosis cases
[19]. Birds may be another occupational and environmental
exposure with an ambiguous effect. The positive association of
exposure to birds in [S] could not be confirmed in our cohort.
Furthermore, the observation of stronger effect of most signifi-
cant predictors in the older group in our study was also reported
in the preceding publications. We hypothesize this could be as-
sociated with more accumulated years of exposure in the older
worker groups.

Cigarette smoking is one of the most important risk factors
studied in sarcoidosis patients from the very first published
studies [3]. Many publications concluded that smoking had
a protective effects for the onset of sarcoidosis, and the effects
spanned from ever-smoking [5] to current daily smoking.
Smoking induces a range of inflammatory responses and has
been shown to cause most respiratory diseases or worsen their
prognosis, and sarcoidosis could be one of them [20,21]. In
the occupational groups, smoking is even more important and
shows a complex interplay with a healthy worker effect [22-26].
Significantly lower daily smoking in our cases compared to the
general population in all three included countries [11,27,28]
further reaffirms the notation that many with sarcoidosis cases
quit smoking.

The major limitation of our study was the use of only ques-
tionnaire data for exposure classification, given that objective
exposure assessment data were not available. In our study, as in
most preceding case-control studies, which almost always rely on

the retrospective exposure data, such exposure misclassification
was likely. We also believe that some differential misclassification
of exposure was present [29]. However, our approach to miti-
gate such recall bias was to select controls, not from the healthy
group, but from the general population with other diseases [30],
such as cancer, cardiovascular conditions, etc. Additionally,
while we matched subjects by sex and age, other confounders
like socioeconomic status [31-33] or BMI were not accounted
for. We also understand that some unmeasured confounding was
present. Additionally, the questionnaire did not consider expos-
ures of interest outside those at work. Finally, our study lacked
testing for beryllium sensitivity, which is recommended for sar-
coidosis patients.

In conclusion, our study fills an evidence gap by exploring the
occupational contribution to sarcoidosis, an aspect historically
understudied in the included countries. We have now demon-
strated that exposure to stone dust, hay in agriculture, engine
exhausts and even copying/printing equipment display posi-
tive associations with sarcoidosis. While our findings provide
valuable insights into potential risk factors, further research is
required to better understand the complex interplay of occupa-
tional exposures, smoking and other variables in sarcoidosis de-
velopment.
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