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ORIGINAL ARTICLE

A nationwide follow-up study of occupational organic
dust exposure and risk of chronic obstructive

pulmonary disease (COPD)
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ABSTRACT

Objectives To study exposure-response relations
between cumulative organic dust exposure and incident
chronic obstructive pulmonary disease (COPD) among
subjects employed in the Danish farming and wood
industry.

Methods We studied exposure-response relations
between cumulative organic dust exposure and incident
COPD (1997-2013) among individuals born during
1950—1977 in Denmark ever employed in the farming
or wood industry (n=175409). Industry-specific
employment history (1964-2007), combined with
time-dependent farming and wood industry-specific
exposure matrices defined cumulative exposure. We used
logistic regression analysis with discrete survival function
adjusting for age, sex and calendar year. Adjustment for
smoking status was explored in a subgroup of 4023 with
smoking information available.

Results Cumulative organic dust exposure was inversely
associated with COPD (adjusted rate ratios (RR

(95% Cls) of 0.90 (0.82 t0 0.99), 0.76 (0.69 to d 84) and
0.52 (0.47 to 0.58) for intermediate-low, intermediate-
high and high exposure quartiles, respectively, compared
with the lowest exposure quartile). Lagging exposure 10
years was not consistently suggestive of an association
between cumulative exposure and COPD; RR_, (95% Cly:
1.05(0.94 t0 1.16),0.92 (0.83 to 1. OZ)andO63

(0.56 to 0.70). Additional stratification by duration

of employment showed no clear association between
organic dust exposure and COPD except for the longer
exposed (15—40 years) where an inverse association was
indicated. Subgroup analyses showed that smoking had
no impact on exposure-response estimates.
Conclusions Our findings show no increased risk of
COPD with increasing occupational exposure to organic
dust in the farming or wood industry. Potential residual
confounding by smoking can, however, not be ruled out.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
is a leading cause of death worldwide.! COPD is
characterised by progressive and only partly revers-
ible airflow limitation, enhanced systemic and
chronic airway inflammation, and several comor-
bidities.> Smoking is the main environmental
cause of COPD, but occupational exposures are

Key messages

What is already known about this subject?

» Chronic obstructive pulmonary disease (COPD)
is a leading cause of death worldwide.

» Occupational dust exposure is a suggested
risk factor for COPD, however results are not
unanimous.

What are the new findings?

» After accounting for bias related to timing
and duration of exposure, our findings are not
indicative of an overall increased risk of COPD
related to organic dust exposure in the farming
or wood industry.

How might this impact on policy or clinical

practice in the foreseeable future?

» Results from this large-scale study with
quantitative exposure estimates suggest the
impact of organic dust on COPD to be limited.
Adjusting for smoking in a small proportion
of participants did not alter the result, but still
potential confounding by smoking cannot be
ruled out.

also considered important contributors® of which
organic dust exposure is a suggested risk factor.*’
Organic dust is a mixture of particles originating
from plants, animals and microorganisms. Occu-
pational organic dust exposure is especially
pronounced in the farming and wood industries.®
In Denmark around 3% of the workforce or 70
000 individuals are employed in these industries,
considerably more than individuals employed in
other organic dust-related industries.” In a recent
review by Sadhra et al on occupational exposures
and COPD, biological dust had the highest risk
estimate for COPD,® whereas Bolund et al, in a
review on organic dust and lung function decline,
concluded that there is limited evidence of a causal
association between exposure to organic dust and
long-term excess decline in lung function.” Both
reviews emphasise the lack of follow-up studies
with quantitative exposure information.

BM)

Vested A, et al. Occup Environ Med 2019;76:105—113. doi:10.1136/0emed-2018-105323 105

“ybLAdod Aq paoaloid 1sanb Aq 6T0Z Arenigad 0zZ uo /wod:fwg wao//:dny wolj papeojumod "gT0Z 18quiadad TE U0 £ZEG0T-8T0Z-PaWa0/98TT 0T St paysiignd 1sii) :paj uoliaug dnaso


http://oem.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/oemed-2018-105323&domain=pdf&date_stamp=2019-01-11
http://oem.bmj.com/

Workplace

This study used nationwide Danish health and industry regis-
ters and quantitative organic dust industry exposure matrices
(IEMs) to estimate exposure-response relationships between
cumulative organic dust exposure and COPD among farmers
and woodworkers.

METHODS

Study design

The study is a nationwide register-based cohort study linking
cumulative organic dust exposure levels obtained from personal
employment histories on an industry code level available from
the Supplementary Pension Fund Register (SPF) over the period
1964-2007 combined with two quantitative organic dust
IEMs for all employees in Denmark with risk of COPD during
follow-up (1997-2013) using Danish registry data.'* !

Study population

The study population was identified among all individuals born
in Denmark between 1 January 1933 and 31 December 1977
(n=3 622 981) who were ever employed in the farming or
wood industry between 1 January 1964 and 31 December 2007
according to the SPF (n=535918).

To ensure full employment history from 1964 and onwards,
only individuals born 1950 and onwards were included in the
cohort. Start of follow-up was 1 January 1997 if occupation-
ally exposed to organic dust in farming or wood industry prior
to 1997 or otherwise 1 January the year following the year of
first employment in farming or the wood industry, as no infor-
mation on month or day of employment was available. There-
fore, all independent variables were lagged 1year. Follow-up
continued until death, disappearance, emigration, first diagnosis
of COPD or 31 December 2013 based on information from the
Civil Registration System. White-collar workers in the farming
and wood industry were excluded. Work years were divided into
white-collar and blue-collar years based on unemployment fund
membership information from the Danish National Register of
public transfer payments. Unemployment fund membership is
a voluntary insurance directly related to profession/education.
Based on this source 77% of the person-years of the initial study
population could be divided into blue-collar and white-collar
work years.

This resulted in a final study population of 175 409 individ-
uals and 2 716 631 person-years. A flow chart of the selection
process is provided in online supplementary material 1. Addi-
tionally, the subset of the population who had their first employ-
ment in the farming or wood industry between 1997 and 2007
(the inception population) were identified in order to perform
analyses accounting for left truncation bias.

For a subgroup (1915 farming apprentices and 2121 wood-
workers who participated in industry-specific studies on airway
disease in 1993 and 1997-1998, respectively), smoking infor-
mation (ever/never) was available from questionnaires answered
on inclusion.” ™ Four individuals participated in both studies.
Hence, the subpopulation consisted of 4032 individuals.

Outcome

COPD was defined as the presence of at least one of the
following diagnoses according to the International Classification
of Diseases, tenth revision (ICD-10); emphysema (J43, ]J43.0,
J43.1, J43.2, J43.8 and J43.9), other COPD (J44, J44.0, J44.1
J44.8 and J44.9) or eighth revision (ICD-8); bronchitis, unspec-
ified (490), chronic bronchitis (491) and emphysema (492) in

the Danish National Patient Register 1977-2013 (online supple-
mentary material 2).

Industry exposure matrix

Two farming and wood industry-specific time-dependent quanti-
tative IEMs were established according to the Danish Industrial
Classification of Economic Activities (third edition) industry
codes.” The wood industry IEM included: (1) Sawmilling
and planing of wood, (2) Manufacture of veneer boards and
wood-based boards, (3) Manufacture of builders carpentry and
joinery, (4) Manufacture of wooden packaging, (5) Furniture
industry and (6) Carpenter and joiner business/construction and
the farming IEM included: (1) Crop farming, (2) Cattle farming,
(3) Pig farming, (4) Poultry farming, (5) Mixed farming and (6)
Fur-animal farming. Wood IEM geometric mean (GM) levels
were extracted from the WOODEX exposure database.'®!” Esti-
mates for the furniture industry were based on Danish estimates,
whereas remaining estimates were established from measure-
ments from several countries with similar production circum-
stances.'® GM and geometric SD (GSD) values were used to
estimate arithmetic means (AMs) for each category based on the
following formula:

AM=GM Xxexp(In(GSD))*/2)"®

A 6% annual decline in wood dust exposure was assumed
from 1975 and onwards based on earlier results.'’!

For farming, AM levels of dust exposure were assigned from
representative personal dust measurements among Danish crop,
cattle, pig, poultry, mixed and fur animal farmers performed in
2008-2009.% No temporal exposure trends were assumed.”

Exposure assignment

For each person, all years (1964-2007) with industry codes
representing employment within the farming or wood industry
were linked with industry-specific exposure estimates from the
six levels of each of the two IEMs. Years without industry code
information or with non-farming or non-wood industry codes
were assigned no exposure. Organic dust exposure was cumu-
lated from the first year of employment in the farming or wood
industry until 31 December 2007, year of COPD diagnosis, or
year of death, disappearance or emigration with 1year lag by
stepwise summation yielding mg/m?’-years.

To take the long lag period of disease induction of COPD as
well as healthy worker survivor effect into account cumulative
exposure was also lagged 10 years. The inception population
cumulative exposure was only lagged 5 years due to a maximum
of 16 years since first exposure.

Statistical analysis
Cumulative exposure during follow-up was divided into four
exposure groups based on quartiles of exposure of the person-
year distribution of the different subsets of the study populations
with the lowest exposure group as reference in all analyses.

Associations between cumulative organic dust exposure
and COPD were investigated with logistic regression analysis
performed as a discrete survival function with person-years as
the unit of analysis providing rate ratios (RRs).** Analyses were
performed on the total study population including quartiles
of cumulative exposure with and without 10 years lag, on the
inception population including quartiles of cumulative exposure
with and without Syears lag, and on the subpopulation with
smoking information.

Additionally, models with untransformed continuous cumu-
lative exposure and RRs per mg/m’-year were included in all
tables.
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Table 3 RR (95% Cl) of COPD by quartiles of cumulative organic dust exposure stratified by duration of employment in wood and farming (1 year,

2 years, 3—6 years, 7-14 years and 15-40 years) with 10 years lag

Duration of employment in wood and farming RR e 95%Cl RR,,* 95%Cl
1year (n=709 199 person-years (26%))

No (0 mg/m3—year) 1 1

Intermediate-low (>0.03-0.81 mg/m>-year) 1.88 (1.57 to 2.44) 1.00 (0.83 t0 1.20)
Intermediate-high (>0.81-1.61 mg/m3—year) 1.52 (1.26 t0 1.83) 0.81 (0.67 t0 0.98)
High (>1.61-9.06 mg/ms-year) 1.66 (1.38 t0 1.99) 0.90 (0.75 to 1.09)
Per mg/m3-year’r 1.06 (1.02 t0 1.11) 0.97 (0.92 to 1.01)
2years (n=505 356 person-years (19%))

No (0 mg/m>-year) 1 1

Intermediate-low (>0.03-1.75 mg/m’-year) 2.19 (1.72 to 2.80) 1.19 (0.92 to 1.52)
Intermediate-high (>1.75-3.69 mg/m>-year) 2.13 (1.67 t0 2.72) 1.18 (0.92 to 1.51)
High (>3.69-17.96 mg/m3—year) 1.84 (1.43 t0 2.36) 0.94 (0.73t0 1.21)
Per mg/m’-yeart 1.04 (1.01 t0 1.07) 0.98 (0.95 to 1.01)
3-6years (n=793201 person-years (29%))

Low (0-0.45 mg/m>-year) 1 1

Intermediate-low (>0.45-3.49 mg/m3—year) 2.46 (1.97 t0 3.07) 1.54 (1.22t0 1.93)
Intermediate-high (>3.49-7.35 mg/m3-year) 2.29 (1.83 t0 2.86) 1.37 (1.09t0 1.72)
High (>7.35-50.94 mg/m3-year) 1.99 (1.58 to 2.50) 1.03 (0.81 t0 1.30)
Per mg/m3-year’r 1.01 (1.00 to 1.02) 0.98 (0.97 t0 0.99)
7-14years (n=505 925 person-years (19%))

Low (0-3.52 mg/m3—year) 1 1

Intermediate-low (>3.52-9.33 mglm3-year) 1.19 (0.91 to 1.57) 1.03 (0.78 t0 1.36)
Intermediate-high (>9.33-17.54 mg/m3—year) 1.23 (0.94 t0 1.62) 1.03 (0.78 t0 1.36)
High (>17.54-103.14 mg/m>-year) 1.45 (1.11 to0 1.88) 0.92 (0.70 to 1.20)
Per mg/m3-year'r 1.01 (1.00 to 1.01) 0.99 (0.98 to 1.00)
15-40years (n=202 950 person-years (7%))

Low (1.05-16.71 mg/m>-year) 1 1

Intermediate-low (>16.71-27.91 mg/m3—year) 0.96 (0.65 to 1.43) 0.92 (0.61 to 1.36)
Intermediate-high (>27.91-45.09 mg/m>-year) 1.08 (0.74 t0 1.59) 0.88 (0.60 to 1.31)
High (>45.09-172.69 mg/m3—year) 1.10 (0.75t0 1.61) 0.64 (0.43 to0 0.95)
Per mg/m’-yeart 1.00 (0.99t0 1.01) 0.99 (0.98 to 1.00)

*Adjustment for age group, calendar year and sex.
tContinuous cumulative organic dust exposure.
COPD, chronic obstructive pulmonary disease.

cumulative exposure and COPD except for a decreased risk of
COPD in the highest exposed group; RR_, (95%CI): 1.05 (0.94
to 1.16), 0.92 (0.83 to 1.02) and 0.63 (0.56 to 0.70) (table 2).
Distinctive differences between crude and adjusted results for
the lagged analyses were mainly driven by adjustment for age
(data not shown). Inception population results with exposure
lagged 5 years were suggestive of a tendency towards a posi-
tive association between cumulative exposure and COPD for the
intermediate-low and intermediate-high quartiles and an inverse
association for the high quartile (RRQdi (95%CI): 1.29 (0.98 to
1.70), 1.08 (0.81 to 1.43) and 0.77 (0.57 to 1.05), although no
statistically significant associations were seen (table 2).

Estimations of RR , per mg/m’-year were all indicative of a
small inverse association (table 2). Analyses with exposure lagged
10 years stratified by duration of employment in the farming
or wood industry showed no association for the 1 year and
2 years duration groups, a bell shaped association for the 3-6
years duration group, no association for the 7-14 years duration
group and a tendency towards an inverse association for those
employed between 15 years and 40 years in the farming and
wood industry (table 3). Estimates of RR , per mg/m’-year were
overall indicative of no or a small inverse association between
organic dust exposure and COPD. Inception population results
confirmed these results (data not shown).

In table 4, distributions of 65 464 person-years from 4032
individuals with smoking information are presented. The distri-
bution of sex and exposure patterns for the wood and farming
industry were similar to the total study population.

There were clear gradients of decreasing ever-smoking years
with increasing cumulative exposure (table 4).

Crude and smoking adjusted results may indicate a decreasing
risk of COPD with increasing cumulative organic dust expo-
sure (table 5), although far from statistically significant. Tests
for interaction between cumulative organic dust exposure and
smoking did not show an interaction between smoking and
cumulative exposure and adjustment for smoking did not influ-
ence exposure-response relationships. However, ever smoking
was a strong predictor of COPD with an RR (95% CI) of 7.36
(2.60 to 20.86).

DISCUSSION

This nationwide register-based study with quantitative exposure
information was not indicative of an overall increased risk of
COPD with increasing occupational exposure to organic dust in
the farming or wood industry after accounting for bias related
to duration and lag of exposure. Stratification by duration of
employment for 10-year lagged exposure suggested different
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Table 5 RR (95% Cl) of COPD by quartiles of cumulative organic dust exposure among 4032 farm workers (n=1911) and wood industry workers

(n=2121) with individual smoking information (n=65 464 person-years)

COPD cases
Organic dust exposure (n) RR crude (95% Cl) RR adjusted* (95% CI* RR adjustedt (95% CIt)
Low (0.06-6.05 mg/m’-year) (n=16 366 py) 18 1 1 1
Intermediate-low (>6.05-12.39 mg/m3—year) (n=16 12 0.67 (0.32 t0 1.38) 0.91 (0.43t01.91) 0.90 (0.43 t0 1.89)
366 py)
Intermediate-high (>12.39-21-35 mg/m3-year) (n=16 <5 0.22 (0.08 to 0.66) 0.33 (0.11 t0 0.98) 0.34 (0.11 t0 1.02)
366py)
High (>21.35-107.87 mg/m3—year) (n=16 366 py) 1" 0.61 (0.2910 1.29) 0.67 (0.31 to 1.45) 0.73 (0.33t0 1.59)
Per mg/m3-yeart 0.99 (0.96 to 1.01) 0.99 (0.97 to 1.01) 0.99 (0.97 to0 1.02)

*Adjustment for age (continuous), calendar year and sex.

tAdjustment for age (continuous), calendar year, sex and ever smoking at baseline.
t Continuous cumulative organic dust exposure.

COPD, chronic obstructive pulmonary disease; py, personyears.

exposure-response patterns for the five strata, but were overall
suggestive of an association towards the null.

Our results were consistent across different study populations
and exposure sources and adjustment for smoking in a subgroup
with smoking information did not influence the exposure-re-
sponse estimates.

The current literature on organic dust exposure and long-term
change in lung function or COPD is not consistent. A recent
systematic review concluded limited evidence of a causal associa-
tion between organic dust exposure and long-term decline in lung
function.” On the other hand, Sadhra et al, in a well-conducted
systematic review with physician-based or spirometry-based
COPD diagnosis, found that biological dust had the highest risk
estimate for COPD (OR 1.33 (1.17 to 1.51)) compared with
mineral dust (OR 1.07 (1.05 to 1.09)), gases (OR 1.10 (1.04
to 1.17)) and fumes (OR 1.16 (1.09 to1.23)). Importantly, the
authors found substantial lower risk estimates for JEM-based
compared with self-reported exposure estimates, and further-
more cohort studies and studies using cumulative exposure
provided lower risk estimates compared with cross-sectional/
case-control studies and current/longest held job.® Altogether
the authors highlight the need to interpret previous studies on
occupational exposure and COPD with caution.

Only few longitudinal studies have investigated exposure-re-
sponse associations between organic dust and COPD or long-
term decline in lung function. An exposure-response relation
between wood dust exposure and lung function decline was
found for women, but not for men, in a follow-up study of Danish
woodworkers.?® Additionally, Tagiyeva et al found that longer
lifetime exposure to biological dust increased the risk of reduced
lung function over 50 years compared with shorter exposure
duration?” and Alif et al found that fixed airflow obstruction
was associated with ever (but not cumulative) biological dust
exposure in non-asthmatics.>® However, in line with the current
findings,®" neither cumulative biological dust nor cumulative
endotoxin exposure was found to be associated with longitu-
dinal decline in lung function among 1134 Danish farming
students and controls.>’ Moreover, cumulative biological dust
exposure was not associated with increased airway obstruction
in a follow-up study among 4079 men and 4461 women aged
28-53 years, ever exposed to biological dust.*?

Protective effects of adult exposure to organic dust and devel-
opment of COPD has not been reported before. It is well known
that being born and raised on a farm protects against allergic
asthma, hay fever and atopic dermatitis, and recently it was also
indicated that early farm upbringing may increase lung function
in adult life.*®

Yet, we interpret the inverse association between organic dust
exposure and COPD found in our initial analysis as well as the
decreased risk observed among the highest exposed workers to
be due to confounding by most importantly smoking, interlinked
with healthy worker survivor effect. The healthy worker survivor
effect involves a selection process where those less fit for expo-
sure during employment leave exposed work early and thus
accumulate less exposure as well as a confounding effect relating
to differences between workers with frequent job changes and
workers who are stable in the job market with respect to health
related risk factors such as smoking.” ** Exposure lagging which
was used in the current study is a method to control for healthy
worker survivor bias related to lower exposure among those
who are eventually diagnosed with the disease of interest.> *

A major strength of the study is the use of high-quality registers
combined with quantitative estimates of organic dust exposure
in a large cohort study including all individuals born in Denmark
between 1950 and 1977 who have worked in the farming or
wood industry for which reason, the current study has no risk of
recall bias with respect to both exposure and outcome.

A clear limitation is the missing smoking information for
most of the participants. Results from the smoking-adjusted
analyses were however comparable with the results for the
total study population, and results with and without smoking
adjustment were similar (table 5). As expected and in accordance
with previous studies we did find ever smoking to be a strong
predictor for COPD.? ¥’ Smoking data were only available for a
small proportion of the study population (4032 individuals) and
furthermore were based on a crude measure of smoking at one
point in time. Thus, confounding by smoking during follow-up
cannot be ruled out. Of note, stratification by duration of work
has been useful in other studies without smoking information.
In a follow-up study on diesel exhaust and lung cancer with
exposure lagged 15 years, the authors demonstrated greater
HRs after gradual exclusion of workers with shorter tenures. As
in our data, the risk was declining among the workers with the
highest cumulative exposure.*®

Another limitation is risk of healthy worker survivor bias.
Lagged analyses, together with analyses stratified by duration
of exposure, performed to produce comparable groups within
strata with respect to unmeasured confounding related to dura-
tion of employment moved initial inverse associations towards
null or even to positive associations, except for those with the
longest exposure duration. This suggests that exposure lagging
and stratification only partly eliminated bias related to healthy
worker survivor bias. Short-term employment is characterised
by a more disease-prone lifestyle including a larger prevalence
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of smoking.” ** In our study the decreasing proportion of
ever smoking at baseline with increasing cumulative organic dust
exposure in the subpopulation with smoking information indi-
cates a less healthy lifestyle among the low-exposed as a poten-
tial explanation of the inverse association seen for analyses with
unlagged exposure.

Differences between crude and adjusted results were mainly
driven by including age in the model. Age is highly correlated
with cumulative exposure to risk for COPD and therefore this
was not surprising.

Occupational cohort studies are often prone to left truncation
bias when subjects who are less susceptible to exposure (preva-
lent hires) remain exposed the longest and thereby associations
might be underestimated.”” Therefore, we performed analyses
on the inception population with follow-up since first employ-
ment in wood or farming in 1997 or later (incident hires). We
found similar findings for the inception cohort and thus the null
finding in the present study is not explained by left truncation
bias.

Number of person-years with chronic disease-related hospi-
talisations, shown to be related to length of employment,®
was unevenly distributed across exposure quartiles with more
person-year contributions from persons with more than two past
hospitalisations in the lower cumulative organic dust exposure
strata compared with the high (data not shown). Adjustment
for chronic disease did, however, not affect the direction or
magnitude of the associations. Additionally, as asthma is often
a precursor for COPD we also performed an analysis censoring
asthma cases in the year of asthma diagnosis. This did not alter
the association (data not shown).

COPD cases were identified from ICD codes in the National
patient Register originating from hospital reports and not from
general practitioners. Hence, we definitely underestimate the
true incidence of COPD. However, we have no reason to believe
that this underestimation relates to exposure level or duration.

It is a limitation that detailed job task information cannot
be accounted for in the industry-based job exposure matrix.
However, the farming and wood industry are well-defined
entities where probability of exposure is high and substantial
differences between different farm and wood industry segments
are well documented.’® ** Furthermore we only included
persons characterised as blue-collar workers when employed
in the farming or wood industry. We assigned zero exposure
to person-years without industry code information or with
industry codes not indicative of work within the farming or
wood industry. As organic dust exposure occurs in other indus-
tries than the farming and wood industry, it could be argued that
years of work within such industries should have been assigned
an exposure level. Yet, daily work within the farming and wood
industry exceeds organic dust exposure in most other indus-
tries,'® * so organic dust exposure from employment in other
industries is not expected to be the reason for the null finding.
Taken together, exposure misclassification is definitely present
but we do not judge this the main reason for our null finding.

CONCLUSIONS

After accounting for bias related to timing and duration of expo-
sure, our findings are not indicative of an overall increased risk
of COPD with increasing occupational exposure to organic dust
in the farming or wood industry. Adjusting for smoking in a
small proportion of participants with smoking information did
not alter the result, but still potential confounding by smoking
cannot be ruled out.
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