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Background

Consistent evidence from population studies report that 10-15% of the total burden of chronic
obstructive pulmonary disease (COPD) is associated with workplace exposures. This proportion of
COPD could be eliminated if harmful workplace exposures were controlled adequately.

To produce a standard of care for clinicians, occupational health professionals, employers and
employees on the identification and management of occupational COPD.

A systematic literature review was used to identify published data on the prevention, identification
and management of occupational COPD. Scottish Intercollegiate Guidance Network grading and
the Royal College of General Practitioner three star grading system were used to grade the evidence.

There are a number of specific workplace exposures that are established causes of COPD. Taking an
occupational history in patients or workers with possible or established COPD will identify these.
Reduction in exposure to vapours, gases, dusts and fumes at work is likely to be the most effective
method for reducing occupational COPD. Identification of workers with rapidly declining lung func-
tion, irrespective of their specific exposure, is important. Individuals can be identified at work by
accurate annual measures of lung function.

Early identification of cases with COPD is important so that causality can be considered and action
taken to reduce causative exposures thereby preventing further harm to the individual and other
workers who may be similarly exposed. This can be achieved using a combination of a respiratory
questionnaire, accurate lung function measurements and control of exposures in the workplace.

Introduction

Chronic obstructive pulmonary disease (COPD) is char-
acterized by progressive airflow obstruction that is only
partly reversible, inflammation in the airways, and sys-
temic effects or co-morbidities [1]. Its primary cause is
cigarette smoking, accounting for 80% of the disease bur-
den. COPD is the fourth leading cause of death worldwide
[2]. The prevalence of COPD is difficult to determine
because the condition does not usually manifest until mid-
life, may be confused with other conditions and normally
requires lung function assessment to confirm a diagnosis.

© Crown copyright 2015

In England and Wales, it is estimated that there are cur-
rently 900000 diagnosed cases, and an estimated 2 mil-
lion people are thought to have the disease but remain
undiagnosed [3].

Other environmental risk factors for COPD have been
identified. The evidence supporting these risks varies. For
example, the roles of coal, cadmium, silica and biomass in
the causation of COPD are relatively well established, and
the role of more generic exposures to potentially harmful
inhaled exposures in the workplace, subsequently referred
to as vapours, gases, dusts and fumes (VGDF), are sup-
ported by evidence from a number of studies [4—11].The
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cause of COPD in an individual case is likely to be mul-
tifactorial, with multiple personal risk factors and expo-
sures influencing its development and progression.

For the purposes of this study, occupational COPD is
defined as COPD where there has been a material con-
tribution made to its development, or severity, by inhaled
workplace agent(s). When considering the influence
COPD has on the fitness and ability to work, all COPD
is considered, and not just that component thought to be
caused or made worse by work.

National legislation to prevent exposures that cause
COPD varies geographically. In Great Britain, for
example, employers and their workers have responsibili-
ties under the Control of Substances Hazardous to Health
(COSHH) Regulations 2002 to prevent potentially harm-
ful exposures to agents in the workplace [12]. However,
there is little published evidence to assist employers and
workers when considering either how best to reduce the
risk of COPD related to work, or how best to identify and
retain those with COPD in the work environment.

Various documents have highlighted these issues.
For example, the recent Clinical Strategy for COPD
and Asthma in England and Wales, produced by the
Department of Health, emphasized the importance of
workplace exposures when considering COPD [13].This
was from the perspective of not only reducing exposures
to potentially harmful VGDF but also modifying other
risk factors at work, including for example, smoking ces-
sation programmes, and how best to retain those with
COPD in the workplace.

Along with examining the evidence base surround-
ing occupational COPD, this review intends to provide
evidence-based guidance for the management of workers
with early or established COPD. Although there is now a
wealth of literature about COPD and occupation, there
remains a lack of practical guidance for health care work-
ers in this area. The intent of this study is therefore to be
practically focused and to assist all health care profession-
als, and others, to understand what the evidence supports
in terms of practice and where evidence is still lacking.

Methods

The evidence reported here is taken from the output of
a systematic literature search and subsequent rating of
evidence quality, concerning the prevention, identifica-
tion and management of occupational COPD. A com-
prehensive systematic approach was used, adopting a
revised method developed by the Scottish Intercollegiate
Guidance Network (SIGN) [14]. This same approach
was used for the British Occupational Health Research
Foundation reviews of occupational asthma and occu-
pational contact dermatitis and urticaria [14-17]. Since
much of the published evidence in occupational health is
of low ‘strength’, the Royal College of General Practitioner
three star grading system was also used [18,19].

The literature was searched using MEDLINE,
EMBASE, Emcare and the British Nursing Index, with
searches spanning from 1960 to the end of 2013. A set
of search terms were agreed by the study team and an
expert working group.

The search strategy provided 8251 titles for consid-
eration, of which 1371 abstracts were reviewed indepen-
dently by three researchers. A total of 490 papers were
obtained and independently and critically assessed, with
187 of these included in the final evidence tables.

Critical appraisal and grading of the strength of
the evidence, depending on the likelihood of bias and
consideration of confounding factors, were conducted
according to the methods described previously. Where
reviewers disagreed about the quality rating, the level of
the paper or its relevance to this research, discussion was
used to resolve disagreement. Where resolution was not
achieved, an additional reviewer was involved in the dis-
cussion in order to gain a consensus rating.

Graded evidence-based statements were then con-
structed based around original research questions. To
grade these, the views of the project team were assessed
using the breadth of evidence available to them.

Where no evidence was available, guidance was based
on consensus agreement between an expert working
multidisciplinary group, details of which are given in the
Acknowledgements.

Results

Prevalence, causation and costs of
occupational COPD

Good quality and varied evidence has identified inhaled
occupational exposures as a risk factor for the develop-
ment of COPD. Its contribution is likely to vary depending
on the nature and extent of exposure. In some industries,
and under some circumstances, this contribution could
be equipotent with cigarette smoking, but more gener-
ally, cigarette smoking is likely to have the greater effect.
Additionally, certain data support occupational expo-
sures in non-smokers as a cause of COPD [20].
Population studies have identified occupational expo-
sures as accounting for approximately 10-15% of the
‘burden’ of all COPD in working age adults [11,21-24].
This does not imply that 10-15% of individuals have
COPD caused by occupational exposures, or even that
10-15% of the disease can be attributed to work in those
who have been exposed. The effect is likely to be much
more variable than that though on average 10-15% of
the harm done will have been caused by occupational
exposures assuming the associations to be causal. This
amount or proportion is often termed the population
attributable risk percentage or fraction (PAR%) and rep-
resents the proportion of the total burden of an illness
that can be attributed to a particular cause. These figures
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also demonstrate the importance of the overall contribu-
tion that occupational exposures make to the develop-
ment of current COPD, given that COPD is a common
condition [25-27].

The consistency, strength and plausibility of previ-
ously published data have led others to suggest that they
support a causal relationship between a wide range of
occupational exposures and COPD, although this point
is still actively debated [28-30].

It is additionally important to stress that the data used
to derive the median PAR% values are largely epidemio-
logical in nature. As a consequence, there are difficul-
ties with interpretation between studies using differing
methodologies and studying the effects of different types
of workplace exposure. This is a complex area, and new
studies and methods of analysis are constantly being
developed.

In terms of specific causative exposures at work, most,
primarily population-based, evidence supports only the
generic effect of exposures to VGDF as being harm-
ful. Indeed, a large number of mixed method publica-
tions have identified ‘ever’ being exposed to VGDF as
an important contributor to COPD prevalence and/or
severity, even when corrected for the effects of tobacco
smoking. A recent study using a job exposure matrix to
classify exposures has also identified that occupational
biological and mineral dust exposures, gases/fumes and
exposures to VGDF were all associated with the inci-
dence of at least moderate severity COPD [31].

Although it is not possible to be definitive from the
current evidence base (which is considerable globally),
the data support at least an additive effect of VGDF and
tobacco smoking [11].

Al #** SIGN 2++: Occupational exposures are a risk
factor for the development of COPD and account for
approximately 10-15% of all COPD [11,21-23].

A2 ** SIGN 2+: The prevalence of COPD in working
populations varies and can be as high as 30% in the
working age population [25-27].

Varying levels of evidence also support specific exposures
at work as causative for COPD, although data here are
often less reliable [26,27,32-48]. It was not the intent of

Table 1. Occupations at increased risk of COPD

this process to rate relative potency of agents capable of
causing COPD, although previously reported exposures
potentially associated with COPD causation include
agricultural dusts (from poultry, animal and arable farm-
ing products and practices), asbestos, cadmium, carbon
black, (refractory) ceramic fibres, coal mine dust, other
dusts (from rubber, cotton, wood, iron/steel and smelt-
ing), endotoxin, flour, isocyanates and other chemicals,
silica and welding fumes.

In general terms, the body of evidence is stronger for
coalmine dust, silica, grain and textiles and less strong
for the other identified exposures.

Workers in numerous occupations (rather than expo-
sure type) are at increased risk of COPD, supported by
varying levels of evidence [8,39,49-59]. These occupa-
tions are listed in Table 1.

Many of these cited studies are based on epidemiolog-
ical techniques and as a consequence may have encoun-
tered difficulties differentiating asthma from COPD.

The potential cost of occupational COPD is consid-
erable. US-based data from 2002 attributed the costs
of occupational COPD to be $5.0 billion for the USA
annually, of which 56% were direct (health care, insur-
ance costs, etc.) and 44% were indirect costs (loss of
earnings, taking care of home, etc.) [60]. The authors
summarized that the economic burden of occupational
COPD is likely to be reduced if workplace exposures are
reduced in parallel with a focus on smoking cessation.

A3 ** SIGN 2++: Occupational agents reported to
cause COPD with varying degrees of supporting evi-
dence include coal mine dust, silica, asbestos, refrac-
tory ceramic fibres, flour, endotoxin, cadmium, carbon
black, agricultural dusts (from poultry, animal and
arable farming products and practices), dusts from
rubber, cotton, wood, iron/steel and smelting, welding
fumes, isocyanates and other chemicals [26,27,32-44].

A4 #** SIGN 2++: Workers reported to be at increased
risk of developing occupational COPD include
farmers, cotton workers, welders, painters, railroad
workers, coal miners and underground workers, car-
penters, metal workers, construction workers, cement
factory workers and gold miners [8,39,49-58].

Building services and sales workers

Cement-exposed workers

Cleaners

Coke oven workers

Construction and trade workers
Freight, stock and material handlers
Farming and agriculture workers
Food products manufacturing
Health care workers

Machine operators

Personal services
Pottery workers
Railroad workers

Highway and tunnel workers

Iron, steel and ferrochrome workers
Inorganic dust-exposed workers

Mechanic and repair jobs

Records processing and distribution clerks

Repair services/gas station workers

Rubber, plastics and leather manufacturing
workers

Silicon carbide smelter workers

Spray painting and welding

The armed forces

Textile mill products manufacturing

Transportation and trucking

Waitresses

Wood workers
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Prevention

There are few specific data relating to the primary, sec-
ondary or tertiary prevention of occupational COPD;
measures that aim to prevent the onset of disease, detect
early disease or prevent worsening of established disease,
respectively. Initiatives that were generally described in
the literature (none relates directly to COPD) included
programmes with multiple components, such as expo-
sure control, educational initiatives and health surveil-
lance, making it difficult to distinguish the effect of one
single intervention measure.

There is a lack of evidence relating to the use of
pre-placement screening (assessing workers medically
before defining their job tasks following employment)
as a preventative strategy for occupational COPD.
Consequently, this section focuses on the individual risk
factors identified for the development of occupational
COPD that could be targeted specifically in a preventa-
tive programme.

Tobacco smoking

As might be expected, there are many studies, mostly
cross sectional in nature, that identify smoking as a
risk factor for the presence of respiratory symptoms
consistent with COPD in a wide range of occupations
exposed to VGDF [11,61-79]. Given the, at least, addi-
tive effects of tobacco smoking on the development of
COPD related to VGDF exposure, this adds further sup-
port for smoking cessation approaches to be encouraged
amongst workers.

There were no data identified to link passive or envi-
ronmental tobacco smoke specifically at work and the
development of COPD. Recent data do, however, link
such exposures and the development of COPD in active
smokers, although the effects seen were less significant in
never smokers [80].

B1 ** SIGN 2++: Smoking is the main cause of COPD
in most occupational groups [11,61-79].

Other personal risk factors

There are data to support a link between ol antitrypsin
deficiency and the presence of increased respiratory
symptoms and airways obstruction in groups of workers
exposed to VGDF [81]. The evidence, however, does not
currently support the exclusion of workers with known
deficiency from dusty jobs. Despite the lack of evidence,
as those with PiZZ phenotype are at an increased risk of
developing COPD, it may be that they are at increased
risk from occupational causes of COPD.

The presence of atopy has also been reported as a
risk factor for the development of airways disease in
the occupational setting although again the strength
of evidence does not support exclusion of atopic indi-
viduals from workplaces with potential for VGDF
exposure [82—-84]. These studies, for example, did not

allow accurate differentiation between asthma and
COPD.

Prevention of occupational exposures to VGDF

In general terms, traditional control measures to pre-
vent or reduce exposures to VGDF at work are available,
although few identified publications dealt with these
issues [77,85,86]. In Great Britain, for example, employ-
ers have obligations (COSHH regulations) to prevent
or control exposures to hazardous substances at work.
This can be achieved by carrying out a risk assessment
and applying the principles of good practice to mini-
mize exposure. In order to decide on the most appro-
priate controls used, a ‘hierarchy of control’ is usually
applied. Methods of control at the top of the hierarchy
are generally considered the most effective (e.g. elimina-
tion of a particular agent from the workplace), but each
method has a role to play depending on the work situa-
tion (Box 1).

Box 1. The hierarchy of control

¢ Elimination: complete removal of an agent from
the workplace.

¢ Substitution: replacing a harmful agent with an
alternative less harmful agent (e.g. sand blasting
substituted by shot blasting).

* Engineering controls such as total enclosure, par-
tial enclosures with local exhaust ventilation and
general ventilation (e.g. ventilated cabs for har-
vesting/composting vehicles).

® Administrative controls, such as segregation of
workers, job rotation to limit potential expo-
sure time, good cleaning and maintenance prac-
tices, provision of hygiene facilities, information,
instruction and training.

® Personal protective equipment, including respira-
tory protective equipment.

In Great Britain, employers also have general obligations
to ensure that workers receive adequate information,
instruction and training about hazards in their work-
place, and how these are controlled.

As part of the risk assessment process, workers are
expected to be aware of hazards they could potentially
become exposed to and how to prevent or reduce these
exposures. This should normally be achieved by using
the controls provided by their employers, in line with
their training. For example, it is important that workers
know how and when to use: local exhaust ventilation sys-
tems, personal protective equipment, RPE, wet methods
to suppress dust or, for example, vacuum cleaners with
high-efficiency particulate air filters.

Although RPE is the final option in the hierarchy of
control, in practice it is frequently used first in workplaces
to reduce exposures to VGDF. Indeed, RPE may be the
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most appropriate method available, depending on the
nature of the work involved, when other measures cannot
reduce the exposures to acceptable levels on their own. If
RPE is to be used, it must be fit for purpose [87]. Workers
should therefore be involved in its selection and be appro-
priately trained, as this can only offer protection when
worn according to instructions provided by the manufac-
turer, and following an appropriate individual fit test [88].

It is important that workers are informed that work-
place controls are in place to protect their health, by pre-
venting or reducing exposures to hazardous substances,
and that the worker uses the control measures appro-
priately. This is particularly important for new and less
experienced workers.

In specific terms relating to COPD, evidence supports
a relationship between the increased awareness of respira-
tory problems within a workforce increasing the use of
RPE [88]. Of interest, there is no evidence identifying
problems using RPE in workers with COPD, although
anecdotally certain workers with COPD do report prob-
lems. For example, it is relatively common for workers
with airways disease to complain that wearing a face mask
makes their breathing more difficult. This may be because
unpowered RPE requires that workers with COPD gener-
ate inspiratory effort to draw air through the filter system,
potentially leading to collapse of their airways. Powered
RPE could be one way of overcoming such a problem.

B2 * SIGN 2+: The use of respiratory protective equip-
ment (RPE) can reduce the risk of accelerated lung
function decline in certain workers [89,90].

B3 * SIGN 3: Training, intervention and increased
awareness are needed to increase the effective use of
RPE by workers exposed to agents associated with
occupational COPD [88].

Behavioural issues and risk perception

The perception of risk of COPD by workers exposed to
potentially harmful VGDF is variable, and often influenced
by current health status, and other factors including educa-
tional levels and smoking status [91-93].There is no good
quality evidence to assist the risk management process
specifically for the development of occupational COPD.

Similarly, there is no published evidence to help
develop health and safety policies, or behavioural change
strategies, to reduce the individual or group risk relating
to the development of occupational COPD.

C1 * SIGN 2+: Risk perceptions of occupational COPD
are variable amongst workers, and often influenced by
health, educational and smoking status [91-93].

Diagnosis, early identification and health
surveillance
Diagnosis of occupational COPD

There is no agreed or standard accepted diagnos-
tic approach for occupational COPD. Although the

contribution of occupational exposures may often be
suspected to be important as a cause of COPD, often in
addition to the effects of other risk factors, quantifying
this differential causation is still a matter of individual
clinical opinion. One study does show that clinicians
are able to attribute differential causation between risk
factors in individual COPD cases and have reasonable
agreement amongst themselves [94].

Questionnaire

The evidence reviewed did not identify an accepted or vali-
dated questionnaire for use in workplace surveillance for
occupational COPD. If it is decided to use a questionnaire
at work, this should ask about symptoms of bronchitis,
wheeze, chest tightness and shortness of breath, body mass
index and other relevant information including demo-
graphic, smoking habit and specific and general occupa-
tional exposures. Ideally, a combination of the Medical
Research Council and European Community Respiratory
Health Survey respiratory questionnaires should be used,
given that many of the questions within these have been
validated against clinical endpoints [95,96].

Lung function

Measures of lung function at work are normally restricted
to those measures that can be made with portable equip-
ment, most importantly the forced expiratory volume in
1 s (FEV)), forced vital capacity (FVC), peak expiratory
flow and relaxed vital capacity. These measures are needed
for assessing both the presence and absence of COPD
(e.g. a normal FEV /FVC ratio excludes COPD) and for
assessing progression of known lung disease. The meth-
ods used to carry these out are described elsewhere, and
include American Thoracic Society/European Respiratory
Society and American College of Occupational and
Environmental Medicine guidance [97,98].

All lung function tests should be performed by compe-
tent operators to ensure that any inaccuracy is minimized,
particularly when values over time are being compared
[99].Values should then be recorded, compared over time
and be made available to the patient or worker.

In practice, measures taken at work will normally be
pre bronchodilator, and certain workers will be receiving
inhaled treatments that include long-acting bronchodila-
tors. These issues must be borne in mind, considering
most of the evidence base in non-occupational studies
will relate to post-bronchodilator values.

Longitudinal measures of lung function

It is recognized that longitudinal measurements of pul-
monary function, and in particular of FEV , are useful
in detecting accelerated or ‘excess’ decline in lung func-
tion and this is also true in the workplace [100]. Although
there is no consensus relating to how often these meas-
ures should be taken, there is evidence to support regular
assessment as helpful for identifying COPD [101].
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Adopting a system that allows assessment of meas-
ured lung function values over time appears a sensible
approach. Hnizdo described a simple, visual, analytical
tool, Spirometry Longitudinal Data Analysis software
(SPIROLA; freely available) as an aid to spirometry
monitoring [102,103]. This software helps to identify
spirometry data variability and helps to identify individu-
als with excessive decline in lung function. This approach
has been successfully used in the occupational setting
and is recommended [104].

Recent National Institute for Occupational Safety and
Health guidance suggests that workers with FEV| falls of
10-15% (depending on spirometry quality) from baseline
over a year should be medically evaluated [104]. This is a
complex area and further information is found in Appendix
1 (available as Supplementary data at Occupational Medicine
Online). Historic work has also suggested that workers in
dusty jobs may be self selected with better lung function,
and these issues may also need consideration in research
studies and clinical situations [105].

In conjunction with reported symptoms and measures
of lung function, assessment of cumulative workplace
exposures to harmful agents may contribute to assessing
COPD risk in workers [106,107].

D1 * SIGN 27: Accelerated lung function decline is a
feature of occupational COPD. This can be identified
at work if regular measures of lung function are taken
[41,90,94,108-110].

Lung function in the workplace environment

Accurate measures of spirometry are key to the success
of any workplace scheme. Achieving such accuracy [104]
requires the following:

® documented spirometer accuracy and precision,

® arigorous and standardized testing technique,

® accurate height measurement (without work shoes
or boots),

* standardized measurement of pulmonary function
values from the spirometry,

* training of spirometry technicians and

® quality assessment of samples of lung function
traces.

Interpretation of lung function results usually includes
comparison with predicted values and should also evalu-
ate changes in lung function over time [102].

As there is evidence to suggest that subjects with poor
spirometry test performance have lower FEV, values,
and therefore the exclusion of subjects with test failure
may cause selection bias during health surveillance or
longitudinal data collection, all attempts should be made
to obtain accurate measures from all workers within a
lung function assessment programme [103].

D2 ** SIGN 2++:Workers at risk of occupational COPD
should be assessed through a health surveillance

programme including lung function measured by
spirometry [90,111].

Prognosis

There are very few data relating to the prognosis of
occupational COPD in comparison to non-occupational
COPD. It is likely that continued harmful exposure
to inhaled agents with the potential to cause COPD,
continued smoking and the severity of COPD are all
important markers of an adverse outcome.

The presence of COPD irrespective of whether it was
caused by workplace agents is associated in many with a
reduced quality of life and is a significant cause of sick-
ness absence. As the disease progresses, the personal
impact of this disease can increase, with deterioration of
health-related quality of life, with greater impairment of
ability to work and declining participation in social and
physical activities [112,113]. Other financial adverse
outcomes are described, including effects on house-
hold income, uncertainty for the future and restricted
earning abilities. There is additional evidence to suggest
that workers with COPD have increased mental health
problems leading to depression and anxiety, which may
influence fitness or desire to work in individual cases
[114,115].

In terms of ability to work with COPD, there is a lim-
ited number of previous studies that address this issue
[115,116]. These, not surprisingly, conclude that severe
lung impairment can cause an inability to work, work
inactivity and unemployment. It was concluded that a
sizeable (1 in 17 individuals) proportion of non-partici-
pation in the overall workforce could be attributed to the
presence of COPD [117].

Limited data support adults with asthma or COPD
having greater risk of self-reported reduced general
health [115]. Furthermore, those with COPD or asthma
also had a worse mental health status, and COPD had
reduced current employment.

E1 * SIGN 2+:The social and economic burden of occu-
pational COPD may be reduced if workplace expo-
sures are reduced in parallel with a focus on smoking
cessation [60].

E2 ** SIGN 2++: COPD in workers is associated
with diminished physical and mental health and an
increase in depression and anxiety, which can lead to
early retirement and subsequent financial impact on
workers and their families [112-115].

Clinical management

The medical management of occupational COPD is no
different from that already accepted for non-occupational
COPD (e.g. National Institute for Clinical Excellence
guidance in the UK), although certain evidence does
support targeted interventions to improve knowledge,
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attitudes and behaviour of all workers at risk of develop-
ing occupational COPD [92,118].

Primary and secondary health care providers
Case identification and occupational history

It is possible to assess the occupational contribution to
individual cases of diagnosed COPD, although such char-
acterization remains a matter of clinical judgement. Taking
an occupational history will help identify possible relevant
exposures, guided by the listed relevant occupations and
exposures highlighted in this document. Patients and
workers should be allowed to talk freely relating to their
previous work, and a chronological list of jobs and job
tasks should be recorded, where possible including details
of known exposures. Knowledge of historic and current
exposures may also help make or exclude a differential or
coexisting diagnosis (e.g. silicosis, siderosis, coal worker’s
pneumoconiosis, extrinsic allergic alveolitis, bronchiolitis).

Lung function measurements

Occupational COPD does not differ from non-occupa-
tional COPD due to other causes in respect of diagnostic
physiology.

Patients with accelerated annual decline in FEV,
should have an occupational history taken as above, in
an attempt to exclude an occupational cause. This is
true not only for those with established COPD but also
for those without an established respiratory diagnosis.

In general, falls of FEV | of 10-15% from baseline over
1 year should be deemed clinically significant and require
further investigation. This also applies to those with sig-
nificant smaller falls year on year (e.g. 100 mls decline
each year for 5 years). This may involve advice in relation
to smoking cessation and gaining further information
about the nature of, and potential to reduce, workplace
exposures to VGDF.

Compensation

Patients may ask about compensation issues. It is out-
side the scope of this article to discuss this in more
detail, but information relating to the Industrial Injuries
Disablement Benefit process in Great Britain, for
example, can be found on the relevant website listed in
Box 3. Currently compensation is, however, available in
certain circumstances, including workers with a previous
history of 20 plus years of coalface work or cadmium
fume exposure.

Occupational health management
Workplace approach

A workplace-based risk assessment is central to managing
exposures to VGDF that are associated with occupational
COPD. The hierarchy of control should be used to plan
strategies to prevent or reduce harmful exposures where
possible. RPE is the last line of defence in the hierarchy of

control, but it may be useful if the combination of other
approaches does not reduce exposures effectively.

Workers should be informed about the hazards and asso-
ciated risks of their work, and also given information about
procedures and equipment in place to help reduce the risk
to their health. Advice about smoking cessation is impor-
tant, given the, at least, additive effects of tobacco smoking
on the development of COPD related to VGDF exposure.

Although there are no specific studies addressing
access to other treatment modalities at work, it seems
sensible to stress the importance of access to appropriate
medication and workplace smoking cessation initiatives
where they are available. European guidance exists to
assist employers and workers [119].

There were no studies addressing the effectiveness of
workplace-based pulmonary rehabilitation programmes
for occupational COPD, although this would appear a
sensible area for further investigation, given that many
workers with COPD will be required to exert themselves
as part of their work.

Respiratory health monitoring programme

Health surveillance may not be a legal requirement for
identifying COPD in every workplace; more information
can be found on the Health & Safety Executive (HSE)
website [120]. However, carrying out periodic measures
of lung function for workers exposed to VGDF at work
would be regarded as good practice. This needs a plan-
ning phase, in order to explain to workers why respira-
tory health monitoring is needed and what will happen
if early lung damage is found. Likely constituents of a
health programme include the following:

(i) Assessment of workers’ respiratory health before
they start a relevant job to provide a baseline, using
a questionnaire and lung function assessment. Lung
testing should measure the FEV | and the FVC.

(ii) Introduction of regular assessment as advised by a
health professional with knowledge of the workplace.
This should involve further questionnaires and lung
function assessments. An explanation must be given
of the results to individual workers and a view taken
on fitness to work where appropriate. Workers with
early COPD are often able to work normally.

(iii) Use of suitably qualified, competent advisers: health
professionals involved in a respiratory health monitor-
ing programme should be suitably qualified and fol-
low appropriate spirometry protocols (e.g. American
College of Occupational and Environmental
Medicine, Association for Respiratory Technology
and Physiology. It is important to ensure that all
measurements taken are as accurate as possible.
There is good guidance available to ensure this.

(iv) Accurate interpretation of information: health
professionals should interpret the result trends for
groups of workers and individuals, and identify
any need to revise the risk assessment. Suitable
software is available free, see Box 3.
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(v) A responsible person should be appointed at work,
to whom any symptoms that occur between assess-
ments should be reported.

(vi) A medical record should be kept and workers
should be encouraged to keep a copy of their
results in case they change jobs.

(vil)) Attendance records can be useful to identify any
patterns in sickness absence in the workplace.

Conclusion

This review has highlighted a broad range of literature
relevant to COPD and work. Certain areas are well
represented in the literature and include causation of
COPD by VGDF, and to a lesser degree, the utility of
lung function in the workplace. Areas where there are
gaps in knowledge include the diagnostic process, sensi-
tivity and specificity of diagnostic investigations, the use
of RPE in addition to other control measures to reduce
VGDF exposures, the benefits or otherwise of health
surveillance for COPD and aspects of workplace-based

rehabilitation programmes. These appear to represent
good areas for further study.

The hierarchy of control is illustrated in Box 1, a sum-
mary of the key points and recommendations is given in
Box 2, and useful links are listed in Box 3. Occupations
at increased risk of COPD are shown in Table 1. The
evidence-based statements are shown in Tables 2 and 3.
Certain evidence-based statements are replicated within
the appropriate text where relevant.
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Table 2. Evidence-based statements for occupational COPD relating to prevention, causation, behavioural issues and risk perception

Evidence grade Evidence-based statement Reference

Al #* SIGN 2++ Occupational exposures are a risk factor for the development of COPD and account for 11,21-23
approximately 10-15% of all COPD

A2 * SIGN 2+ The prevalence of COPD in working populations varies and can be as high as 30% in the 25-27

working age population
A3 **k SIGN 2++

Occupational agents reported to cause COPD with varying degrees of supporting evidence include

26,27,32-44

coal mine dust, silica, asbestos, refractory ceramic fibres, flour, endotoxin, cadmium, carbon black,
agricultural dusts (from poultry, animal and arable farming products and practices), dusts from
rubber, cotton, wood, iron/steel and smelting, welding fumes, isocyanates and other chemicals

A4 #¥ SIGN 2++ Workers reported to be at increased risk of developing occupational COPD include farmers, cotton 8,39,49-58
workers, welders, painters, railroad workers, coal miners and underground workers, carpenters,
metal workers, construction workers, and cement factory workers and gold miners
B1 ** SIGN 2++  Smoking is the main cause of COPD in most occupational groups 11,61-79
B2 ** SIGN 2+ The use of RPE can reduce the risk of accelerated lung function decline in certain workers 89,90
B3 * SIGN 3 Training, intervention and increased awareness are needed to increase the effective use of RPE by 88
workers exposed to agents associated with occupational COPD
C1 * SIGN 2+ Risk perceptions of occupational COPD are variable amongst workers and often influenced by 90-93

health, educational and smoking status

Table 3. Evidence-based statements for occupational COPD relating to early identification, health surveillance, management and

prognosis

Evidence grade Evidence-based statement

Reference

D1 * SIGN 2~ Accelerated lung function decline is a feature of occupational COPD. This can be identified at  41,90,94,108-110
work if regular measures of lung function are taken

D2 ** SIGN 2++  Workers at risk of occupational COPD should be assessed through a health surveillance 90,111
programme including lung function measured by spirometry

El * SIGN 2+ The social and economic burden of occupational COPD may be reduced if workplace 60
exposures are reduced in parallel with a focus on smoking cessation

E2 ** SIGN 2++ COPD in workers is associated with diminished physical and mental health and an increase in ~ 112-115

depression and anxiety, which can lead to early retirement and subsequent financial impact

on workers and their families.
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Box 2. Key points: Summary and
recommendations

® There is consistent evidence from population
studies that a median of 10-15% of the total bur-
den of chronic obstructive pulmonary disease
is associated with exposure to inhaled vapours,
gases, dusts and fumes in the workplace. There
is wider variation in this value across the entire
evidence base. This is the proportion of chronic
obstructive pulmonary disease that could be
eliminated in the future if such harmful expo-
sures were controlled adequately.

* Tobacco smoking also increases the harm pro-
duced by vapours, gases, dusts and fumes at
work. All available support should be given to
such workers to help them quit.

® There are a number of specific workplace
exposures that are established causes of
chronic obstructive pulmonary disease. Taking
an occupational history in patients or workers
with possible or established chronic obstruc-
tive pulmonary disease will identify these.

® Traditional control measures to prevent or
reduce exposures to vapours, gases, dusts and
fumes at work are likely to be the most effec-
tive methods of reducing occupational chronic
obstructive pulmonary disease. Such reduc-
tion in exposure may also reduce other health
risks including, for example, the risk of occu-
pational asthma, extrinsic allergic alveolitis
and pneumoconiosis.

* Identification of workers with rapidly declin-
ing lung function, irrespective of their specific
exposure, is important as they are likely to
need further medical and exposure assessment.
These individuals can be identified at work by
accurate annual measures of lung function.
This may be possible to achieve either by exist-
ing lung function programmes or by existing
health surveillance schemes.

® Early identification of cases with chronic
obstructive pulmonary disease is important so
that thought can be given to cause and action
taken to reduce causative exposures. This can
be achieved in the workplace using a combina-
tion of a respiratory questionnaire and accu-
rate lung function measurements.

® Occupational chronic obstructive pulmo-
nary disease is associated with adverse mental
health, financial and social outcomes.
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Box 3. Useful links

HSE COPD guidance: www.hse.gov.uk/pubns/guid-
ance/ and http://www.hse.gov.uk/copd/index.htm
(5 March 2014, date last accessed).

COSHH essentials: www.hse.gov.uk/coshh/essen-
tials/ (5 March 2014, date last accessed).

British Lung Foundation website COPD section:
http://www.lunguk.org/you-and-your-lungs/con-
ditions-and-diseases/copd (5 March 2014, date
last accessed).

Department of Health website: an outcomes strat-
egy for people with COPD and asthma in
England. This document contains relevant com-
ments about the workplace. http://www.dh.gov.
uk/en/Publicationsandstatistics/Publications/
PublicationsPolicyAndGuidance/DH_127974 (5
March 2014, date last accessed).

Association of Respiratory Technologists and
Physiologists: for guidance on physiology testing
http://www.artp.co.uk/ (5 March 2014, date last
accessed).

SPIROLA: a longitudinal spirometry data monitor-
ing software http://spirola.com/.

Department of Work and Pensions: industrial inju-
ries disablement benefit information is avail-
able from http://www.dwp.gov.uk/index.shtml (5
March 2014, date last accessed).

European Agency for Safety and Health atWork: E-facts
sheets http://osha.europa.eu/en/publications/e-
facts/ (5 March 2014, date last accessed).

GTOZ ‘8T A2\ UO Jawood Uy Aq /610°'sfeulnolp.io)xo pawodo//:dny wolj papeojumod


http://www.hse.gov.uk/pubns/guidance/
http://www.hse.gov.uk/pubns/guidance/
http://www.hse.gov.uk/copd/index.htm
http://www.hse.gov.uk/coshh/essentials/
http://www.hse.gov.uk/coshh/essentials/
http://www.lunguk.org/you-and-your-lungs/conditions-and-diseases/copd
http://www.lunguk.org/you-and-your-lungs/conditions-and-diseases/copd
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_127974
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_127974
http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_127974
http://www.artp.co.uk/
http://spirola.com/
http://www.dwp.gov.uk/index.shtml
http://osha.europa.eu/en/publications/e-facts/
http://osha.europa.eu/en/publications/e-facts/
http://occmed.oxfordjournals.org/

D. FISHWICK ET AL.: COPD AND OCCUPATION: A STANDARD OF CARE 279

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Decramer M, Janssens W, Miravitlles M. Chronic obstruc-
tive pulmonary disease. Lancer 2012;379:1341-1351.
World Health Organization. Chronic Respiratory Diseases;
COPD. http://www.who.int/respiratory/copd/en/ (10 July
2012, date last accessed).

NICE Clinical Guideline 101. Chronic obstructive pul-
monary disease (partial update). National Institute for
Clinical Excellence CG101, 2010.

Santo Tomas LH. Emphysema and chronic obstructive
pulmonary disease in coal miners. Curr Opin Pulm Med
2011;17:123-125.

Davison AG, Fayers PM, Taylor AJ ez al. Cadmium fume
inhalation and emphysema. Lancet 1988;1:663—667.
Hnizdo E, Vallyathan V. Chronic obstructive pulmonary
disease due to occupational exposure to silica dust: a
review of epidemiological and pathological evidence.
Occup Environ Med 2003;60:237—243.

Hnizdo E, Sluis-Cremer GK, Abramowitz JA.
Emphysema type in relation to silica dust exposure in
South African gold miners. Am Rev Respir Dis 1991;143:
1241-1247.

Oxman AD, Muir DC, Shannon HS, Stock SR, Hnizdo
E, Lange HJ. Occupational dust exposure and chronic
obstructive pulmonary disease. A systematic overview of
the evidence. Am Rev Respir Dis 1993;148:38-48.
Kodgule R, Salvi S. Exposure to biomass smoke as a
cause for airway disease in women and children. Curr
Opin Allergy Clin Immunol 2012;12:82-90.

Idolor LF, DE Guia TS, Francisco NA er al. Burden
of obstructive lung disease in a rural setting in the
Philippines. Respirology 2011;16:1111-1118.

American Thoracic Society Statement. Occupational
contribution to the burden of airway disease. Am J Respir
Crit Care Med 2003;167:787-797.

HSE. Control of Substances Hazardous to health
(COSHH) Regulations. http://www.hse.gov.uk/coshh/ (5
March 2014, date last accessed).

Department of Health. An Outcomes Strategy for Chronic
Obstructive Pulmonary Disease (COPD) and Asthma in
England. http://’www.dh.gov.uk/prod_consum_dh/groups/
dh_digitalassets/documents/digitalasset/dh_128428.pdf (5
March 2014, date last accessed).

HealthCare Improvement Scotland. The Scortish
Intercollegiate Guidelines Nerwork. http://sign.ac.uk/ (5
March 2014, date last accessed).

Fishwick D, Barber CM, Bradshaw LM ez al. Standards
of care for occupational asthma: an update. Thorax
2012;67:278-280.

Nicholson PJ, Cullinan P, Taylor AJ, Burge PS, Boyle C.
Evidence based guidelines for the prevention, identifica-
tion, and management of occupational asthma. Occup
Environ Med 2005;62:290-299.

Nicholson PJ, Llewellyn D, English JS; Guidelines
Development Group. Evidence-based guidelines for the
prevention, identification and management of occupa-
tional contact dermatitis and urticaria. Contact Dermatitis
2010;63:177-186.

Nicholson PJ. How to undertake a systematic review
in an occupational setting. Occup Environ Med 2007,
64:353-358.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Royal College of General Practitioners (RCGP) Three
Star System (1995). http://www.occupationalasthma.
com/occupational_asthma_pageview.aspx?id=4533 (5
March 2014, date last accessed).

Bang KM, Syamlal G, Mazurek JM, Wassell JT. Chronic
obstructive pulmonary disease prevalence among non-
smokers by occupation in the United States. ¥ Occup
Environ Med 2013;55:1021-1026.

Blanc PD, Torén K. Occupation in chronic obstructive
pulmonary disease and chronic bronchitis: an update. Int
F Tuberc Lung Dis 2007;11:251-257.

Blanc PD, Iribarren C, Trupin L et al. Occupational
exposures and the risk of COPD: dusty trades revisited.
Thorax 2009;64:6—12.

Darby AC, Waterhouse JC, Stevens V et al. Chronic
obstructive pulmonary disease among residents of an
historically industrialised area. Thorax 2012;67:901-907.
Trupin L, Earnest G, San Pedro M et al. The occupa-
tional burden of chronic obstructive pulmonary disease.
Eur Respir ¥ 2003;22:462—-469.

Melville AM, Pless-Mulloli T, Afolabi OA, Stenton SC.
COPD prevalence and its association with occupa-
tional exposures in a general population. Eur Respir ¥
2010;36:488-493.

Bala S, Tabaku A. Chronic obstructive pulmonary dis-
ease in iron-steel and ferrochrome industry workers. Cent
Eur ¥ Public Health 2010;18:93-98.

Dement JM, Welch L, Ringen K, Bingham E, Quinn P.
Airways obstruction among older construction and trade
workers at Department of Energy nuclear sites. Am ¥ Ind
Med 2010;53:224-240.

Blanc PD. Occupation and COPD: a brief review. ¥
Asthma 2012;49:2—-4.

Omland O, Wirtz ET, Aasen TB er al. Occupational
chronic obstructive pulmonary disease: a systematic liter-
ature review. Scand FWork Environ Health 2014;40:19-35.
Cullinan P. Occupation and chronic obstructive pulmo-
nary disease (COPD). Br Med Bull 2012;104:143-161.
Mehta AJ, Miedinger D, Keidel D et al. Occupational
exposure to dusts, gases, and fumes and incidence
of chronic obstructive pulmonary disease in the
Swiss Cohort Study on Air Pollution and Lung and
Heart Diseases in Adults. Am F Respir Crit Care Med
2012;185:1292-1300.

Cowie RL, Mabena SK. Silicosis, chronic airflow limita-
tion, and chronic bronchitis in South African gold min-
ers. Am Rev Respir Dis 1991;143:80-84.

Kalaci¢ I. Chronic obstructive pulmonary disease
in female asbestos workers. Arkh Hig Rada Toksikol
1973;24:3-9.

Wang XR, Zhang HX, Sun BX ez al. Is chronic air-
way obstruction from cotton dust exposure reversible?
Epidemiology 2004;15:695-701.

Jacobsen G, Schliinssen V, Schaumburg I, Sigsgaard T.
Increased incidence of respiratory symptoms among
female woodworkers exposed to dry wood. Eur Respir ¥
2009;33:1268-1276.

Carosso A, Ruffino C, Bugiani M. Respiratory diseases
in wood workers. Br ¥ Ind Med 1987;44:53-56.
Hammond SK, Gold E, Baker R ez al. Respiratory health
effects related to occupational spray painting and weld-
ing. ¥ Occup Environ Med 2005;47:728-739.

GTOZ ‘8T A2\ UO Jawood Uy Aq /610°'sfeulnolp.io)xo pawodo//:dny wolj papeojumod


http://www.who.int/respiratory/copd/en/
http://www.hse.gov.uk/coshh/
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/documents/digitalasset/dh_128428.pdf
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/documents/digitalasset/dh_128428.pdf
http://sign.ac.uk/
http://www.occupationalasthma.com/occupational_asthma_pageview.aspx?id=4533
http://www.occupationalasthma.com/occupational_asthma_pageview.aspx?id=4533
http://occmed.oxfordjournals.org/

280 OCCUPATIONAL MEDICINE

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Romundstad P, Andersen A, Haldorsen T. Non-
malignant mortality among Norwegian silicon carbide
smelter workers. Occup Environ Med 2002;59:345-347.
Hart JE, Laden F, Eisen EA, Smith TJ, Garshick E.
Chronic obstructive pulmonary disease mortality in rail-
road workers. Occup Environ Med 2009;66:221-226.
Bergdahl IA, Torén K, Eriksson K ez al. Increased mor-
tality in COPD among construction workers exposed to
inorganic dust. Eur Respir ¥ 2004;23:402—-406.

Harber P, Tashkin DP, Simmons M, Crawford L,
Hnizdo E, Connett J. Effect of occupational expo-
sures on decline of lung function in early chronic
obstructive pulmonary disease. Am ¥ Respir Crit Care
Med 2007;176:994-1000.

Randem BG, Ulvestad B, Burstyn I, Kongerud J.
Respiratory symptoms and airflow limitation in asphalt
workers. Occup Environ Med 2004;61:367-369.
Mwaiselage ], Bratveit M, Moen BE, Mashalla Y.
Respiratory symptoms and chronic obstructive pulmo-
nary disease among cement factory workers. Scand ¥
Work Environ Health 2005;31:316-323.

Lander F, Gravesen S. Respiratory disorders among
tobacco workers. Br ¥ Ind Med 1988;45:500-502.
Hnizdo E. Loss of lung function associated with expo-
sure to silica dust and with smoking and its relation to
disability and mortality in South African gold miners. Br
F Ind Med 1992;49:472-479.

Hnizdo E, Baskind E, Sluis-Cremer GK. Combined
effect of silica dust exposure and tobacco smoking on the
prevalence of respiratory impairments among gold min-
ers. Scand FWork Environ Health 1990;16:411-422.
Hnizdo E, Sluis-Cremer GK. Silica exposure, silicosis,
and lung cancer: a mortality study of South African gold
miners. Br ¥ Ind Med 1991;48:53—60.

Hnizdo E. Health risks among white South African gold-
miners—dust, smoking and chronic obstructive pulmo-
nary disease. S Afr Med ¥ 1992;81:512-517.

Oliver LC, Miracle-McMahill H. Airway disease in high-
way and tunnel construction workers exposed to silica.
Am ¥ Ind Med 2006;49:983-996.

Lamprecht B, Schirnhofer L, Kaiser B, Studnicka M,
Buist AS. Farming and the prevalence of non-reversible
airways obstruction: results from a population-based
study. Am ¥ Ind Med 2007;50:421-426.

Hnizdo E, Sullivan PA, Bang KM, Wagner G. Association
between chronic obstructive pulmonary disease and
employment by industry and occupation in the US pop-
ulation: a study of data from the Third National Health
and Nutrition Examination Survey. Am §F Epidemiol
2002;156:738-746.

HuY, Chen B,Yin Z, Jia L, Zhou, Jin T. Increased risk
of chronic obstructive pulmonary diseases in coke oven
workers: interaction between occupational exposure and
smoking. Thorax 2006;61:290—295.

Mastrangelo G, Tartari M, Fedeli U, Fadda E, Saia B.
Ascertaining the risk of chronic obstructive pulmonary
disease in relation to occupation using a case-control
design. Occup Med (Lond) 2003;53:165-172.

Blanc PD, Eisner MD, Trupin L, Yelin EH, Katz PP,
Balmes JR. The association between occupational
factors and adverse health outcomes in chronic
obstructive pulmonary disease. Occup Environ Med
2004;61:661-667.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Eduard W, Pearce N, Douwes ]J. Chronic bronchitis,
COPD, and lung function in farmers: the role of biologi-
cal agents. Chest 2009;136:716-725.

Hart JE, Laden F, Schenker MB, Garshick E. Chronic
obstructive pulmonary disease mortality in diesel-
exposed railroad workers. Environ Health Perspect
2006;114:1013-1017.

Korn R]J, Dockery DW, Speizer FE, Ware JH, Ferris
BG, Jr. Occupational exposures and chronic respiratory
symptoms. A population-based study. Am Rev Respir Dis
1987;136:298-304.

Mirabelli MC, London SJ, Charles LE, Pompeii LA,
Wagenknecht LE. Occupation and three-year incidence
of respiratory symptoms and lung function decline: the
ARIC Study. Respir Res 2012;13:24.

Cherry N, Harris J, McDonald C, Turner S, Taylor TN,
Cullinan P. Mortality in a cohort of Staffordshire pottery
workers: follow-up to December 2008. Occup Environ
Med 2013;70:149-155.

Leigh JP, Romano PS, Schenker MB, Kreiss K. Costs of
occupational COPD and asthma. Chest2002;121:264-272.
Hnizdo E. Combined effect of silica dust and tobacco
smoking on mortality from chronic obstructive lung dis-
ease in gold miners. Br ¥ Ind Med 1990;47:656—664.
Fairman RP, O’Brien R], Swecker S, Amandus HE,
Shoub EP. Respiratory status of surface coal miners in
the United States. Arch Environ Health 1977;32:211-215.
Cockcroft A, Seal RM, Wagner JC, Lyons JP, Ryder R,
Andersson N. Post-mortem study of emphysema in
coalworkers and non-coalworkers. Lancer 1982;2:600-603.
Ruckley VA, Gauld SJ, Chapman ]S er al. Emphysema
and dust exposure in a group of coal workers. Am Rev
Respir Dis 1984;129:528-532.

Christiani DC, Wang XR, Pan LD ez al. Longitudinal
changes in pulmonary function and respiratory symp-
toms in cotton textile workers. A 15-yr follow-up study.
Am F Respir Crit Care Med 2001;163:847-853.

Fishwick D, Fletcher AM, Pickering CA, McL Niven R,
Faragher EB. Lung function in Lancashire cotton and
man made fibre spinning mill operatives. Occup Environ
Med 1996;53:46-50.

Neghab M, Rahimi E, Emad A, Rajaeei Fard AR. An epi-
demiological study of talc-related respiratory morbidity
among employees of a rubber industry in Shiraz-Iran. Int
Arch Occup Environ Health 2007;80:539-546.

Pham QT, Benis AM, Mur JM, Sadoul P, Haluszka J.
Follow-up study of construction workers with obstruc-
tive lung disease. Scand J Respir Dis 1977;58:215-226.
White MC, Baker EL. Measurements of respiratory
illness among construction painters. Br § Ind Med
1988;45:523-531.

Boggia B, Farinaro E, Grieco L, Lucariello A, Carbone
U. Burden of smoking and occupational exposure on
etiology of chronic obstructive pulmonary disease
in workers of Southern Italy. ¥ Occup Environ Med
2008;50:366-370.

Sluis-Cremer GK, Walters LG, Sichel HS. Chronic
bronchitis in miners and non-miners: an epidemiologi-
cal survey of a community in the gold-mining area in the
Transvaal. Br ¥ Ind Med 1967;24:1-12.

Zuskin E, Mataija M, Pokrajac D, Schachter EN, Witek
TJ, Jr. Respiratory function in animal food processing
workers. Am ¥ Ind Med 1989;16:179-187.

GTOZ ‘8T A2\ UO Jawood Uy Aq /610°'sfeulnolp.io)xo pawodo//:dny wolj papeojumod


http://occmed.oxfordjournals.org/

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

D. FISHWICK ET AL.: COPD AND OCCUPATION: A STANDARD OF CARE 281

Zhou C, Liu ZL, Ho CS, Lou JZ. Respiratory symptoms
and lung function in jute processing workers: a primary
investigation. Arch Environ Health 1989;44:370-374.
Das PK, Jha N. Occupational exposure and pulmonary
function of jute mill workers in Sunsari, Nepal. Nepal
Med Coll § 2009;11:275-277.

Kiipper HU, Breitstadt R, Ulmer WT. Effects on the
lung function of exposure to carbon black dusts. Results
of a study carried out on 677 members of staff of the
DEGUSSA factory in Kalscheuren/Germany. Inr Arch
Occup Environ Health 1996;68:478-483.

Molyneux MK, Tombleson JB. An epidemiological study
of respiratory symptoms in Lancashire mills, 1963-66. Br
F Ind Med 1970;27:225-234.

Glindmeyer HW, Lefante JJ, Jones RN, Rando RJ, Abdel
Kader HM, Weill H. Exposure-related declines in the
lung function of cotton textile workers. Relationship
to current workplace standards. Am Rev Respir Dis
1991;144:675-683.

Kiriavd R, Hernberg S, Koskela RS, LLuoma K. Prevalence
of pneumoconiosis and chronic bronchitis in foundry
workers. Scand FWork Environ Health 1976;2:64-72.
Holman CD, Psaila-Savona P, Roberts M, McNulty JC.
Determinants of chronic bronchitis and lung dysfunc-
tion in Western Australian gold miners. Br ¥ Ind Med
1987;44:810-818.

Jordan RE, Cheng KK, Miller MR, Adab P. Passive
smoking and chronic obstructive pulmonary disease:
cross-sectional analysis of data from the Health Survey
for England. BM¥ Open 2011;1:e000153.

MayerAS, Stoller JK,Bucher Bartelson B,James Ruttenber
A, Sandhaus RA, Newman LS. Occupational exposure
risks in individuals with PI*Z alpha(1)-antitrypsin defi-
ciency. Am J Respir Crit Care Med 2000;162:553-558.
Boyd JE, Collings P, Crofton PM, Blundell G, Davis JM.
Alpha 1 antitrypsin and lung function in British coalmin-
ers. Br ¥ Ind Med 1984;41:455-458.

Stjernberg N, Beckman G, Beckman L, Nystrom L,
Rosenhall L. Alpha-1-antitrypsin types and pulmonary
disease among employees at a sulphite pulp factory in
northern Sweden. Hum Hered 1984;34:337-342.
Zuskin E, Mustajbegovic], Schachter EN ez al. Respiratory
function and immunological status in paper-recycling
workers. ¥ Occup Environ Med 1998;40:986-993.
Matheson MC, Benke G, Raven ] er al. Biological
dust exposure in the workplace is a risk factor for
chronic obstructive pulmonary disease. Thorax
2005;60:645-651.

Ahman M, Séderman E, Cynkier I, Kolmodin-Hedman
B. Work-related respiratory problems in industrial arts
teachers. Int Arch Occup Environ Health 1995;67:111-118.
Respiratory Protective Equipment at Work. A Practical
Guide.  www.hse.gov.uk/pubns/books/hsg53.htm (5
March 2014, date last accessed).

Virolainen R, Tupi K, Terho EO, Husman K, Notkola
V, Vohlonen I. Characteristics of farmers who have
obtained personal dust respirators. Eur ¥ Respir Dis Suppl
1987;152:199-205.

Erkinjuntti-Pekkanen R, Slater'T, Cheng S ez al. Two year
follow up of pulmonary function values among welders
in New Zealand. Occup Environ Med 1999;56:328-333.
Pern PO, Love RG, Wightman AJ], Soutar CA.
Characteristics of coalminers who have suffered excessive

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

loss of lung function over 10 years. Bull Eur Physiopathol
Respir 1984;20:487-493.

Hsairi M, Kauffmann F, Chavance M, Brochard P.
Personal factors related to the perception of occupational
exposure: an application of a job exposure matrix. Inr ¥
Epidemiol 1992;21:972-980.

Gjerde C, Ferguson K, Mutel C ez al. Results of an edu-
cational intervention to improve the health knowledge,
attitudes and self-reported behaviors of swine confine-
ment workers. ¥ Rural Health 1991;7:278-286.

Bailey PH, Montgomery P, Boyles CM. COPD sto-
ries of complex causal ‘truths’ ‘Sure I’ve smoked all my
life/but I also put in 37 years at the mine’. ¥ Clin Nurs
2009;18:1994-2002.

Fishwick D, Darby A, Hnizdo E ez al. COPD causation
and workplace exposures: an assessment of agreement
among expert clinical raters. COPD 2013;10:172-179.
Minette A. Questionnaire of the European Community
for Coal and Steel (ECSC) on respiratory symptoms.
1987—updating of the 1962 and 1967 questionnaires for
studying chronic bronchitis and emphysema. Eur Respir ¥
1989;2:165-177.

Burney PG, Luczynska C, Chinn S, Jarvis D. The
European Community Respiratory Health Survey. Eur
Respir ¥ 1994;7:954-960.

American Thoracic Society/European Respiratory
Society. General considerations for lung function test-
ing. Eur Respir ¥ 2005;26:153—161. http://www.thoracic.
org/statements/resources/pfet/PFT1.pdf (5 March 2014,
date last accessed).

Townsend MC; Occupational and Environmental Lung
Disorders Committee. Spirometry in the occupational
health setting—2011 update. ¥ Occup Environ Med
2011;53:569-584.

Eisen EA, Oliver LC, Christiani DC, Robins JM, Wegman
DH. Effects of spirometry standards in two occupational
cohorts. Am Rev Respir Dis 1985;132:120-124.

Hnizdo E, Sircar K, Yan T, Harber P, Fleming ],
Glindmeyer HW. Limits of longitudinal decline for the
interpretation of annual changes in FEV1 in individuals.
Occup Environ Med 2007;64:701-707.

Love RG, Miller BG. Longitudinal study of lung func-
tion in coal-miners. Thorax 1982;37:193-197.

Hnizdo E, Yan T, Hakobyan A ez al. Spirometry
Longitudinal Data Analysis software (SPIROLA) for
analysis of spirometry data in workplace prevention or
COPD treatment. Open Med Inform F 2010;4:94-102.
SPIROLA. Spirometry Longitudinal Data Analysis (SPIROLA)
Software. http://www.cdc.gov/niosh/topics/spirometry/spirola-
software.html (5 March 2014, date last accessed).
Department of Health & Human Services, Centers for
Disease Control, National Institute for Occupational
Safety and Health. HETA 2007-0033 Interim Report
March 29, 2007. www.cdc.gov/niosh/hhe/reports/
pdfs/2007-0033-letter.pdf (5 March 2014, date last
accessed).

Krzyzanowski M, Kauffmann F. The relation of respira-
tory symptoms and ventilatory function to moderate
occupational exposure in a general population. Results
from the French PAARC study of 16,000 adults. Inz ¥
Epidemiol 1988;17:397-406.

Kuempel ED, Wheeler MW, Smith RJ, Vallyathan
V, Green FH. Contributions of dust exposure and

GTOZ ‘8T A2\ UO Jawood Uy Aq /610°'sfeulnolp.io)xo pawodo//:dny wolj papeojumod


http://www.hse.gov.uk/pubns/books/hsg53.htm
http://www.thoracic.org/statements/resources/pfet/PFT1.pdf
http://www.thoracic.org/statements/resources/pfet/PFT1.pdf
http://www.cdc.gov/niosh/topics/spirometry/spirola-software.html
http://www.cdc.gov/niosh/topics/spirometry/spirola-software.html
http://www.cdc.gov/niosh/hhe/reports/pdfs/2007-0033-letter.pdf
http://www.cdc.gov/niosh/hhe/reports/pdfs/2007-0033-letter.pdf
http://occmed.oxfordjournals.org/

282 OCCUPATIONAL MEDICINE

107.

108.

109.

110.

111.

112.

cigarette smoking to emphysema severity in coal min-
ers in the United States. Am J Respir Crit Care Med
2009;180:257-264.

Christiani DC, Ye TT, Wegman DH, Eisen EA, Dai HL,
Lu PL. Cotton dust exposure, across-shift drop in FEV1,
and five-year change in lung function. Am ¥ Respir Crit
Care Med 1994;150:1250-1255.

Beeckman LA, Wang ML, Petsonk EL, Wagner GR.
Rapid declines in FEV1 and subsequent respira-
tory symptoms, illnesses, and mortality in coal min-
ers in the United States. Am J Respir Crit Care Med
2001;163:633-639.

Post WK, Burdorf A, Bruggeling TG. Relations between
respiratory symptoms and sickness among work-
ers in the animal feed industry. Occup Environ Med
1994;51:440-446.

Johnson NE, Browning SR, Westneat SM, Prince TS,
Dignan MB. Respiratory symptom reporting error in
occupational surveillance of older farmers. ¥ Occup
Environ Med 2009;51:472-479.

Meijer E, Grobbee DE, Heederik DJ. Health surveillance
for occupational chronic obstructive pulmonary disease.
F Occup Environ Med 2001;43:444-450.

Orbon KH, Schermer TR, van der Gulden JW ez al
Employment status and quality of life in patients with
chronic obstructive pulmonary disease. Int Arch Occup
Enwviron Health 2005;78:467-474.

113.

114.

115.

116.

117.

118.

119.

120.

Beck GJ, Schachter EN, Maunder LR, Schilling RS. A
prospective study of chronic lung disease in cotton textile
workers. Ann Intern Med 1982;97:645-651.

Wagena EJ, Kant I, van Amelsvoort LG, Wouters EF,
van Schayck CP, Swaen GM. Risk of depression and
anxiety in employees with chronic bronchitis: the
modifying effect of cigarette smoking. Psychosom Med
2004;66:729-734.

Eisner MD,Yelin EH, Trupin L, Blanc PD. The influence
of chronic respiratory conditions on health status and
work disability. Am F Public Health 2002;92:1506-1513.
Hurley JF, Soutar CA. Can exposure to coalmine dust
cause a severe impairment of lung function? Br ¥ Ind Med
1986;43:150-157.

Rodriguez E, Ferrer J, Marti S, Zock JP, Plana E, Morell
F. Impact of occupational exposure on severity of COPD.
Chest 2008;134:1237-1243.

Chan SC. Chronic obstructive pulmonary disease
and engagement in occupation. Am F Occup Ther
2004;58:408-415.

The European Agency for Safety and Health at Work.
E-Fact Sheets. http://osha.europa.eu/en/publications/e-
facts/ (5 March 2014, date last accessed).

Health Monitoring for Chronic obstructive Pulmonary
Disease. G401. http://www.hse.gov.uk/aboutus/meet-
ings/iacs/acts/301106 /acts252006annex4.pdf (5 March
2014, date last accessed).

Discover a wealth of knowledge

Oxford Journals Archive

- uncover backfiles of content dating from 1849

- instant access to 146 years of research

. seamless access from Volume 1, Issue 1

- access by IP range, Athens or Shibboleth

- COUNTER-compliant usage statistics

www.oxfordjournals.org

OXFORD

UNIVERSITY PRESS

GTOZ ‘8T A2\ UO Jawood Uy Aq /610°'sfeulnolp.io)xo pawodo//:dny wolj papeojumod


http://osha.europa.eu/en/publications/e-facts/
http://osha.europa.eu/en/publications/e-facts/
http://www.hse.gov.uk/aboutus/meetings/iacs/acts/301106 /acts252006annex4.pdf
http://www.hse.gov.uk/aboutus/meetings/iacs/acts/301106 /acts252006annex4.pdf
http://occmed.oxfordjournals.org/

