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ABSTRACT
Studies on exposure to respirable quartz dust at the
workplace and the development of chronic obstructive
pulmonary disease (COPD) were selected into a
systematic review and meta-analysed to obtain an overall
estimate of forced expiratory volume in 1 s (FEV1) and
FEV1/forced vital capacity (FVC) reduction. PubMed and
Embase were searched from 1970 to 2010. In total, 257
cross-sectional and longitudinal studies were identified
that reported on inorganic dust exposure and had
available lung function data. Of the 55 publications
which met our inclusion criteria, 11 reported on
associations with occupational exposure to respirable
quartz dust. The combined average effect estimate of
respirable quartz dust on spirometric parameters was
obtained using a random effects model meta-analysis.
Between-study heterogeneity was assessed via the I2

statistic. Most studies found a significant negative
association of FEV1 and FEV1/FVC related to increasing
exposure to crystalline quartz at the workplace. One
study found an effect only for smokers, and one did not
observe such an effect at all. The meta-analysis of
cross-sectional studies showed that the mean ratio FEV1
to FVC was reduced and FEV1 of workers exposed to
respirable quartz dust was 4.6% less than predicted
compared with workers with no/low exposure. Both
results showed a statistically significant difference.
Occupational exposure to respirable quartz dust was
associated with a statistically significant decrease in FEV1
and FEV1/FVC, revealing airway obstruction consistent
with COPD.

BACKGROUND
Chronic obstructive pulmonary disease (COPD) is a
common disease. Although smoking is a known
risk factor for COPD, several other risk factors are
believed to substantially contribute to the burden
of this disease. Community-based studies from
China,1 France,2 Italy,3 4 New Zealand,5 Norway,6

Spain7 8 and the USA9–13 have reported that occu-
pational exposure to vapour, dusts, gases and fumes
increases the risk of airway obstruction consistent
with COPD. The population-attributable risk of
COPD from occupational exposure is estimated to
be between 15% and 20%.14

Recently, we conducted a systematic review and
meta-analysis to quantitatively evaluate the associ-
ation between occupational exposure to poorly
soluble low-toxicity particles, also referred to as
biopersistent granular (bg) dust,15 and the develop-
ment of COPD.16 Based on data from cross-
sectional studies, we found that the mean forced
expiratory volume in 1 s (FEV1) of workers
exposed to bg dust was 160 mL lower or 5.7% less

than predicted compared with that of workers with
no/low exposure. The risk of airway obstruction,
defined as FEV1/forced vital capacity (FVC) <70%,
increased by 7% per 1 mg/m3 cumulative bg dust
exposure. In the longitudinal analysis, there was a
consistent decline of FEV1 by 1.6 mL (95% CI
1.24 to 1.93 mL) per 1 mg/m3 years bg dust.
The inhalation of respirable quartz dust may be

even more detrimental to health than the inhalation
of bg dust. Particles deposited in the alveolar space
get phagocytosed and removed from the lung tissue
to the lymph system. If the phagocytosed particles
contain crystalline quartz, macrophage death will
occur leading to the promotion of inflammatory
cell egress and connective tissue growth finally
resulting in silicosis. However, the correlation
between signs of silicosis in chest X-rays and the
impairment of lung function is only weak.17 In a
highly exposed study population of South African
gold miners, most (68%) participants developed
signs of chronic airway obstruction but only a few
(1.4%) showed signs of silicosis.18 19

This study aimed at a quantitative approach to
evaluate the extent of obstructive lung function
impairment induced by respirable quartz dust at the
workplace.

MATERIALS AND METHODS
Following the PICOS criteria, the Participants,
Intervention, Comparison, Outcome, and Study
Design were defined a priori.20 21 As part of our
initial search, all epidemiological studies (cohort,
case-control and cross-sectional) written in English
or German that examined respirable quartz dust at
the workplace (and included exposure level mea-
surements) in relation to spirometric measurements
of lung function were identified.
Studies had to be published in PubMed applying

Medline (Medical Literature Analysis and Retrieval
System Online) or in Embase (Excerpta Medica
Database) between 1970 and 2010. A non-
systematic search for grey literature, abstracts and so
on yielded no additional studies with data that could
be used in the meta-analysis. The following MeSH
terms were used: ‘occupational exposure’ OR ‘air
pollutants, occupational’ AND ‘pulmonary disease,
chronic obstructive’ supplemented by the text fields
‘respiratory function tests’ OR ‘respiratory function’
OR ‘lung function’ OR ‘pulmonary function’. The
results of the search are available online (http://
www.ncbi.nlm.nih.gov/sites/myncbi/collections/public/
1ZWv6xXSbB7btnaSyJhbNPU5E/). Eligible articles
were reviewed by two investigators (IB, KH), and
both independently extracted the following infor-
mation: first author and year of publication; study
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region and industry; study type; time and duration of the study
or duration of the follow-up in cohort studies; number of
exposed/unexposed subjects or cases and controls; sex and age
distribution of the study population; response rate; exposure
assessment (interview, job-exposure matrix ( JEM), type of dust
measurement and average exposure to inhalable or respirable
dust); and outcome assessment (symptoms/physician diagnosis,
spirometry and applied procedure for lung function measure-
ments). Based on a common protocol, both reviewers (IB, KH)
assessed the validity of the study; a third reviewer (DN) was used
in cases of discrepancies between the opinions of the main two
reviewers. The inclusion criteria for the systematic review and
meta-analysis were the following: (1) transparent procedure for
the selection of study participants, no indication of selection
bias; (2) response rate >70% and <100%: studies which pro-
vided no response rate, or which had a response rate of 100%
likely attributable to a post hoc definition of the study popula-
tion, were excluded; (3) internal comparison with no/low
exposed controls from the same company, or controls from a dif-
ferent company with no exposure; (4) individual present or
cumulative exposure preferably based on dust measurements
( JEM was considered acceptable; company or questionnaire
information was accepted only if the duration of exposure was
also provided); (5) COPD diagnosis according to the GOLD cri-
teria (FEV1 <70%) or physician-diagnosed COPD, or obstructive
signs in spirometry (questionnaire-derived symptom reports were
considered insufficient); and (6) standardised pulmonary func-
tion test according to the ATS/ERS criteria at the time of the
study.22–24

STATISTICAL ANALYSIS
We conducted a random effects meta-analysis and obtained an
estimate of the average exposure effect across studies, as we
assumed that the true effect of respirable quartz dust on health
may differ by study. Between-study heterogeneity was assessed
using the I2 statistic and results are presented as part of the
forest plots. According to the Cochrane handbook for systematic
reviews of interventions (available from: http://www.
cochrane-handbook.org), I2 values of up to 40% might be inter-
preted as unimportant, 30% –60% as moderate, 50%–90% as
substantial and 75%–100% as considerable heterogeneity.
Publication bias was investigated by visual inspection of funnel
plots. The results of the meta-analysis on lung function para-
meters assessed from cross-sectional and longitudinal analyses
are presented in forest plots. The influence of individual studies
was assessed by examining the results after excluding apparently
influential studies from the meta-analysis.

Our primary outcomes were a reduced FEV1 and FEV1/FVC,
which are the most important signs of airway obstruction. These
parameters were measured in most studies. We defined these
outcomes as the difference between the mean of FEV1 and
FEV1/FVC among exposed study participants versus not/low
exposed participants. Most studies used an internal comparison
group of low exposed workers; a few had an external not
exposed group of referents. Across studies, FEV1 was measured
in either litres or % predicted. FEV1% predicted is defined as
the FEV1 of the patient divided by the average FEV1 in the
population for any person of similar age, height, sex and ethni-
city. To combine both units (litres) and (% predicted), we calcu-
lated the standardised mean difference (SMD), which is the
difference of the mean FEV1 of exposed and low/not exposed
study participants divided by the common SD. This measure is
dimensionless. The FEV1 to FVC ratio was also calculated dif-
ferently across studies; either as a ratio in litre or in %

predicted, or as a ratio of two predicted values. In the
meta-analysis, the SMD of the ratio was the only common esti-
mate of FEV1/FVC used. Studies either adjusted for or stratified
by smoking status. In the latter case, the results for smokers and
non-smokers were maintained separately upon inclusion into
the meta-analysis.

A systematic exclusion of each study in turn to assess its influ-
ence was done by using the metafor package in R and the sug-
gested cut-offs.25

RESULTS
In total, 2012 publications were identified in PubMed and 3604
publications in Embase. After excluding duplicates, 3792 publi-
cations were deemed eligible. The title and abstract of all eligible
papers were screened by two investigators (IB, DN). For details
of the selection process see figure 1.

In all, 257 publications were eligible and reviewed with data
abstraction. A total of 246 publications did not fulfil the inclu-
sion criteria for the systematic review and meta-analysis. Ten
publications17 26–34 investigated the effects of occupational
exposure to dust containing crystalline quartz and presented
quantitative data on dust and lung function measurements.
These studies are described in the review below.

REVIEW OF THE 10 STUDIES CONSIDERED FOR
META-ANALYSIS GROUPED ACCORDING TO INDUSTRY
Granite quarry workers were investigated in Vermont, USA,31

Sweden17 and Spain32 with inconsistent results. A cohort study
from Vermont, USA,31 consisted of 1216 men actively employed
in the granite sheds. Yearly spirometries were carried out. In
1974, 668 subjects of the original group35 had been studied for
4 years. Compared with the age-related decline in pulmonary

Figure 1 Flow diagram for inclusion and exclusion of studies
(according to PRISMA).
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function parameters of healthy subjects taken from the literature
the mean yearly decrement of granite workers was judged as
excessive: 50–70 mL loss of FEV1 (70–80 mL loss of FVC,
respectively). Decrements were higher for study participants in
the high exposure (≥0.5 mg/m3) respirable dust category com-
pared with those in the low (<0.5 mg/m3) category both with
about 10% of crystalline quartz. An effect of smoking was
apparent in the data, but the level of FVC found in the cohort
of non-smoking workers was below the predicted level for non-
smoking not exposed subjects. The authors concluded that the
excessive overall decline in FEV1 and FVC at two to three times
the normal rate was due to occupation. These results were later
put into question by a re-evaluation of the longitudinal pulmon-
ary function data in the same industrial setting over an 8-year
period from 1979 to 1987.27 Estimates of longitudinal loss
were based on 711 workers with a mean age of 43 years and a
mean duration of employment of 19 years. Workers participated
at least in three of the surveys. The mean respirable dust con-
centration at the workplace was 0.6 mg/m3 with a content of
about 10% quartz. The average annual loss was 18 mL for FVC
and 30 mL for FEV1. After adjusting for age, height and
smoking status, the losses of both FVC and FEV1 were not cor-
related with years employed in the granite industry. One explan-
ation for this discrepancy could be that FVC in the original
study by Musk et al31 was not measured accurately because of
short expiratory times36 resulting in an underestimation of the
true FVC. On the other hand Eisen et al37 could show that the
study by Graham et al27 was hampered by selection bias due to
subjects lost to follow-up (dropouts). Whereas the 353 survivors
included in the study were losing FEV1 at an average rate of
44 mL/year, the 265 ‘dropouts’ were losing FEV1 at an average
rate of 69 mL/year and were closer to the original study
results.31 The dose–response parameter in this group was esti-
mated to be 4 mL/year loss per mg/m3-year and was statistically
significant. Both studies were not part of the meta-analysis, as
spirometric parameters FEV1 and FVC were not adjusted for
covariates (eg, height, age).

In all, 45 granite crushers from Sweden and the same number
of age and smoking matched control subjects could be examined
by lung function tests twice in 1976 and 1988.17 In 1988, the
granite crushers had on average worked for 22 years and
inhaled a cumulated amount of 136 mg of dust with 7 mg of
silica in the respirable fraction. Over the 12 years, the changes
in lung function were moderate but consistent with an average
reduction of FEV1 3.2% greater among the exposed group com-
pared with the referent group (p<0.01). Five granite crushers
and none of the referents had an FEV1 less than 80% of pre-
dicted and the granite crushers reported more often symptoms
of dyspnoea and wheeze than the referents. The change in lung
function did not correlate significantly with the inhaled dose of
respirable quartz in the granite crushers or with age or different
smoking habits.

A cross-sectional study from Spain in 2004/2005 also investi-
gated dust exposure and its effect on lung function in granite
workers.32 Overall, 490 active workers employed at least 1 year
in their job were invited to participate. A total of 440 men took
part with a mean age of 37 and on average 13 years of exposure.
The respirable quartz dust fraction was 0.32 mg/m3, higher for
drillers 0.41 mg/m3 and lower manual labourers 0.27 mg/m3.
Cumulative exposure (mg/m3·years) was estimated with a JEM.
In all, 77 workers (17.5%) had silicosis. Acceptable spirometries
were available for 438 workers. The results of the linear regres-
sion analysis show a significant negative relation of % predicted
FEV1 with age, cumulative respirable quartz dust exposure and

silicosis, controlling for pack-years. The study could not be
included in the meta-analysis as present silicosis was part of the
linear regression model. Adjusting for silicosis implies taking in
part away the effect of highly exposed workers.

Exposure to diatomaceous earth with low crystalline quartz
dust content is rarely reported to cause pneumoconiotic disease,
whereas an association with airflow decrements is well estab-
lished.38 A cross-sectional study from the Netherlands29 investi-
gated the respiratory health of 175 male potato sorters from
five plants. Mean respirable dust exposure was 2.21 mg/m3 and
the mean respirable quartz dust exposure was 0.27 mg/m3

exceeding the Dutch standard of 0.15 mg/m3. The effect of
exposure on lung function was analysed by multiple regression
analysis after adjustment for age, height and smoking. Only
FEV1 differed significantly between currently exposed workers
and controls. The decrease in FEV1 was found to be 124 mL
after 11.8 years of employment.

Another cross-sectional study from the Netherlands30 exam-
ined the ventilatory effects of exposure to low levels of concrete
dust containing respirable quartz dust. The study population
consisted of 144 male concrete workers and a control group of
110 male workers of an office equipment-producing factory. In
total, 96 personal respirable dust samples were taken. The
overall respirable dust concentration was 0.77 mg/m3 and the
average respirable quartz dust concentration was 0.059 mg/m3.
Workers exposed to respirable quartz dust showed a statistically
significant lower FEV1 to FVC ratio below the 5% percentile of
the reference population.

Hertzberg et al28 evaluated cross-sectionally and longitudin-
ally pulmonary function tests in a cohort of employees of a
Midwest automotive foundry in the USA. The cohort consisted
of current as well as former 1072 workers employed before
1986. There were 1028 individuals without evidence of paren-
chymal changes from exposure to asbestos or respirable quartz
dust. Spirometric data were available for 815 individuals who
were either white or African-Americans. In all, 696 (523) indivi-
duals had one or more tests for which two or more efforts were
adjudged to be acceptable and reproducible for FEV1 (FVC) and
who had smoking status and exposure level known. Analysis of
spirometric data showed decreasing % predicted FVC and FEV1

and decreasing FEV1/FVC in relationship to increasing respir-
able quartz dust exposure only among smokers. Logistic regres-
sion analyses of abnormal FVC and abnormal FEV1 values
(where abnormal is defined as <95% confidence limit of pre-
dicted) showed ORs of 1.49 and 1.68, respectively, for occur-
rence of abnormal result with 40 years of exposure at a
respirable quartz level of 0.1 mg/m3. Longitudinal data analysis
of FEV1 results over time (among the 242 individuals with five
or more acceptable FEV1 results) showed a 1.1 mL/year decline
in FEV1 for each milligram per cubic metre of mean respirable
quartz dust exposure (p=0.001), after adjusting for ethnicity
and pack-years smoked. Similar analyses revealed a 1.6 mL
decline/year in FVC for each milligram per cubic metre of mean
silica exposure (p=0.0108).

Tunnelling as a part of construction work is associated with
heavy exposure to gases and particles, quartz, oil mist and nitro-
gen dioxide (NO2), notably as only tunnels longer than 200 m
are usually mechanically ventilated during excavation. To assess
the occurrence of respiratory symptoms and airflow limitation
in tunnel workers due to these exposures was the aim of the
National Institute of Occupational Health, Oslo, Norway, in
three investigations by Ulvestad et al33 34 and by Bakke et al.26

In 1991, all tunnel and other heavy construction workers
(n=417), employed at 15 work sites were invited to participate
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in a cross-sectional study.33 The medical tests were carried out
at the work sites and the health service team returned to the
sites several times until the attendance rate was 100%. The
study group consisted of 212 male tunnel workers (tunnel face
workers, shotcreters and concrete workers). This group was
compared with a reference group comprising 90 white-collar
construction employees and 205 heavy construction workers
(carpenters and iron fixers) without former experience in tun-
nelling. Factors such as age, height, working hours and smoking
habits were very similar between the groups. The tunnel
workers had a higher geometric mean exposure to total dust
and respirable dust than the reference subjects. They were also
exposed to significantly higher levels of quartz, oil mist and
NO2. Exposure to particles in the tunnels showed high variabil-
ity. The highest 8 h weighted averages (8 h TWA) were: total
dust 55.9 mg/m3, respirable dust 9.3 mg/m3, quartz 1.98 mg/m3

and oil mist 4.4 mg/m3. FVC (% predicted) and FEV1 (% pre-
dicted) in the tunnel workers decreased significantly with years
employed in the same job compared with other heavy construc-
tion workers. FEV1 decreased by 17 mL for each year of expos-
ure to tunnel work (p=0.001) compared with 0.5 mL for each
year of exposure in outdoor construction workers, and by 9 mL
for each pack-year of cigarette consumption in tunnel workers
(p=0.001) compared with 7 mL in outdoor heavy construction
workers (p=0.08). The prevalence of COPD was 14% in the
tunnel workers and 8% in the reference subjects (p=0.03).

The original cohort was re-examined 8 years later, in 1999.34

Overall, 345 subjects (83%) participated in the follow-up: 96
tunnel workers, a reference group of 178 heavy construction
workers and 71 white-collar employees. As neither tunnelling
technology nor outdoor concrete construction technology had
changed substantially since 1980, the concentrations measured
during the years 1996–1999 were considered to be representa-
tive for exposure during the study period 1991–1999. The
mean exposure of each agent in each job group was assigned to
each worker within that group to estimate cumulative exposure.
The exposure for the white-collar employees was estimated to
be 1/10 of the 8 h time weighted averages measured in the dril-
lers. The cumulative exposure figures were individually adjusted
for sick leave and other longer periods of absence. Mean expo-
sures were multiplied by the actual numbers of years (months)
that each subject had worked within the 8-year study period.
During the 8-year follow-up period, after adjustment for age
and current smoking, the decrease in FEV1 was associated with
cumulative exposure to respirable dust (p<0.001) and quartz
(p=0.02). The regression model predicts that in a worker
40 years of age, the annual decline in FEV1 in a non-exposed
non-smoker would be 25 mL, in a non-exposed smoker 35 mL,
in a non-smoking driller 50 mL and in a non-smoking shotcreter
63 mL, while reduction in FVC was not related to cumulative
exposure. It was difficult to distinguish between the various tun-
nelling pollutants and the detrimental effects on the airways as
cumulative exposure to total dust, respirable dust, quartz, NO2

and oil mist were highly correlated.
In an extension of the above described cross-sectional and

longitudinal study by Ulvestad et al, another study from these
authors26 was performed with the objective to confirm the find-
ings of a relationship between cumulative exposure to respirable
dust/quartz dust and lung function changes in other tunnel
workers and also to investigate whether exposures other than
respirable dust and a-quartz were associated with lung function
changes. A total of 651 male construction workers (drill and
blast workers, tunnel concrete workers, shotcreting operators,
and tunnel boring machine workers) were followed up by

spirometric measurements in 1989–2002 for an average of
6 years. Outdoor concrete workers, foremen and engineers
served as a low exposed referent population. The total number
of spirometric measurements was 1995, which were performed
on 651 workers. Of these, 428 workers had more than two
measurements (1549 observations). The mean follow-up time
between the first and the last check-up was 6.0 years with on
average three spirometries. Of the 651 workers, 191 were
workers already investigated in the study by Ulvestad et al.33

The annual decrease in FEV1 in low exposed non-smoking
workers was 21 and 24 mL in low exposed ever smokers. The
annual decrease in FEV1 in tunnel construction workers was
20–31 mL higher than in the low exposed workers depending
on job group for both non-smokers and ever smokers. After
adjustment for age and observation time, cumulative exposure
to NO2 showed the strongest association with a decrease in
FEV1 in both non-smokers and ever smokers. The authors con-
cluded that despite this finding of the association between lung
function decrease with NO2 exposure, respirable dust and
quartz may also contribute to the observed effects, as the expos-
ure levels of these agents were moderately correlated to NO2.

Meta-analysis of six studies
Not all studies that were selected for the systematic review
could also be integrated into the meta-analysis. Studies not
adjusting for covariates,27 31 including silicotic workers32 or
with overlapping populations,33 were not selected for the
meta-analysis, which finally consisted of six studies17 26 28–30 34

described in brief in table 1.
In the cross-sectional analysis, we combined studies with end-

points measured in the same units. Comparing the mean FEV1

in % predicted from cross-sectional analyses, it was −4.62%
(95% CI −2.06 to −7.18%) lower for workers exposed to silica
containing dust (see figure 2) than for no/low exposed workers.
Taking the SMD between exposed and no/low exposed workers
we also observed a statistically significant reduction of FEV1 (see
figure 3). Different studies applied different methods to obtain
the ratio FEV1 to FVC. Only the SMD of the ratio could be
used as a common estimate of FEV1/FVC for meta-analysis. The
mean difference of the ratio FEV1 to FVC between study parti-
cipants exposed to silica containing dust at the work place and
low/no exposed participants was significantly decreased (−0.41
(95% CI −0.28 to −0.54); see figure 4).

Three publications reported on the mean longitudinal decline
of FEV1 per year, which was 50–70 mL in the Vermont granite
workers,31 33 mL in the reanalysis by Graham et al,27 and
66 mL in smokers and 16 mL in non-smokers tunnel workers.26

The last two publications compared this decline with low/non-
exposed workers and found a mean difference in FEV1 of
minus 12 mL in the exposed workers.

DISCUSSION
The meta-analysis revealed a moderate heterogeneity (I2 19%
and 41%) between the studies, which had to be expected con-
sidering the variant exposure conditions at the workplace in dif-
ferent countries from Europe and abroad over such a long time
span. The visual inspection of funnel plots (see online
supplementary figures S1–3) was not suggestive of publication
bias. When calculating Egger’s test statistics, the meta-analysis
including most studies (figure 3: SMD FEV1 (%predicted or l))
indicated no significant publication bias.

Only for the SMD of the ratio FEV1 to FVC (see figure 4) we
found a study30 that was influential on the main result of the
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meta-analysis. Excluding this study from the meta-analysis
increased the loss of FEV1/FVC (SMD −0.46 (−0.61; −0.31)).

Arithmetic or geometric means of exposure levels grouped by
industry are presented in table 1. Eight17 26 29–34 out of 10
studies reviewed found a significant negative association of
FEV1 and FEV1/FVC related to increasing exposure to crystal-
line quartz at the workplace. One study found an effect only for
smokers,28 and one27 did not observe such an effect at all. The
meta-analysis of cross-sectional studies showed that the mean
FEV1 of workers exposed to silica containing dust was 4.6%
less than predicted compared with workers with no/low expos-
ure, which was a statistically significant difference.

If the inhalation of respirable quartz dust causes COPD, the
exposure should be associated with an accelerated decline in
lung function, which will be detected in a longitudinal study
design with repeated spirometries in study participants during a
period of several years.39 A study among foundry workers from
USA28 presented the decrease of FEV1 per milligram per cubic
metre respirable quartz dust at the workplace and found a loss
of 1.1 mL per mg/m3, which is very similar to the decrease of
1.6 mL (95% CI 1.24 to 1.93 mL) per 1 mg/m3 years we found
in a meta-analysis of occupational exposure to bg dust.16 Other
studies did not estimate the effect according to the cumulative
measure (milligram per cubic metre-year) or per milligram per
cubic metre respirable quartz dust concentration at the work-
place, but presented their results as annual loss in FEV1. As
exposure levels varied between studies, a direct comparison of
the annual decline in FEV1 is somewhat arbitrary. Even so, the
annual decline of FEV1 among Vermont granite workers

amounted to 30 mL27 and 50–70 mL,31 and 50–63 mL among
Norwegian tunnel workers.33

There are occupational risk factors other than silica, such as
vapours, gas and fumes, which can cause airway obstruction. In
the meta-analysis, the studies from Norway26 33 34 observed
that exposure to gases from diesel exhaust, NO2 and blasting
contributed to an accelerated decline of FEV1. Nevertheless, the
authors concluded that it was the cumulative exposure to respir-
able dust and α quartz which was the most important risk factor
for airflow limitation in underground heavy construction
workers.33 None of the other studies, which were performed in
quarry mines, a foundry and a cement production plant, as well
as among potato sorters, considered exposure to gases and
fumes as potential confounders.

Whereas the development of silicosis takes some time before
it becomes symptomatic, this seems not to be the case for signs
of airway obstruction. At least, none of the studies included in
the meta-analysis considered a latency period before performing
spirometric measurements. Some studies were ethnically not
homogeneous. But as FEV1% predicted is defined as the FEV1

of the patient divided by the average FEV1 in the population for
any person of similar age, height, sex and ethnicity, this poten-
tial effect modifier was implicitly adjusted for.

The observed limitation of pulmonary function in workers
exposed to respirable quartz dust might be an underestimation
of the true effect, since both cross-sectional and longitudinal
studies in the workforce are often limited to a ‘survivor’ popula-
tion because of the inability to monitor workers who leave their
jobs. Only one study28 was able to also include retirees in their

Table 1 Studies selected for meta-analysis on silica containing dust and airway obstruction by first author

First author/year of
publication Country Design

Mean duration of
employment (years)

Exposed

Exposure level (mg/m3)Yes
No/low
exposed

Malmberg et al (1993)17 Sweden Longitudinal; follow-up
12 years

21.7 45 45 Granite quarry; 1976–1988 AM concentration
of respirable quartz 0.16

Jorna et al (1994)29 Netherlands Cross-sectional and
longitudinal

Not mentioned 72 55 Potato sorters; GM concentration of respirable
quartz 0.13

Meijer et al (2001)30 Netherlands Cross-sectional 11.3 144 110 Cement factory; AM concentration of respirable
quartz 0.06

Ulvestad et al (2000)34 Norway Cross-sectional 13 212 205 Tunnel workers; GM concentration of respirable
quartz 0.034

Bakke et al (2004)26 Norway Longitudinal extension of
Ulvestad et al (2001)33

Not mentioned 69 220 Tunnel workers; AM concentration of
cumulative respirable quartz 0.010–3.6
according to job

Hertzberg et al (2002)28 USA Cross-sectional 18.3 (19.9 for retirees) 74 121 Foundry; Cumulative exposure ( JEM) in five
categories

AM, arithmetic mean; GM, geometric mean; JEM, job-exposure matrix.

Figure 2 Mean difference (MD) of
FEV1 (% predicted) between study
participants exposed to silica
containing dust at the workplace and
no/low exposed participants.
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study population. As the loss of FEV1 per year is typically small,
it tends to be hidden by measurement variability and will
become obvious only in longer follow-up periods. Whereas
Wang and Petsonk40 consider a decrease of FEV1 >8% or
330 mL per year at the workplace as probably pathological,
other authors (Hnizdo et al,41 Hnizdo et al42) have suggested a
method with higher sensitivity to estimate the ‘longitudinal
limits of normal decline’. According to the authors, a decrease
of more than 60 mL per year should be suggestive of an increas-
ing airway obstruction.

Aiming at a quantitative assessment of the association between
occupational exposures to crystalline quartz containing dust at the
workplace and the development of obstructive findings in spirom-
etry, the requirements for a study to be included in the
meta-analysis were very specific and led to a remarkable drop
between studies identified in the literature search (eligible n=256)
and those finally included in the review (n=10) and meta-analysis
(n=6). Therefore, the studies included in the meta-analysis cannot
claim to be representative of all studies on the subject, but only
for those with quantitative data on crystalline quartz containing
dust exposure at the workplace and lung function measurements.
More general reviews have already been published.43–47

At present, COPD as a compensable occupational disease is
included in two international lists of occupational diseases, one
proposed by the International Labour Organization48 and the
other established by the European Commission.49 Both are only
recommendatory in character; most EU-member states have
their own lists, which are comparable just in some parts.50

In summary, this meta-analysis showed consistently a decline
of FEV1 and FEV1/FVC related to cumulative respirable quartz
dust exposure at the workplace.
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