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Abstract

independently of the radiological findings.

smokers included in the studies.

Background: A continuing controversy exists about whether, asbestos exposure is associated with significant lung
function impairments when major radiological abnormalities are lacking. We conducted a systematic review and
meta-analysis in order to assess whether asbestos exposure is related to impairment of lung function parameters

Methods: MEDLINE was searched from its inception up to April 2010. We included studies that assessed lung
function parameters in asbestos exposed workers and stratified subjects according to radiological findings.
Estimates of VC, FEV; and FEV1/VC with their dispersion measures were extracted and pooled.

Results: Our meta-analysis with data from 9,921 workers exposed to asbestos demonstrates a statistically significant
reduction in VC, FEV; and FEV;/VC, even in those workers without radiological changes. Less severe lung function
impairments are detected if the diagnoses are based on (high resolution) computed tomography rather than the
less sensitive X-ray images. The degree of lung function impairment was partly related to the proportion of

Conclusions: Asbestos exposure is related to restrictive and obstructive lung function impairment. Even in the
absence of radiological evidence of parenchymal or pleural diseases there is a trend for functional impairment.

Keywords: Asbestos, lung function, chest X-ray, computed tomography, meta-analysis

Introduction

Asbestos fibres are one of the most pervasive environ-
mental hazards because of their worldwide use in the
last 100 years as a cheap and effective thermal, sound
and electrical insulation material, especially in the con-
struction, shipping and textile industries. The general
public is also exposed to asbestos, mainly from dete-
rioration and reconstruction or destruction of asbestos
contaminated buildings, worn vehicle brake linings and
from the deterioration of asbestos-containing products.
In spite of outright bans or restrictions in nearly all
industrialised countries nowadays, approximately 125
million workers are occupationally exposed to asbestos
worldwide [1] and it is estimated that at least 100,000
die annually from complications of asbestos exposure
[2]. In addition to mesothelioma, lung and laryngeal
cancer, asbestos has long been known to cause non-
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malignant pleural fibrosis, (i.e. circumscript pleural pla-
ques (PP), or diffuse pleural thickening (DPT)), pleural
effusions, rounded atelectasis and lung fibrosis (asbesto-
sis). Since inhalation of high doses of asbestos fibres
may lead to a variety of functional impairments, the
monitoring of workers who have been exposed to asbes-
tos, particularly of their lung function, has gained in
importance over the years. The identification of func-
tional abnormalities is also relevant for compensation
issues. While compromised lung function in pronounced
disease is widely accepted, controversies still remain
about a possible relationship between earlier or milder
non-malignant asbestos-induced pleural or parenchymal
fibrosis and reduced lung function measurements [3-11].
The American Thoracic Society and the American Col-
lege of Chest Physicians [12,13], in particular, have
lamented the lack of definitive knowledge in the preva-
lence and clinical relevance of asbestos-induced obstruc-
tive airway diseases and have determined to make this a
priority for investigation and elucidation.

© 2011 Wilken et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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We have conducted a systematic review and a meta-
analysis of the literature with the aim of identifying and
quantifying alterations of lung function parameters in
subjects occupationally exposed to asbestos. The leading
question was whether occupational exposure to asbestos
leads to impairments of lung function independently
from the non-malignant radiological findings (i.e. nor-
mal chest radiograph (X-ray) or (high resolution) com-
puted tomography (HR)CT, pleural plaques and diffuse
pleural thickening or asbestosis).

Materials and methods

Selection criteria

We included publications that assessed lung function
parameters and radiological imaging (chest X-Ray or
(HR)CT) in persons with occupational exposure to
asbestos. Only studies that applied an internationally
accepted quality standard for lung function testing (i.e.
ATS standard, ERS standard) and that provided infor-
mation about the corresponding reference values or
used reference group were considered. We included
only studies reporting lung function parameters
expressed as percent-predicted with a corresponding
dispersion measure (i.e. standard deviation, standard
error or confidence interval) and assigned them to one
of the following radiological categories:

A. “Normal imaging”, i.e. absence of pleural or lung
parenchymal abnormalities.

B. “Pleural fibrosis”, i.e. presence of pleural plaques
and/or diffuse pleural thickening.

C. “Asbestosis”, i.e. parenchymal fibrosis with or
without pleural fibrosis.

To be included, studies had to provide data on the
proportion of smokers among participants or on the
dose (pack-years).

In a few potentially relevant studies the authors failed to
report all information listed above (e.g. reference values,
quality standards, dispersion measures), thus we tried to
contact the authors in order to collect the missing data.
Only three authors sent additional information that enabled
us to include their publication in the meta-analysis.

Search strategy
MEDLINE was searched from its inception to April
2010 via PubMed with the following search strategy:
("Asbestosis"[Mesh] OR ("Pleural Diseases"[Mesh]
AND “Asbestos"[Mesh]) OR ("occupational exposure”
[Mesh] AND “Asbestos"[Mesh]) OR ("Lung diseases"
[Mesh] AND “Asbestos"[Mesh])) AND “Respiratory
Function Tests"[Mesh] AND ("occupational diseases”
[Mesh] OR “occupational health"[Mesh] OR “occupa-
tional exposure"[Mesh])
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We applied the following PubMed limits in order to
increase the specificity of our search:

("humans"[MeSH Terms] AND (English[lang] OR
German(lang]) AND “adult"[MeSH Terms]) NOT
("Bronchoalveolar Lavage"[MeSH] OR “Neoplasms"|[-
Mesh] OR “Case Reports “[Publication Type]).

Additionally, we scanned congress proceedings, refer-
ence lists of relevant articles and searched our own
archive for further potentially relevant publications not
identified through the electronic search.

Data extraction

We extracted information on sample size, exposure to
asbestos, proportion of non-smokers, radiological ima-
ging method and lung function reference values together
with the estimates for vital capacity (VC), forced expira-
tory volume in the first second (FEV;) and FEV,/VC
with their corresponding SD, SE or 95% CI. Most of the
studies reported forced vital capacity (FVC), but in some
papers it was not clear whether FVC or slow (relaxed)
vital capacity (SVC) was measured. Data were extracted
by at least two of the authors independently from each
other and discrepancies were solved by consensus after
discussion. (HR)CT-based diagnoses were favoured over
those based on X-rays when both were available.

Data synthesis and statistical methods

We performed a meta-analysis to produce pooled esti-
mates of VC, FEV1 and FEV1/VC for each of our desig-
nated radiological categories (A, B or C). Within each
radiological category, we conducted subgroup analysis
according to the type of imaging method used for the
diagnosis (X-ray or (HR)CT).

Some studies reported results for different degrees of
radiological impairments within the same category (e.g.
different ILO scores for asbestosis). In these cases, we
pooled the subgroup estimates from the same study
with a fixed effects model to obtain a single estimate for
each study within each radiological category (A-C).

A random effects model was used to calculate overall
estimates for each radiological category.

We calculated I* as an indicator for the degree of het-
erogeneity across studies. Values of I under 25% indi-
cate low, up to 60% medium and over 75% considerable
heterogeneity, making it advisable to perform the analy-
sis using the random effects model [14]. In order to
assess whether any observed between-study heterogene-
ity could be explained through study characteristics
other than radiological imaging procedure, we also per-
formed subgroup analysis for the proportion of never-
smokers. For this purpose, we divided the study pool
into two categories: studies with <25% of participants
reporting to have never-smoked and studies with >=
25% of participants reporting to have never-smoked.
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A second subgroup analysis was done for mean dura-
tion of asbestos exposure, dividing the study pool into
two categories: studies reporting mean exposure dura-
tion longer than the median duration of the whole sam-
ple vs. studies with mean exposure duration shorter
than median duration. In addition, we performed meta-
regression analysis with the proportion of never-smokers
and with the years of asbestos-exposed occupation.

All calculations were performed with the software
Comprehensive Meta-Analysis 2.0. (Biostat™, Engle-
wood, USA). Forest plot graphics were produced with
Meta-Analyst Software [15]

Results

A total of 542 papers were identified by the electronic
literature database search and a further 46 papers
through manual searching in congress reports, reference
scanning and from our own archive (Figure 1). After
scanning titles and abstracts, 289 articles were selected
for a detailed assessment of the full publication. From
these 289 articles, 30 met the inclusion criteria for the
meta-analysis. The most frequent reasons for exclusion
were lack of information about lung function parameters
and/or about radiological diagnoses and lack of report-
ing statistical dispersion measures.

We included 27 cross-sectional studies, one case-
control and two follow-up studies, comprising a total
of 15,097 subjects of which the data for 9,921 were
reported appropriately for inclusion in our meta-analy-
sis. The characteristics of the included studies are
shown in Table 1. Sample size ranged from 19 to
3,383. Some studies focussed on a specific occupation
(e.g. asbestos manufacturing, insulation and cladding
work, shipyard, asbestos industries, asbestos cement
factory, ceiling tiles and wallboards, railway, ironwor-
ker, sheet metal, construction carpenters and mill-
wrights) while others included subjects from different
occupational fields. The mean duration of occupational
exposure to asbestos was reported in 22 studies (i.e.
73% of the study sample) and ranged from 8.4 + 6.1 to
32.7 £ 6.7 years (mean + SD). The latency time (i.e.
the time since first exposure) was reported in only 9
studies (i.e. 30%) and ranged from 24.5 + 5.7 to 43.3 +
6.7 years (mean + SD). Estimations of asbestos fibre
concentration (i.e. fibre-years) were reported only
rarely [16,17].

Except for two studies [18,19], all included current
and/or former smokers. The proportion of participants
reporting to be never-smokers ranged across the studies
from only 3% to 100% (median 26.2%), with three stu-
dies not reporting the proportion of never-smokers.
Smoking severity was reported in 18 of the studies that
included smokers and ranged from 14.0 + 11.9 to 38.9 *
29.4 pack-years (mean * SD).
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Radiological imaging was done relying exclusively on
chest X-ray in 15 studies and relying exclusively on CT
or HRCT in 7 studies. Eight studies considered both
chest X-ray and CT/HRCT. Mainly VC, FEV; or FEV,/
VC, or combinations of these parameters, were reported.
Some studies provided additional parameters, but due to
their scarcity and heterogeneity in assessment methods
we did not include them in the meta-analysis. In all stu-
dies, lung function test results were acquired according
to a quality standard, with the majority (67%) following
the American Thoracic Society (ATS) standard proce-
dure available at the time. There was considerable het-
erogeneity regarding the reference values used to
calculate “percent of predicted”, with a total of 12 differ-
ent reference values used across the included studies.
The most frequently used reference values were those
proposed by Quanjer 1983/1993 [20,21] (n = 5 studies),
followed by those of the ATS [22] and Knudson 1983
[23] (both in 4 studies each).

Quantitative data synthesis

Figures 2, 3 and 4 provide an overview of the pooled
estimates of lung function parameters according to radi-
ological findings.

Vital capacity
Vital capacity (VC, FVC) was the parameter most com-
monly reported in an adequate manner for inclusion in
our meta-analysis. Overall, asbestos-exposed workers
showed an impairment of vital capacity when compared
with reference values (Figure 2). This impairment of
vital capacity was already manifest in workers without
radiological evidence of asbestos-related pleural or par-
enchymal diseases (95.7%-predicted; 95%-CI 93.9, 97.3).
The loss of vital capacity was most accentuated in sub-
jects with radiological findings of asbestosis (86.5%-pre-
dicted; 95%-CI 83.7, 89.4). The subgroup analysis based
on the radiological procedure showed lower estimates of
vital capacity in all three radiological categories among
studies using conventional chest X-ray compared with
those using (HR)CT (Table 2).

Heterogeneity was very high in all three radiological
subgroups (I* >90%) and remained after subgroup analy-
sis according to radiological procedure.

FEV,
As for vital capacity, asbestos-exposed workers showed
an impairment of FEV; which was already present in
workers with no radiological evidence of asbestos-
related disease and was considerably more pronounced
in subjects with radiological signs of asbestos-related
pleural and/or parenchymal diseases (Figure 3). Again,
the subgroup analysis showed differences between stu-
dies using chest X-ray and studies using (HR)CT (Table
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2). The differences between both imaging procedures
were particularly pronounced for subjects identified as
having asbestos-related pleural disease. For this group of
patients, the estimate of FEV; obtained from the sub-
group of studies using conventional X-ray was about 10
percent lower than estimate obtained from HR(CT) stu-
dies (83.9%-predicted; 95% CI 77.2, 90.5 vs. 93.7%-pre-
dicted; 95% CI 87.6, 99.9) (Table 2).

Heterogeneity was also very high for these analysis (I*
>90%), but decreased to some extent when grouping
studies according to radiological technique.

FEV,/VC

FEV;/VC was less commonly reported in an adequate
manner for inclusion in our analysis. Slight FEV;/VC
reductions were already seen in workers even without
radiological signs of disease, and were similar to those
seen for workers with evidence of pleural disease and
for those with signs of lung fibrosis related to asbestos
(Figure 4). As for the other lung function parameters,
there were differences between studies according to the
radiological method used, with a tendency to lower
FEV,/VC among the studies using chest X-ray.
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subgroups with asbestosis.
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Figure 2 Forest plot of FVC (expressed as percent predicted with 95%Cl) in asbestos-exposed collectives grouped according to the
radiological status. 2A shows the subgroups without asbestos-related diseases, 2B shows the subgroups with pleural fibrosis and 2C shows the
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Figure 3 Forest plot of FEV, (expressed as percent predicted with 95%Cl) in asbestos-exposed collectives grouped according to the
radiological status. 3A shows the subgroups without asbestos-related diseases, 3B shows the subgroups with pleural fibrosis and 3C shows the
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N
A. Asbestos-exposed without radiological evidence of asbestos-related disease

Study Name N Imaging

Garcia-Closas 1995 457 L X-Ray

Kouris 1991 745 _ X-Ray

Oldenburg 2001 22 - (HR)CT

Overall <

| ;
85 920 100 105

B. Asbestos-exposed with pleural fibrosis

Study Name N Imaging
Oldenburg 2001 21 - X-Ray
Piirila 2005 299 L X-Ray
Al Jarad 1992 15 - (HR)CT
Garcia-Closas 1995 64 = (HR)CT
Kouris 1991 168 - (HR)CT
Overall <>
88 920 100 105

C. Asbestos-exposed with asbestosis

Study Name N Imaging
Garcia-Closas 1995 20 = X-ray
Robins 1988 7S ] X-ray
Résler 1990 20 - X-ray
Al Jarad as - (HR)CT
Neri 1996 38 - (HR)CT
Paris 2004 51 = (HR)CT
Piirila 2005 68 — (HR)CT
Vierikko 2010 86 = (HR)CT
Overall L 2
80 100

Figure 4 Forest plot of FEV,/FVC (expressed as percent predicted with 95%Cl) in asbestos-exposed collectives grouped according to
the radiological status. 4A shows the subgroups without asbestos-related diseases, 4B shows the subgroups with pleural fibrosis and 4C shows
the subgroups with asbestosis.
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Table 2 Estimates of lung function according to radiological findings

Overall Studies with X-ray Studies with (HR)CT
n Estimate 95%Cl 1*(%) n Estimate 95%Cl I>(%) n Estimate 95% Cl 1% (%)

FVC (% predicted)

Normal imaging 15 95.7 93.9-97.3 94.8 9 94.9 92.9-96.9 96.2 6 97.1 94.2-100.1 89.1

Pleural fibrosis 14 89.0 86.5-91.5 96.1 87.1 83.9-904 89.5 6 916 87.8-954 96.8

Asbestosis 20 86.5 83.7-894 98.2 10 84.8 80.8-88.8 98.9 10 885 84.3-92.7 95.8
FEV; (% predicted)

Normal imaging 14 936 90.6-96.5 973 8 914 87.7-95.1 98.0 6 974 92.5-102.2 64.7

Pleural fibrosis Il 89.2 84.7-93.7 93.7 5 839 77.2-90.5 420 6 93.7 87.6-99.9 958

Asbestosis 17 85.7 80.6-90.7 98.8 7 85.5 77.8-93.1 99.5 10 85.8 79.2-92.5 80.8
FEV,/FVC (% predicted)

Normal imaging 3 9.4 94.3-98.5 86.9 2 974 92.5-102.2 64.7 1 94.9 86.8-103.0 -

Pleural fibrosis 5 954 92.7-98.1 68.7 2 93.7 87.6-99.9 95.8 3 9.3 92.6-100.1 68.1

Asbestosis 8 955 94.1-96.9 838 3 858 79.2-92.5 80.8 5 97.0 95.7-98.3 0.0

Comparison of imaging procedure.

Estimates for forced vital capacity (FVC), forced expiratory volume in the first second (FEV1) and the ratio of both parameters (FEV1/FVC) for each radiological
subgroup. Results are shown for all included studies as well as separated according to the radiological method used for the diagnosis (conventional chest X-ray
or (high resolution) computed tomography. Estimates are expressed as percent predicted together with confidence interval (Cl) and 12 as a measure of

heterogeneity, n = number of studies included in each subgroup.

Heterogeneity was considerable (I> >60%) but not as
pronounced as for the other lung function parameters.

Subgroup analysis and meta-regression

Smoking

Few studies reported estimates stratified by smoking sta-
tus and radiological category. The proportion of never-
smokers was reported in 27 studies. The lung function
estimates derived from the subgroup analysis showed
greater impairment among studies with more than 25%
of participants reporting to be never-smokers for sub-
jects without radiological evidence of asbestos-related

disease and in those with pleural fibrosis (Table 3). In
the group of workers showing radiological evidence of
asbestosis lung function impairments were strongest and
a bit more pronounced in the subgroup of studies with
a lower proportion of never-smokers.

In the regression analysis of the effect of the propor-
tion of non-smokers on estimates of FEV, those studies
with a higher proportion of never-smokers tended to
show less impairment of this parameter (not statistically
significant) for all three radiological categories.

Table 4 shows the results of three studies [24-26]
reporting estimates for non-smokers and smokers

Table 3 Estimates of lung function according to radiological findings

Overall Studies with <25% non-smokers Studies with >25% non-smokers
n Estimate 95%Cl 1°(%) n  Estimate 95% Cl (%) n  Estimate 95% CI 1? (%)

FVC (% predicted)

Normal imaging 14 96.1 939982 951 6 98.1 94.6-101.6 880 94.9 923-97.5 96.6

Pleural fibrosis 12 90.3 874-933 965 6 932 88.9-97.5 95.9 87.7 83.7-91.8 954

Asbestosis 18 864 83.2-89.6 98.1 12 859 81.9-89.8 83.7 874 81.9-92.7 98.9
FEV; (% predicted)

Normal imaging 13 939 90.0-97.8 974 5 975 90.9-104.1 354 8 920 87.2-96.8 983

Pleural fibrosis 10 89.9 84.1-957 936 5 91.5 83.2-99.9 96.3 5 885 80.4-96.5 86.2

Asbestosis 16 852 81.4-89.1 98.9 11 84.2 79.5-88.8 922 5 876 80.7-94.4 97.5
FEV/FVC (% predicted)

Normal imaging 2 954 94.6-96.2 0.0 2 954 94.6-96.2 0.0 - - -

Pleural fibrosis 4 954 91.5-99.3 625 2 959 90.6-101.3 74.9 94.9 89.2-110.5 732

Asbestosis 8 95.6 932979 838 4 96.3 94.2-984 553 95.3 92.2-98.3 89.8

Subgroup analysis according to % of never-smokers.
Estimates for forced vital capacity (FVC), forced expiratory volume in the first second (FEV1) and the ratio of both parameters (FEV1/FVC) for each radiological
subgroup. Results are shown for all included studies as well as separated according to the proportion of non-smokers included in each subgroup (less ore more
than 25%). Estimates are expressed as percent predicted together with confidence interval (Cl) and 12 as a measure of heterogeneity, n = number of studies

included in each subgroup.
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Table 4 Asbestos-exposed workers without radiological
evidence of parenchymal disease stratified by smoking
status

Non-smokers Smokers
Studie n % SD n % SD
predicted predicted
Hall 1982 FEV, 46 101.0 136 67 925 149
FVC 102.2 116 99.2 134
Neri 1996 FEV, 34 90.9 156 47 920 14.0
FVC 89.7 149 90.9 143
FEV,/ 1003 109 100.2 6.8
FVC
Oldenburg FEV, 12 105.7 136 31 836 25.1
2001
FVC 96.1 109 86.7 126
FEV,/ 1023 439 94.5 186
FVC

Differences in forced vital capacity (FVC), forced expiratory volume in the first
second (FEV1) and the ratio of both parameters (FEV1/FVC) between asbestos
exposed non-smokers and smokers without radiological evidence of
asbestosis. Estimates expressed as percent predicted together with standard
deviation (SD) and 12 as a measure of heterogeneity, n = number of subjects
included in each subgroup.

without radiological evidence of parenchymal disease.
These papers suggest mainly a synergistic effect of
smoking and asbestos exposure.

Duration of asbestos exposure

Mean exposure duration was reported in 23 studies. The
data was heterogeneous (Table 5). FEV; was consistently
better across all radiological categories in the subgroup
of studies with a mean exposure length of more than 22
years. In contrast, FEV;/VC was consistently better
across all radiological subgroups for the studies with
shorter mean exposure duration. The results for FVC
were inconsistent. The regression analysis, however,
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indicated that lower FVC and FEV; could be expected
with increasing mean exposure duration.

Discussion

Several population-based studies provide evidence of
asbestos exposure contributing significantly to the bur-
den of airway diseases, but a detailed assessment of
exposure was generally neither presented nor performed
in such studies [27-29]. The pleural plaque incidence in
the general population is in the range of 0.02 to 12.8%
[30] and is 80-90% attributable to asbestos exposure
[31]. The initial concern about the potential adverse
effects of asbestos on lung function was vindicated in
clinical as well as epidemiologic studies over many years
[12,13]. The present meta-analysis has considered the
major lung function parameters VC, FEVy, FEV;/VC, for
asbestos-exposed workers grouped, according to their
radiological diagnosis, into three groups: “absence of
pleural and lung parenchymal fibrosis”, diagnosed with
“pleural fibrosis” (PP and/or DPT) or “asbestosis with or
without pleural fibrosis”. Overall, our analysis shows a
statistically significant reduction of VC, FEV; and FEV,/
VC among workers exposed to asbestos compared to
the general population (i.e. reference values).

The severity of the observed impairments is related to
the degree of radiological abnormalities indicative of
pleural fibrosis and asbestosis. Overall, VC and FEV;
scores were lowest for those workers showing radiologi-
cal findings of asbestosis, followed by those with signs
of pleural fibrosis. Workers exposed to asbestos with
normal radiological findings (either X-ray or (HR)CT)
exhibited significantly better VC and FEV; scores than
those with radiological abnormalities, but their
decreased values indicate some degree of lung function

Table 5 Estimates of lung function according to radiological findings

Overall Studies <22 yr. mean exposure Studies >22 yr. mean exposure
n Estimate 95%Cl [*(%) n Estimate 95%Cl 1?(%) n Estimate 95%Cl  I? (%)

FVC (% predicted)

Normal imaging 11 96.2 944980 959 97.0 94.2-99.8 96.5 7 95.7 934-98.0 90.8

Pleural fibrosis 11 89.2 85.6-92.8 96.9 81.8 73.2-90.3 928 9 90.8 86.8-94.8 98.0

Asbestosis 12 874 82.2-92.6 95.5 5 879 79.9-959 96.1 7 87.0 80.2-93.9 95.0
FEV; (% predicted)

Normal imaging 11 93.7 89.3-98.1 979 5 91.8 85.5-98.1 974 6 95.5 89.3-101.7 96.1

Pleural fibrosis 9 89.2 83.9-94.5 94.8 2 847 73.5-95.8 355 7 90.6 84.6-96.5 95.5

Asbestosis 10 86.8 823-91.2 84.2 5 864 80.3-92.5 90.4 5 87.1 80.6-93.6 66.7
FEV,/FVC (% predicted)

Normal imaging 3 96.4 94.3-98.5 86.9 2 96.5 94.3-98.7 934 1 94.9 86.2-103.6 -

Pleural fibrosis 4 955 92.9-96.2 68.2 1 96.2 94.4-97.8 - 93.8 91.9-95.8 481

Asbestosis 7 95.8 938979 861 3 97.7 95.9-99.5 0.0 4 94.6 92.0-97.2 832

Subgroup analysis by mean exposure duration.

Differences in forced vital capacity (FVC), forced expiratory volume in the first second (FEV1) and the ratio of both parameters (FEV1/FVC) between subgroups
with a mean exposure duration of less (<22 yr.) and more for than 22 years (>22 yr.). Results are shown for each radiological subgroup. Estimates are expressed
as percent predicted together with confidence interval (Cl) and 12 as a measure of heterogeneity, n = number of studies included in each subgroup.
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impairment. FEV;/VC was slightly reduced in all groups.
This reduction was more evident in the subgroups with
radiological abnormalities. These differences between
groups persisted mostly when the studies were analysed
separately, according to the radiological methods used
(either X-ray or (HR)CT), although less pronounced for
the (HR)CT-based studies of the three subgroups of
patients. In general, studies with (HR)CT based diagno-
sis report milder lung function impairments than those
using conventional X-ray due to the higher sensitivity of
the (HR)CT for mild grades of pleural disorders and
asbestosis.

A positive relationship between the severity of func-
tional impairment and the radiologically defined degree
(score) of asbestos-related pleural and/or pulmonary
fibrosis was already reported in a few studies [32-34]. As
shown the absence of characteristic radiological findings
does not exclude lung function abnormalities. Our
meta-analysis revealed statistically significant deteriora-
tion in the lung function parameters for asbestos work-
ers without any evidence of radiological abnormalities.
These findings extend the meta-analysis by Filippelli,
Martines et al [35] who found statistically significant
reductions in all investigated lung function parameters
in subjects exposed to asbestos, although the authors
did not account for different radiological findings.
Regression models reported in some of the included stu-
dies indicate that the radiological findings can only
explain a small part of the variability in these para-
meters. Other authors have also reported a medium to
low explanatory power of radiological findings for other
lung function parameters [33,32].

There is evidence from clinical studies that discrepan-
cies between lung function and radiological findings can
be due to asbestos-induced pulmonary alterations not
radiologically detectable. These studies describe multiple
cellular lesions, apoptosis, inflammatory and profibro-
genic responses, using histopathology and electron
microscopy, as well as the synthesis of associated media-
tors and oxygen radicals [36-40]. It has been estimated
that exposure to an asbestos fibre dose [41] of 25 fibre-
years represents the inhalation of about 55 billion asbes-
tos fibres [42], of which a significant proportion is
deposited in the lung.

Our findings indicate not only the presence of restric-
tive but also of obstructive ventilation patterns in work-
ers exposed to asbestos, either with or without asbestos-
related radiological abnormalities: an issue of controver-
sial discussion.

Recently, Dement et al. [43] found an overall COPD
prevalence of 18.9% in asbestos workers/insulators. In
their collective of older construction and trade workers,
at the US Department of Energy with mixed exposure at
nuclear sites, the prevalence of COPD was of 23%
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among those only with pleural changes and 32.3%
among those with both pleural and parenchymal
changes [43]. Conversely, Ameille et al. [44] reported a
lack of association between occupational exposure to
asbestos and airway obstruction. They determined that
FEV,/FVC and FEV,5 75 did not differ through the
cumulative exposure classes and there was no significant
correlation between cumulative exposure to asbestos
and pulmonary function parameters nor with the pro-
portion of abnormal pulmonary function tests [44].
However, these authors did not include a non-exposed
control group and report generally elevated values for
FVC, FEV,, FEV,/FVC and residual volume (RV), which
can be explained by the selected study population
(volunteers for a screening programme without previous
severe respiratory disease).

Bias and limitations

The degree of lung function impairment may have been
underestimated due to bias in the included studies. Two
main sources of not negligible underestimation of
adverse health effects in actual occupational cohort stu-
dies are the dilution effect and the comparison bias
[45]. The dilution effect results from the inclusion of
not or very low exposed workers in the study cohort.
The comparison bias results from a healthy hire effects
at the beginning of exposure history. The lung function
of blue collar workers - like the ones included in our
study - is typically better than the references taken from
the general population (i.e. over 100% predicted)
[46,47]. In those workers lung function values studied at
a single time point may be still within the norm despite
an underlying considerable absolute decrease since the
start of exposure (e.g. a FEV; fall from 115% to 95%).
Comparison bias results also from the healthy worker
effect in the course of the working life. Subjects with
relevant health impairments may change their occupa-
tion or have a shortened work life and thus may not be
available for recruiting to later lung function assessment
based on occupation or worksite. For example Fell et al.
[48] hypothesized in their investigation on respiratory
symptoms and ventilatory function of workers exposed
to cement dust that individuals susceptible to adverse
respiratory effects from cement dust may have quitted
work and therefore dropped out of the exposed groups.
The authors found a high prevalence (55%) of respira-
tory symptoms and COPD in the group of former
cement workers visited at home, underlying the impor-
tance of included former workers. These biases are
probably present in the studies included in our sys-
tematic review, since most of them had a cross-sec-
tional design not accounting for changes in lung
function over time and in general did not consider for-
mer workers.
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In our meta-analysis, there is a high degree of hetero-
geneity (high I?) across the studies, which we acknowl-
edged by using a random effects model. Heterogeneity is
caused by variations in the individual study populations
as well as differences in study methods.

With respect to the study design, a major source of
heterogeneity is the quality of lung function tests and
the variety of references values used in the studies. We
included predicted values, as given by the various
authors with their considerable variation. For example,
the reference values of Quanjer et al. [20,21] have been
shown to be at least 10% too low for current normal
populations [49-53], thus leading to an underestimation
of the effects of asbestos exposure. The same is true for
some other reference values based on inadequate refer-
ence populations.

The issue of the study population as a source of het-
erogeneity includes the following aspects: First, studies
differed considerably in the duration of occupational
exposure to asbestos, ranging from less than 1 year to
over 30 years. The subgroup analysis indicated that the
results for FEV; and for FEV;/VC were negatively
related to the duration of exposure. The meta-regres-
sion analysis indicated an inverse relationship between
exposure duration and FVC and FEV; (i.e. lower esti-
mates with increasing mean exposure duration). How-
ever, this can only explain a small amount of
heterogeneity. There are also major differences between
studies regarding the intensity of exposure because of
the wide variety of tasks and occupations studied. Since
only two studies [41,54] reported an estimation of expo-
sure intensity (i.e. fibre-years), we could not explore this
source of heterogeneity in subgroup or regression analy-
sis. Similarly, mean latency times were only reported in
nine of the included studies, thus subgroup analysis or
meta-regression to explore heterogeneity could not be
performed.

An additional source of heterogeneity may be the dif-
ferences in the distribution of confounders, such as
smoking or co-exposure to other occupational noxae.
Regarding co-exposures most of the studies provided lit-
tle information and we could not explore this potential
source of heterogeneity in detail.

An important question concerns the interaction
between smoking and asbestos exposure. Only a few
studies accounted for smoking in their analysis appro-
priately. In one of the two studies that included only
never-smokers [18], reduced VC was reported for both
asbestos-exposed workers without and with pleural
fibrosis, and an impairment of FEV; was seen in those
with pleural fibrosis. The other study considering only
never-smokers examined patients with asbestosis. Here
all lung function parameters were correspondingly
impaired [19].
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Niebecker and colleagues showed for patients with
asbestosis that the degree of impairment was greater
among smokers [9]. Some of the included studies
[16,33,55-61] reported multivariate linear regression
models including smoking as an explanatory variable
(among others). The results of these analyses suggest an
association of lung function impairments with pleural
abnormalities independent of smoking, i.e. when pleural
fibrosis is present then impairments in lung function
can be observed in both smokers and non-smokers.

At the study level, the results of subgroup analysis
according to the proportion of never-smokers were
inconsistent and partly counterintuitive, since for some
parameters, the higher the proportion of non-smokers
in a study, the lower were the estimates. An additional
analysis using the mean pack-years - as an indication of
the dose - was not performed, because one third of the
included studies did not report the information.

Therefore our approach does not allow a clear differ-
entiation of smoking effects from those of asbestos,
mainly due to the shortcomings or the failure to report
findings of the included studies but provides evidence
that the observed impairment in lung function in the
absence of radiological signs of asbestos-related par-
enchymal disease cannot be attributed solely to smoking
and that asbestos exposure plays a causal role.

A recent meta-analysis [35], which did not consider
radiological findings, demonstrated independent signifi-
cant effects of smoking as well as of asbestos exposure
(i.e. a synergistic effect), both for forced expiratory flow
(FEFy5.75, FEF50) as well as thoracic gas volume (TGV)
and RV/TGV. In this analysis, the influence of asbestos
exposure was stronger than that of smoking for FEV,/
VC and airway resistance, whereas smoking had a stron-
ger effect on FEF,5 ;5. Evidence for a synergistic detri-
mental effect of smoking and asbestos exposure on
airflow limitation has also been reported in several addi-
tional studies (FEV; [62,41,61,63,64], FEV,/VC
[65,66,9,10,4,25,61,26], FEF,5 75 [66,3,25,10,43] and
FEF;5 g5 [66,3]).

It has to be acknowledged that our study does not
allow answering the question whether the observed sta-
tistically significant lung function impairments at the
population level are also of clinical relevance at the indi-
vidual level. Indeed, in clinical practice the diagnosis of
an obstructive defect requires a FEV/FVC of less than
70% and a FEV; over 80% from predicted is considered
to represent mild impairment in an individual [67]. Our
pooled estimates are within the normal limits applied to
individuals (even when considering the lower limits of
the confidence interval). Small decreases in group mean
values however do not preclude clinically important dis-
ease. For example a group of workers exposed to asbes-
tos with moderate dyspnoea had mean FVC of 96%,
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mean FEV; of 94% and mean FEV,/FVC of 95% of pre-
dicted [68], which are similar to our pooled estimates.
In one study, lung function impairments, particularly
airflow obstruction, have been associated with increased
mortality in asbestos exposed workers [69].

Conclusions

We conclude that asbestos exposure causes restrictive as
well as obstructive lung function impairment. Asbestos-
exposed workers may present lung function impair-
ments even in the absence of radiological evidence of
asbestos-related pleural fibrosis or asbestosis.

Our systematic review demonstrates that despite the
large number of studies about the health hazards from
occupational exposure to asbestos, there is a need for
further research, especially on the role of smoking,
occupational co-exposure (e.g. other mineral dusts,
welding fumes) and possible synergistic effects on the
development of functional impairment, particularly
chronic airway obstruction, in asbestos-exposed workers.
Such studies should include measurement of CO diffu-
sion capacity, airway resistance and flow volume curves
in a consistent approach. Furthermore, our study under-
lines the necessity for an international agreement on
lung function reference values within the individual eth-
nic groups, to facilitate comparison between different
studies.
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Zusammenfasende Darstellung der Publikation ,,Lung function in
asbestos-exposed workers, a systematic review and meta-analysis*

— breiterer Kontext und weiterfuhrende Ergebnisse.

Hintergrund
Unter der technischen Bezeichnung ,Asbest" (griechisch: asbestos, unverganglich)

werden mineralogisch verschiedene faserformige Silikate subsummiert. Mitte des
vergangenen Jahrhunderts wurde Asbest aufgrund seiner hervorragenden Material-
eigenschaften zu einem industriell viel verwendeten Ausgangsmaterial, vor allem im
Baugewerbe (Asbestzement ,Eternit®, Wellplatten etc.). In den 1960er- und 1970er-
Jahren erreichte der Verbrauch in Deutschland ein Plateau mit etwa 200000 Jahres-
tonnen. Expositionen bestanden v. a. in der Asbestaufbereitung, in der Herstellung
und Bearbeitung von Asbestzement, Bremsbelagen, Asbest-Textilprodukten, Platten
und Spritzmassen zur Warme- und Feuerd@ammung sowie von anderen saure- und
hitzebestandigen Materialien und dergleichen mehr. Mit Uber 90% des Verbrauchs
stand Serpentinasbest (Chrysotil=Weilasbest, Magnesiumsilikat) in Deutschland
ganz im Vordergrund; Amphilbolasbeste (Krokydolith= Blauasbest, Natrium-Eisen-
Silikat; Antophyllith, Amosit=Braunasbest) spielten mengenmafig eine deutlich ge-

ringere Rolle.

Erst Ende der 1980er-Jahre kam es zu einer drastischen Reduktion des Asbestver-
brauchs, jedoch war die berufliche Exposition gegenlber faserféormigem Asbeststaub
bis Anfang der 90er Jahre noch weit verbreitet. Seit dem Herstellungs- und Verwen-
dungsverbot von 1993 besteht ein weitestgehender Expositionsstop. Relevante Ex-
positionen kommen heute noch bei Sanierungs- und Abbrucharbeiten vor, die unter
Beachtung strenger Gesundheitsschutzregularien nach der Gefahrstoffverordnung
(TRGS 519) auszufuhren sind.

Asbestfasern werden per inhalationem inkorporiert und zunachst in den Atemwegen
und Alveolen deponiert. Sie gelangen entlang gerichteter anatomischer Bronchial-
und Lungenstrukturen (Bronchien, Bronchiolen, Alveolen) in das Lungeninterstitium
und kdnnen dort weitertransportiert werden und bis zur Pleura und dartber hinaus
wandern. Asbestfasern verursachen in den Bronchien, Bronchiolen, im Alveolarraum
und in den angrenzenden Raumen anhaltende Entzindungsreaktionen, welche eine
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chronische Bronchitis, Bronchiolitis und Alveolitis mit peribronchiolarer und panalveo-
larer Fibrose zur Folge haben. Dabei ist fur alle genannten Erkrankungen eine mittle-
re Latenzzeit von etwa 3 Jahrzehnten mit breiten Streubereichen zu bertcksichtigen.
Letzteres ist der Grund, weshalb hierzulande der Gipfel der Erkrankungshaufigkeit
erst in den nachsten Jahren erreicht wird.

Die Anzahl der arbeitsbedingt friher in Deutschland anhaltend gegenuber Asbest
Exponierten betragt mindestens eine Million. Allein in der sog. Gesundheitsvorsorge
(GVS), vormals Zentrale Erfassungsstelle Asbest (ZAs), der gesetzlichen Unfallversi-
cherung sind bisher etwa 500.000 ehemals asbestexponierte Arbeithehmer erfasst,

die nachgehenden arbeitsmedizinischen Untersuchungen zugeflhrt werden.

Asbestbedingte Berufskrankheiten

Asbest-bedingte Erkrankungen der Atmungsorgane konnen in benigne und maligne
Pleura- und Lungenkrankheiten unterteilt werden. Unter der Berufskrankheit (BK) Nr.
4103 der Berufskrankheitenverordnung (BKV) werden hyaline und/oder kalzifizierte
Pleuraplaques, die diffuse Pleurahyalinose und die Asbest-Lungenfibrose zusam-
mengefasst. Auch die Asbestpleuritis, welche im akuten Stadium mit rezidivierenden
Pleuraerglssen assoziiert sein kann, wird unter der BK Nr. 4103 subsummiert. Letz-
tere ist oft schwer vom Mesotheliom abzugrenzen.

Als Asbest-assoziierte Malignome sind der Kehlkopfkrebs, der Lungenkrebs (BK Nr.
4104) und die Mesotheliome der seridsen Haute, insbesondere der Pleura, aber
auch des Perikards und des Bauchfells (BK Nr. 4105) zu nennen. Voraussetzung fur
die Anerkennung Asbest-bedingter Lungen- und Kehlkopfkarzinome als Berufs-
krankheit ist eine Einwirkung von in der Regel = 25 Faserjahren, das Vorliegen einer
Asbestose, Asbest-assoziierter Pleuraveranderungen oder einer Minimalasbestose
(Merkblatt BK Nr. 4104) (Bundesministerium fur Arbeit und Sozialordnung 1997).

Im aktuellen Berufskrankheitengeschehen finden sich flr 2010 folgende Anzeige-
Haufigkeiten: 3732 Falle von Asbestose/asbestbedingten nicht malignen Pleuraer-
krankungen (2009: 3971 Falle), 3709 Falle von Lungenkrebs oder Kehlkopfkrebs
(2009: 3909 Falle), 1479 Falle von Mesotheliom (2009: 1474 Falle). Als Berufskrank-
heit anerkannt wurden im selben Jahr 1749 (2009: 1986), 719 (2009: 708) bzw. 931
(2009: 1030) Erkrankungen dieser Entitaten. Eine neue Rente wurde in 421, 676
bzw. 876 Fallen bewilligt (Deutsche Gesetzliche Unfallversicherung (DGUV) 2011).
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Unter der Voraussetzung der gegebenen Expositionskausalitat, haftungsbegrinden-
den und haftungsausfillenden Kausalitaten bereitet die gutachterliche Einschatzung
fortgeschrittener Asbest-bedingter Lungenkrankheiten in der Regel keine Schwierig-
keiten. Als Lungenfunktionsstorung resultiert hierbei meistens eine Restriktion mit
Einschrankung aller Lungenvolumina, also der totalen Lungenkapazitat (TLC), des
Residualvolumens, der Vitalkapazitat (FVC, VC) und des intrathorakalen Gasvolu-

mens (IGV) sowie der Diffusionskapazitat (DL,co).

Aktuelle Kontroversen in der Begutachtung asbestbedingter Erkrankungen
Deutlich weniger Einigkeit besteht in der Bewertung der lungenfunktionellen Veran-
derungen in Fallen von nur gering ausgepragten radiologischen Befunden bzw. mit

fuhrender obstruktiver Ventilationsstorung.

In der Begutachtungspraxis wurde bisher in der Regel davon ausgegangen, dass

Asbest-Exponierte ohne wesentliche Auffalligkeiten im Rontgenthoraxbild keine rele-
vanten asbestbedingten Krankheitssymptome und Lungenfunktionseinschrankungen
haben kdnnen. Dies wird vielerorts auch fur Personen mit geringgradigen Pleurapla-

ques angenommen.

Eine Reihe aktueller klinisch-wissenschaftlicher Studien befasst sich mit neuen, deut-
lich sensitiveren radiologischen (HRCT) und funktionsanalytischen (DL,co) Verfahren
sowie zeitgemalen Lungenfunktionssollwerten und stellen dies auch in Verbindung
mit einer immer noch leicht steigenden Zahl Betroffener. Sowohl die Rolle der ob-
struktiven Lungenfunktionsveranderungen als auch der Zusammenhang zwischen
Exposition, radiologischen Befunden und Einschrankungen der Lungenfunktion wer-
den zunehmend diskutiert. So beschrieben z.B. Begin et al. (Begin et al. 1983) unter
Nie-Rauchern mit Lungenasbestose eine bis in den Perialveolarraum fortschreitende
peribronchiolare Fibrose und eine Akkumulation mononuklearer Zellen in die Alveo-
larraume. Als Ausdruck der Bronchiolitis fanden sie eine Verdickung der Wande und
Irritationen der kleinen Atemwege (Begin et al. 1983). Diese Prozesse gehen jedoch
in frhen Krankheitsstadien und nach kurzen Expositionszeiten nicht mit réntgenolo-
gischen Auffalligkeiten einher. Sie laufen zusammen individuell mit unterschiedlicher

Geschwindigkeit ab und kénnen auf einem bestimmten Niveau persistieren. Es gibt
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Hinweise darauf, dass die individuelle Suszeptibilitat fur den Verlauf der Asbester-
krankung innerhalb bestimmter Belastungsgrenzen einen hohen Stellenwert ein-

nimmt.

Im Gegensatz zu der oben beschriebenen Praxis der Begutachtung asbestbedingter
Erkrankungen, stitzen neue Studien die Annahme, dass der rontgenologisch sicht-
bare Befall der Pleura Folge der Wanderung der Asbestfasern durch das Lungenin-
terstitium mit begleitenden inflammatorischen Prozess und mikroskopisch z. T. er-
kennbaren, z. T. auch submikroskopischen Veranderungen der Bronchien, Alveolen
und des Lungeninterstitiums ist (Churg et al. 1985). Daraus resultieren unterschiedli-
che morphologische und funktionelle Befunde, wobei mehr bronchial, alveolar oder
interstitiell akzentuierte Krankheitsbilder vorkommen kénnen. Hierbei sind Lungen-
funktionseinschrankungen auch dann zu erwarten, wenn sich das Lungeninterstitium
und die Pleura konventionell rontgenologisch noch unauffallig darstellen. Als frihe-
ster Ausdruck eines asbestbedingten Lungenschadens ist eine Einschrankung der

Diffusionskapazitat zu erwarten (Dujic et al. 1992).

Ferner zeigen Studien, dass asbestbedingte Lungengerustprozesse in fortgeschritte-
nen Stadien Deformierungen des Bronchialbaumes und der Alveolarraume nach sich
ziehen konnen. Nicht selten treten eine chronische Bronchitis mit oder ohne obstruk-
tive Ventilationsstérung, z.T. auch emphysematdse Veranderungen hinzu. Insgesamt
sind im Zusammenhang mit fortgeschrittenen asbestbedingten Lungengerusterkran-

kungen alle Varianten von Lungenfunktionsstérungen denkbar und lassen sich durch

den Krankheitsprozess erklaren.

Ausgangsfrage

Zur integrativen Interpretation der zur Verfugung stehenden Literatur wurde die vor-
gelegte metaanalytische Untersuchung durchgefuhrt. Auf der Basis einer Bewertung
soll dabei eine Handlungshilfe fur die gutachterliche Beurteilung des Einzelfalls ge-
geben werden. Von wesentlicher Bedeutung ist dabei die Beantwortung der Frage,
ob unter Asbest-Exponierten ohne rontgenologisch sichtbare Lungenveranderungen
bzw. lediglich mit rontgenologisch nachweisbaren Pleuraplaques (umschriebenen
Pleurafibrosen) oder diffuser Pleuraverdickung mit dem heutigen sensitiven Instru-

mentarium Einschrankungen der Lungenfunktion festzustellen sind. Auf3erdem inter-
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essiert, inwiefern auch die Atemwege in Form einer objektivierbaren Obstruktion in

ehemals Asbest-exponierten Kollektiven betroffen sind.

Als problematisch bei der Bewertung der Vielzahl neuer Studien zum Zusammen-
hang zwischen Asbestexposition, lungenfunktionellen und radiologischen Verande-
rungen erweisen sich die ausgesprochene Heterogenitat zwischen den einzelnen
Studien in Bezug auf die Asbest-Exposition (Lange, Art und Dauer), die Kollektivzu-
sammensetzung, die eingesetzte Diagnostik, die erfassten klinischen Symptome und

funktionellen Parameter sowie deren Referenzwerte.

Ergebnisse der Metaanalyse

Mit Hilfe der elektronischen Datenbanksuche, erganzt durch die manuelle Suche u.a.
in Kongressbanden, Referenzlisten und eigenen Archiven konnten initial 588 potenti-
al relevante Veroffentlichungen identifiziert werden. Nach der systematischen Uber-
prufung aller Referenzen und Anwendung der Ein- und Ausschlusskriterien wurden
29 Arbeiten mit insgesamt Daten von 9921 Personen in die Metaanalyse aufgenom-
men. Dabei betrachtete ein Teil der Untersuchungen Arbeiten aus einer bestimmten
Berufsgruppe, z.B. Isolierer oder Werfarbeiter, wohingegen andere Autoren mehrere

Berufsgruppen in einer Untersuchung zusammengefasst haben.

Vitalkapazitat

Die Vitakapazitat war der am haufigsten entsprechend unserer Qualitatskriterien fur
die Aufnahme in die Metaanalyse untersuchte Parameter. Erwartungsgemal zeigte
sich insgesamt bei asbestexponierten Arbeitern eine Verminderung der Vitalkapazitat
im Vergleich zur nichtbelasteten Allgemeinbevdlkerung. Die Einschrankung war am
starksten ausgepragt in der Gruppe mit radiologischen Zeichen einer Asbestose
(86,5% des Sollmittelwertes; 95%CI 83,7-89,4); jedoch war bereits in der Gruppe
Asbestexponierter ohne radiologisch fassbare Veranderungen eine signifikante Ver-
anderung festzustellen (95,7% des Sollmittelwertes; 95%CIl 93,9-97,3). Die Subgrup-
penanalyse nach angewendeten radiologischen Verfahren (konventionelles Ront-
genbild oder Computertomographie) zeigte erniedrigte Werte der Vitalkapazitat in
allen drei radiologischen Kategorien (1. keine pathologischer Befund, 2. pleurale

Veranderungen und 3. Asbestose mit und ohne Pleurabeteiligung), wobei die Abwei-
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chungen bei Berlcksichtigung der konventionellen Rontgenbilder starker ausgepragt

waren als bei Zugrundelegung der CT-Befunde.

FEV1

Auch fur die FEV1 konnte gezeigt werden, dass ein Abfall im Vergleich zum Refe-
renzkollektiv schon bei Asbestexponierten ohne radiologische Auffalligkeiten festzu-
stellen ist. Der Abfall nimmt analog zur Schwere des Rontgenbefundes zu. Auch fur
diesen Parameter lie3en sich Unterschiede in Abhangigkeit von der verwendeten
radiologischen Methode feststellen. Besonders ausgepragt waren diese Unterschie-
de in der Gruppe mit ausschliel3lich pleuralen Veranderungen (Pleuraplaques oder
diffuse Pleurafibrose); die Werte der Falle, die anhand des konventionellen Rontgen-
bildes diagnostiziert wurden, waren annahernd 10% niedriger als jene, bei denen die
Computertomographie eingesetzt wurde (83,9% des Sollmittelwertes; 95%CI 77,2-
90,5 vs. 93,7% des Sollmittelwertes; 95%CI 87,9-99,9).

FEV1/VC

Die relative Einsekundenkapazitat (FEV1/VC) wurde deutlich seltener als die o.g.
Parameter in einer flr eine Metaanalyse geeigneten Weise berichtet. Die verwertba-
ren Arbeiten zeigten eine geringfuge Reduktion der relativen Einsekundenkapazitat
bereits im Kollektiv der exponierten Arbeiter ohne radiologische Veranderungen und
ohne wesentliche Abnahme in den Gruppen mit pleuraler und/oder parenchymaler
Fibrose. Eine Abhangigkeit vom angewendeten radiologischen Verfahren war fur

diesen Parameter weniger deutlich erkennbar.

Einflussfaktor Rauchen

Zur Abschatzung des Rauchens als Einflussfaktor auf die untersuchten Parameter
betrachteten wir getrennt Arbeiten mit einem Nichtraucheranteil von mehr als 25%
und solche mit weniger als 25%. Dabei fuhrten wir eine entsprechende Subgruppen-
analyse durch. Abgesehen von zwei Ausnahmen beinhalteten alle Studien Daten von
Rauchern und/oder Exrauchern. Der Anteil der Nichtraucher in den Untersuchungen
reichte von 3 bis 100 % und lag im Median bei 26,2%. Die Hohe des Zigarettenkon-
sums wurde in 18 Arbeiten angegeben und reichte von 14,0 +/- 11,9 bis 38,9 +/- 29,4
Packungsjahre. Die Auswertung zeigte eine hdhergradige Lungenfunktionsein-

schrankung in den Arbeiten, die einen Nichtraucheranteil von mehr als 25% in den
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Kollektiven ohne radiologischen Nachweis asbestbedingter Veranderungen bzw. mit
alleinigem Pleurabefall aufwiesen. Im Falle einer Asbestose fanden sich niedrigere
Lungenfunktionswerte in der Subgruppe mit niedrigerem Nichtraucheranteil. In der
Regressionsanalyse des Effektes des Anteils von Nichtrauchern auf die FEV1 gab es
einen statistisch nicht signifikanten Trend zu einer geringeren Funktionseinschran-
kung des Parameters bei hoherem Anteil an Nichtrauchern.

Die Daten bzgl. der Expositionsdauer waren sehr heterogen und oft unvollstandig.
Regressionsanalytisch lassen sich niedrigere Werte fur Vitalkapazitat und FEV1 mit

zunehmender Expositionsdauer vermuten.

Insgesamt zeigt die Metaanalyse eine signifikante Verminderung von VC, FEV1 und
der FEV1/VC unter asbestexponierten Arbeiter im Vergleich mit den Referenzwerten,
erhoben an der Allgemeinbevdlkerung. Diese Einschrankungen weisen nur eine gro-

be Abhangigkeit vom radiologischen Befund auf.

Diskussion und Schlussfolgerungen

Die metaanalytische Auswertung der Daten von nahezu 10.000 Asbestexponierten
zeigt, dass eine Asbestexposition sowohl zu restriktiven als auch zu obstruktiven
Ventilationsstérungen fuhrt. Asbestexponierte konnen auch bei Fehlen von radiolo-
gisch nachweisbarer Pleurafibrose oder Asbestose Lungenfunktionseinschrankungen

aufweisen.

Die systematische Auswertung zeigte, dass trotz der Vielzahl von Studien Uber die
Gesundheitsgefahren durch berufliche Asbestexposition ein Bedarf an weiterer For-
schung besteht. Dies gilt vor allem hinsichtlich der synergischen Rolle des Rauchens
und von beruflichen Co-Expositionen (z.B. andere Mineralstaube, Schweillrauche)
bei der Entstehung von Lungenfunktionseinschrankungen.

Solche Studien sollten die standardisierte Messung der CO-Diffusion, des Atem-
wegswiderstandes und die Aufzeichnung der Fluss-Volumen-Kurven entsprechend
internationaler Qualitatskriterien beinhalten. Des Weiteren verdeutlicht die Metaana-
lyse die Notwendigkeit von zeitgemalen und international einheitlichen Lungenfunk-
tionssollwerten, um eine aktuelle Interpretation und einen Vergleich zwischen ver-

schiedenen Kollektiven zu ermoglichen.
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Bisherige Auswirkungen und Einflisse der Metaanalyse

Unter Federfuhrung der Deutschen Gesellschaft fur Arbeitsmedizin und Umweltmedi-
zin und der Deutschen Gesellschaft fur Pneumologie wurde in den Jahren 2008 -
2010 in einem Konsensusprozess unter der Schirmherrschaft der AWMF die S2k-
Leitlinie ,Diagnostik und Begutachtung Asbest-bedingter Berufskrankheiten“ entwic-

kelt (http://www.awmf.org/uploads/tx szleitlinien/002-

038m S2k Diagnostik und Bequtachtung asbestbedingter Berufskrankheiten 201

0-12.pdf ). Dabei flossen Teile dieser Arbeit in den Diskussionsprozess ein.

Entsprechend der heterogenen Datenlage der internationalen Literatur wurden die
Fragen der asbestbedingten obstruktiven Lungenfunktionsveranderungen sowie die
Moglichkeit relevanter Lungenfunktionseinschrankungen in Abwesenheit fassbarer
radiologischer Veranderungen kontrovers diskutiert. U.a. wird in der neuen S2k-
Leitlinie die Ergebnisse der Auswertung der vorliegenden Metaanalyse berucksichti-
gend die Mdglichkeit auch rein obstruktiver Ventilationsstérungen sowohl bei einer
Fibrose der Lunge als auch der Pleura visceralis explizit erwahnt. Ferner wird ange-
fuhrt, dass eine umschriebene Verminderung der Lungenfunktion auch ohne eine im
konventionellen Réntgenbild fassbare Veranderung als Expositionsfolge auftreten
kann. Insgesamt wird in der neuen Leitlinie im Vergleich zur friheren Begutach-
tungspraxis ein starker multimodaler Ansatz zur Diagnostik asbestbedingter Erkran-
kungen und der Bewertung ihrer Auswirkungen verfolgt. Gleichberechtigt sollen
demnach Anamnese, klinische Symptome, Lungenfunktionsveranderungen (Body-
plethysmographie und Diffusionskapazitatsmessung), Belastungsuntersuchung mit
Blutgasanalyse und Spiroergometrie und die aktuelle Therapie des Versicherten be-

rucksichtigt werden.
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