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of Alberta, Canada. These statements, which 

included sentinel topics central to the diagnosis 

and forensic assessment of asbestos-related respi­
ratory disease, were ranked independently by 

panel members using a modified Likert scale. 

Seven more statements were added during the 

Delphi process as a result of suggestions from the 

expert panel. A rigorous statistical method was 

used to quantitate the degree of consensus.

Outcome: Consensus was reached on 23 of the 
32 statements and formed the basis for this 

document. These statements included agree­
ment on the associations between asbestos ex­

posure and the development of radiographic 
pleural or parenchymal abnormalities, clinical 
associations between exposure based on a good 
environmental and occupational history and the 
development of disease, diagnostic utility of 

high-resolution CT scan of the chest, as well as 
increased risk of bronchogenic carcinoma and 
documented asbestos exposure even without 
documentation of asbestos fibers in respiratory 

tissue of the patient. Consensus was not at­
tained regarding nine statements; these state­
ments included questions of utility regarding 

chest radiographs and high-resolution CT scan 
of the chest, the relationship between asbestos 
exposure and pleural plaques, and the extent of 
risk for the development of lung cancer in the 
face of asbestos exposure.

Validation: Consensus opinions were re­
viewed by the authors, the ACCP Occupational 
and Environmental Medicine NetWork Steer­
ing Committee, the ACCP Health and Science 
Policy Committee, and the Executive Commit­
tee of the ACCP Board of Regents.

Sponsors: The ACCP and the Workers’ Com­
pensation Board of Alberta.

n 1986, the American Thoracic Society (ATS) 
published criteria for the diagnosis of asbestosis,1 

yet these criteria are not typically uniformly applied. 
There is disagreement regarding a number of the 
health issues associated with respiratory exposure to
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asbestos.2-3 Manuscripts showing diametrically oppo­
site conclusions regarding asbestos-related exposure 
and impairments can be identified easily. For exam­
ple, proponents of banning asbestos in all applica­
tions use peer-reviewed literature to buoy their 
arguments, yet others use objective data to support 
their opinion that the health risks of asbestos or

The questions were developed and revised for each round by the 
members of the working group as a whole. Drs. Shi and McLarty 
developed the Web site and the statistical analysis for each round. 
Drs. Banks, Shi, and McLarty wrote the manuscript with the 
approval of the members of the working group.
This work was performed at the Louisiana State University 
School of Medicine in Shreveport, LA. This project was commis­
sioned by the ACCP and can be considered an “official” project 
of this organization. The ACCP provided a number of neckties 
embroidered with the ACCP logo to be distributed to partici­
pants who served on the expert panel in this study.
The Workers’ Compensation Board of Alberta provided financial 
support of $25,000 to support the project. Vernon Lappi, MD, 
serves as the medical director of medical services at the Workers’ 
Compensation Board of Alberta, Canada. The Feist-Weiller 
Cancer Center of the Louisiana State University School of 
Medicine in Shreveport provided computer support for this 
project.
Several physicians who participated in the Delphi project on 
asbestos have cared for patients, offered legal consultation, 
and/or testified in medical legal matters regarding asbestos- 
related diseases. Dr. Banks has served as a consultant for both 
plaintiffs and defendants regarding the pulmonary health effects 
of occupational dust exposure. He has provided no legal consult­
ing regarding the health effects of asbestos exposure within the 
past 10 years. Dr. Cowl has evaluated and treated patients with 
asbestos-related lung disease but has not participated in any 
litigation or performed legal consulting work related to asbestos 
exposure or asbestos-related lung disease. Dr. Smith has evalu­
ated > 1,000 patients with asbestos exposure and > 150 patients 
with mesothelioma. He has served as a legal expert witness on 
multiple occasions, testifying primarily for defendants. He has 
authored articles and book chapters related to asbestos-related 
disease; his latest publication was in 2005. Most recently, he has 
evaluated patients with asbestos exposure primarily for forensic 
aspects of workers’ compensation systems in the northwestern 
United States. He has been a radiographic “B-reader” since 1980 
and has read multiple radiographs with pneumoconioses. Dr. 
Tarlo has served as a clinical consultant for patients referred by 
their physicians or by the Ontario Workplace Safety and Insur­
ance Board but has not been involved with litigation for asbestos- 
related diseases. Dr. Daroowalla has served as a clinical consul­
tant for patients referred by their physicians but has not been 
involved with litigation for asbestos-related diseases. Dr. Balmes 
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defendants, but primarily for plaintiff counsel, in the role of 
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the topic of asbestos exposure or related disease in the past 5 
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related fibers may be acceptable in certain situa­
tions.4-6 There is disagreement regarding whether 
asbestosis must be present to attribute lung cancer to 
an asbestos effect,7-8 how best to gauge the risk of 
asbestos-containing materials in schools and offic­
es,9-10 and if the presence of pleural plaques in­
creases lung cancer risk11-14 or whether other can­
cers outside of the respiratory tract are caused by 
asbestos exposure.15-16 Finally, there remains sub­
stantial disagreement as to whether a profusion score 
of International Labor Organization category 1/0 is 
sufficient to make the diagnosis of asbestosis. For 
example, in the most recent ATS statement,17 a 
“critical distinction is made between films that are 
suggestive but not presumptively diagnostic (0/1) 
and those that are presumptively diagnostic but not 
unequivocal (1/0).” Although some of these conclu­
sions may have little direct bearing on the under­
standing of the health effects of asbestos exposure, a 
more systematic approach to answering these and 
other questions may be more relevant to understand­
ing the risks associated with asbestos exposure and 
eventual administrative decisions reflecting equita­
ble compensation to affected patients.

The goal of this study was to address these prob­
lems and to assess the health effects of asbestos 
exposure using the Delphi framework of consensus 
assessment using knowledge extracted from experts. 
This method promotes the resolution of “disputed” 
topics by iteratively polling experts and providing 
sequential feedback to all panel participants regard­
ing the responses elicited from other experts. We 
hoped to draw consensus opinions regarding a vari­
ety of diagnostic, forensic, and administrative issues 
stemming from clarified statements associated with 
asbestos exposure health effects.

Drs. Banks, Shi, and McLarty prepared question­
naires and ^-tested questions with their colleagues; 
they identified the panel of experts, built a project 
Web site, collected and undertook the statistical 
analysis of gathered data, and produced the docu­
ments after each round. In effect, they provided the 
leadership for the consensus statement project. The 
remainder of the authors served as an advisory 
committee to develop all aspects of the question­
naire, review results, change or develop new ques­
tions for each round based on the available data, and 
contribute to and edit the manuscript.

Materials and Methods

The Delphi Technique

An interactive technique known as the Delphi method is one 
systematic approach to maximize areas of agreement and mini­
mize the areas of disagreement regarding fundamental beliefs or
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assumptions regarding the role of asbestos exposure and how it 
affects respiratory health. Consensus among experts is a central 
assumption of Delphi methodology. This approach is employed 
for problems that are difficult to solve with conventional tech- 
niques.18-23 The Delphi method helps structure communication 
in a way that allows a group of individuals to deal with a complex 
problem by identifying consensus. It is a systematic process that 
can be clearly documented and involves a series of questions 
designed by a monitor group. The questions can be sent by e-mail 
in several rounds to a respondent group of experts who remain 
anonymous from one another. The anonymity of answers allows 
Delphi participants to express their personal views without 
face-to-face peer pressure. This method is particularly useful for 
topics on which there are strong differences of opinion or when 
high levels of uncertainty are present.

After each round, the results are summarized and assessed, 
then used to develop a questionnaire for the next round at which 
time ah participants are asked to weigh in again. This forces 
experts to consider group opinion. The assessment document and 
revised questionnaire with supporting evidence (if available) is 
then sent out again to all who responded. A Delphi survey is 
considered complete when a convergence of opinion occurs or 
when a point of diminishing returns is reached. The reliability of 
the Delphi method depends largely on the selection of panel 
members, the size of the group, and the number of rounds.18

In the Delphi process utilized in this study, we first identified 
members of an international expert panel in an unbiased manner, 
described later. Key issues in asbestos-related diseases were then 
collected and reviewed for content and style by the American 
College of Chest Physicians (ACCP) Occupational and Environ­
mental NetWork steering committee. Key issues identified by the 
committee were then presented as a survey to the expert panel 
through e-mail or internet Web pages. A total of 32 statements 
were evaluated by the expert panel. Each statement was ranked 
on a Likert scale by each panel member. An 11-category scale 
ranged from 0 (strong disagreement) through 10 (strong agree­
ment), with a score of 5 indicating no opinion or not enough 
information to judge. A panel member was given the option of 
not weighing in on an issue if that topic was outside his or her 
respective area of expertise. Also, panelists were encouraged to 
supply references and other information in support of their 
opinion for each question. Results were compiled for each 
question and a quantitative measure of consensus (described in 
the next section) applied. The results were then distributed to the 
expert panelists and the ACCP steering committee. All informa­
tion was maintained on the Web site developed for this protocol 
(http://www.sh.lsuhsc.edu/medicine/delphi/). The issues for 
which consensus of opinion were not reached were returned to 
the expert panelists, this time with the compiled results and 
supportive evidence. This process was repeated for three rounds. 
Some questions were modified for clarity in the second round, 
and some new questions were added after the first round. This 
proposal was submitted to and approved by the Louisiana State 
University School of Medicine Institutional Review Board.

Statistical Definition of Consensus

Various methods of consensus have been utilized in other 
Delphi studies, including one concerning pulmonary disease.24 
However, many of the methods are not statistically rigorous. We 
developed a statistically based definition of consensus and degree 
of consensus, based on probabilities (p value) and interquartile 
range (IQR). The Wilcoxon signed rank test was used to test the 
null hypothesis that there was an even distribution of scores 
throughout the range. Four degrees of consensus were defined: 
very good, p < 0.05 and IQR < 2; good, p < 0.05 and IQR < 3; 
some, p < 0.05 and IQR < 4; and none, p > 0.05 or IQR > 4.
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Table 3—Statements Without Expert Panel Consensus

Statement No. Statement Median IQR p Value

1 A heavy asbestos exposure (sufficient to cause asbestosis) with sufficient latency is 
necessary to establish asbestos exposure as causative for lung cancer (clarified 
from round 1)

2.5 7 0.0994

2 The extent of asbestos exposure correlates with the presence and extent of 
pleural abnormalities

6 4 0.325

3 A reasonable scheme can be developed to apportion the individual attributability 
of smoking and exposure in a cigarette smoking asbestos-exposed worker with 
lung cancer

5 5 0.5907

4 A decline in small airway flow rates in a nonsmoker can be attributed to asbestos 
exposure

6 6.5 0.7637

5 BAL is a technique for accurately establishing lung fiber burden 5 4 0.252
6 CT scanning of the chest should be used to screen populations at risk for 

asbestos-related diseases
5 3 0.2445

7 There should be initiatives to develop protocols to attempt therapy for asbestosis 5 5 0.0209
8 Nonsmoking workers with significant asbestos exposure (without asbestosis) have 

at least double the risk of bronchogenic carcinoma compared to nonsmoking 
workers with low-level exposure

7.5 4 0.0609

9 Workers who smoke cigarettes and have significant asbestos exposure (without 
asbestosis) have at least double the risk of bronchogenic carcinoma compared 
to nonexposed smokers

9 5 0.0031

detail and concluded that lung cancer risk is not 
elevated among individuals with asbestos-related 
pleural plaques in the absence of asbestosis.

Issues that remain contentious generally fit into 
the following several categories: the value of HRCT 
scanning for screening; the feasibility of protocols for 
therapy of asbestosis; pleural changes related to 
asbestos exposure; and the issue of attributable risk 
for lung cancer due to smoking or asbestos exposure. 
Of these statements, only one is addressed in the 
second ATS report. Data were cited showing that 
large studies of workers with pleural plaques had 
approximately a 5% mean decline in FVC compared 
to asbestos workers without pleural plaques. In this 
report, the experts concluded that the presence of 
pleural plaques did not decrease lung function to a 
significant extent.

We suggest that the conclusions reported in Ta­
bles 1 and 2 are reasonable and can form a starting 
point of agreement on the issues regarding the 
health effects of asbestos exposure. We suggest that 
there is uniform agreement with the conclusions 
presented in the first ATS statement1 regarding the 
diagnosis of nonmalignant respiratory disease attrib­
utable to asbestos exposure.

We suggest that issues regarding asbestos-related 
pulmonary disease that failed to achieve consensus 
by the expert panel include the following: the value 
of HRCT scanning for screening; the feasibility of 
protocols for therapy for asbestosis; pleural changes 
related to asbestos exposure; the recognition that a 
decline in small airway expiratory flow rates in a 
nonsmoker without asbestosis or COPD cannot be

reliably attributed to asbestos exposure; and the issue 
of attributable risk for lung cancer due to smoking or 
asbestos exposure. In our group of questions without 
consensus, a median score at or near the midpoint of 
the Likert scale, in this instance a score of 5, implies 
that the experts were unable to either agree or 
disagree, perhaps in some instances due to the 
recognition that insufficient information was avail­
able to make an informed decision.

Of particular interest is the failure of experts to 
agree on whether asbestos exposure or asbestosis is 
the cause of the increased risk of lung cancer in 
asbestos workers. To begin, the facts that most 
asbestos-associated cancers occur in those who are 
cigarette smokers, that smoking represents the stron­
gest identifiable lung cancer risk among many oth­
ers, and the fact that lung cancer is a relatively 
common malignancy in industrialized societies make 
an analysis of the relationship between smoking and 
asbestos exposure complex.26 The arguments were 
initially framed by Mereweather,27 who showed that 
lung cancer occurred in 35 of 235 of deaths in which 
the persons were autopsied (13.2%) where asbestosis 
was identified. In 1955, the first mortality study of a 
cohort of asbestos-exposed workers showed that 
among 105 deaths, lung cancer was found in 18 
instances, 15 times in association with asbestosis. In 
the three instances without asbestosis, the latency 
periods were 2, 12, and 11 years.28 Conclusions from 
these and other reports were crystallized by 
Browne,29 who reported there was sufficient evi­
dence to justify the hypothesis that lung cancer in 
asbestos-exposed workers was due to asbestosis and
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Figure 1. The progression of agreement after three Delphi rounds on the statement “Chest radiographs are a sensitive method to 
diagnose interstitial disease attributable to asbestos exposure.” Possible opinion ratings range from 0 (strongly disagree) to 5 (no opinion) 
to 10 (strongly agree). After three rounds, the median score was 2; the IQR, 3; and the p value 0.001. The expert panel consensus was 
to disagree with this statement.

not asbestos exposure per se. A metaanalysis by 
Weiss30 provided support for this hypothesis. Yet, 
because few studies cited by Weiss were designed to 
test the interaction among asbestos exposure, asbes- 
tosis, and lung cancer, these studies could be rea­
sonably criticized.31 Overall, the great majority of 
surveys that have serially evaluated sufficiently ex­
posed populations over an adequate time have shown 
that both asbestosis and lung cancer occur at a rate 
commensurate with exposures, making separation of 
the duration of exposure and the development of 
clinically recognizable disease difficult.

The Delphi process used for this consensus doc­
ument was unique in at least three ways, as follows: 
the selection of the expert panel was done in an 
objective manner based on clinically relevant publi­
cations using the extensive online database of the 
National Library of Medicine, PubMed; the survey 
was conducted via the internet using e-mail and a 
Web site; and a statistical definition of consensus was 
developed and used to minimize subjectivity in the 
interpretation of results. The use of the World Wide 
Web and e-mail in this context is novel and adds

www.chestjournal.org

considerable power to the technique by eliminating 
the need for face-to-face expert panels. The study 
was conducted internationally, with very little cost. 
Finally, to our knowledge, a quantitative statistical 
method of interpreting consensus has not been used 
in previous applications.

Because the diagnosis of asbestos-related disease 
is complex and often contentious, we believed it 
imperative to make the process used in this research 
as transparent as possible. To this end, all of the 
original data, including questions, voting results and 
analysis, expert panel comments, and recommended 
references are available on the Web site for all three 
rounds of voting. In addition to providing openness 
regarding this approach, we hope that making our 
process so readily available will encourage other 
investigators to consider using the Delphi process in 
their research. The Web site address is http://www. 
sh.lsuhsc.edu/medicine/delphi.

Limitations of the study included the potential for 
nonresponse bias. The expertise of the panel mem­
bers is without question, and the mixture of experts 
from different countries and backgrounds seemed
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appropriate. However, it is not possible to judge how 
a different pool of experts would have judged the 
issues. It is possible that face-to-face discussions 
might also have achieved different results. It is 
possible that more iterations of the Delphi process 
may have achieved a consensus of opinions on all of 
the statements, but it would have been impractical to 
do so. Furthermore, some experts were excluded 
because of their lack of an e-mail address or our 
inability to locate their e-mail address. We are not 
certain whether this could affect the outcome of the 
questions that were posed.

Conclusion

Consensual, independent, and qualitative assess­
ment of clinical topics associated with the health 
affects of asbestos exposure was utilized after iden­
tifying international experts. The Delphi method was 
employed to provide a systematic approach to 
achieve consensus on disputed issues in asbestos- 
related disease. Questions of interest still remain 
unresolved and indicate areas for future research.

ACKNOWLEDGMENT: We acknowledge the important con­
tributions of our expert panel and thank them for their partici­
pation.

Appendix

The following experts agreed to be recognized: Nabil Al Jarad, 
PhD, Bristol Royal Infirmary, Bristol, UK; Jacques Ameille, MD, 
Versailles University, Garches, France; Alex Burdorf, PhD, Eras­
mus MC, University Medical Center, Rotterdam, the Nether­
lands; Edmond Chailleux, MD, Centre Hospitalier Universitaire 
de Nantes, Nantes, France; Andrew Churg, MD, University of 
British Columbia, Vancouver, BC, Canada; Mark R. Cullen, MD, 
Yale University School of Medicine, New Haven, CT; Paul De 
Vuyst, MD, PhD, University Libre de Bruxelles, Brussels, Bel­
gium; Murray M. Finkelstein, PhD, MD, Ontario Ministry of 
Labour, Toronto, ON, Canada; Kirsti Husgafvel-Pursiainen, 
PhD, Finnish Institute of Occupational Health, Helsinki, Fin­
land; Matti S. Huuskonen, MD, Finnish Institute of Occupational 
Health, Helsinki, Finland; Bengt Jarvholm, MD, PhD, Umea 
University, Umea, Sweden; David W. Kamp, MD, Northwestern 
University Feinberg School of Medicine, Chicago, IL; James 
Leigh, MBBS, MD, PhD, MSc, MA, School of Public Health, 
University of Sydney, Sydney, NSW, Australia; Jeffrey L. Levin, 
MD, MSPH, The University of Texas Health Science Center at 
Tyler, Tyler, TX; Robert N. Jones, MD, Tulane University School 
of Medicine, New Orleans, LA; Silvano Neri, MD, Catania 
University Polytechnic, Catania, Italy; Jean-Claude Pairon, MD, 
PhD, Centre Hospitalier Intercommunal de Creteil, Creteil, 
France; Kirsti Husgafvel-Pursiainen, PhD, Finnish Institute of 
Occupational Health, Helsinki, Finland; William N. Rom, MD, 
MPH, New York University School of Medicine, New York, NY; 
Joachim Schneider, Dr Med, der Justus-Liebig Universitat, Gei- 
ssen, Germany; and Xiaorong Wang, PhD, The Chinese Univer­
sity of Hong Kong, Hong Kong, People’s Republic of China.
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