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Non-occupational exposure to asbestos and risk of
pleural mesothelioma: review and meta-analysis

Gary M Marsh,"? Alexander S Riordan,” Kara A Keeton, Stacey M Benson?

ABSTRACT

Objective To conduct an updated literature review
and meta-analysis of studies of pleural malignant
mesotheltoma (PMM) risk among persons exposed

to asbestos non-occupationally (household and
neighbourhood)

Methods We performed a fiterature search for articles
avallable in the National Center for Biotechnology
Information's PubMed database published between
1967 and 2016 Meta-analyses were conducted to
calculate pooled PMM risk estimates, stratifying for
household or neighbourhood exposure to asbestos and/
or predominant asbestos fibre type (chrysotile, amphibole
or mixed)

Results Eighteen studies in 12 countries comprising
665 cases met the meta-analysis inclusion critena We
identified 13 estimates of PMM risk from neighbourhood
exposures, 10 from household and one from mixed
exposure, and combined the estimates using random-
effects models The overall meta-relative risk (meta-
RR)was 5 9(95% (1 4 4 to 8 7) The meta-RRs for
household and neighbourhood exposures were 5 4
(95% C12610112)and 6 9(95% Cl4 210 11 4),
respectively We observed trends In risk in relation

to fibre type for both household and neighbourhood
studies For chrysotile, mixed and amphibole fibres,
respectively, meta-RRs for neighbourhood studies were
38(95% Ci041t0384),84(95% Cl47to 149 and
21 1(95% Ct 5.3 to 84 5) and meta-RRs for household
studies were 4 0 (95% CI081t0 18 8),53(95% Cl 19
to 150)and 21 1 (95% Cl 2 8to 156 0)

Conclusions PMM risks from non-occupational
asbestos exposure are consistent with the fibre-type
potency response observed In occupational settings

By relating our findings to knowledge of exposure-
respanse relationships in occipational settings, we can
better evaluate PMM risks in communities with ambient
asbestos exposures from industrial or other sources

INTRODUCTION
Asbestos 15 a hbious hvdrated magnesium silicate
used extensively m building materials and isulaton
during the 20th century because of 1ts indestructible
nature, fire resistance and spmnability. Approxi-
mately 95% of world consumpuon has been chrys-
otile, a serpentine form of asbestos. Amphibole 15
the other asbestos fibre group comprising several
types: amosite, crocidolite, anthophylhre, actinolite
and tremolite. Exposure to asbestos can increase
the nisk of pleural malignant mesothehioma (PMM)
and these risks appear to be considerably higher for
amphiboles compared with chrysotle fibres.' ’
The mcreased PMM risks from occupational
exposure to asbestos are well known. Some
studies have shown that non-occupational (or

» It is well known that both occupational
and non-occupational asbestos exposures,
particularly amphibole asbestos, can increase
the risk of pleural malignant mesothelioma
(PMM). Earlier studies evaluating the risk
of PMM due to non-occupational exposures
observed elevated risks of PMM even though
these exposures are generally much lower
and more variable than occupational asbestos
exposures. One previous meta-analysis of
non-occupational asbestas exposures and PMM
risk published in 2000 observed statistically
significant risks that appeared dependent on
fibre type. However, only eight studies were
included i the original investigation published
17 years ago.

» Our updated review and meta-analysis
included more than twice as many studies as
the 2000 publication {n=18). We confirmed
that non-occupational exposures to asbestos
fibres are associated with an increased risk of
PMM (household=5.4 (95% Cl 2.6 to 11.2);
neighbourhood=6.9 (35% (1 4.2 to0 11.4)). Our
updated meta-analyses also confirmed a fibre-
type potency response for non-occupational
exposures that is similar to the relationship
observed in occupational settings.

» This study demonstrates more precisely a
fibre-type potency response consistent with
investigations of occupational asbestos
exposures. By relating our fibre-type potency
response findings to our knowledge of
exposure-response relationships estimated
in the occupational settings, we can better
evaluate the risk of PMM in communities with
ambient asbestos exposures from industrial or
other sources.

environmental) exposures increase the rish of
PMM m the general population. Two main types
of non-occupational asbestos exposure are distin-
gwshed houschold (or domestic) and neigh-
bourhood (ot residential) exposure. Houschold
exposures include the nstallanon, degradaton,
removal, or repan of asbestos-containing products
Moreover, household exposures include para-oc-
cupational exposures, which are those exposures
taken home by asbestos workers or due to the use of
ashestos-containing tools and products in the home,
Newghbourhood exposures result from outside an
pollution and include mdustrial emissions, natural
outcroppings, or crosion of ashestos-contaiming
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butlding materials. Non-occupational asbestos exposures are
usually much lower and more variable than exposures expen-
enced by workers manufacturing or using products made with
asbestos.*

Compared with studies of persons exposed to asbestos occu-
panonally, relatively few studies have evaluated the relationship
between non-occupational asbestos exposures and the risk of
PMM. Numerous occupational and non-occupanional studies,
however, have evaluated the differental risk of PMM relative to
fibre type. As early as 1972, the Occupational Safety and Health
Admimistration (OSHA) indicated that chrysoule fibres wete less
harmful than crocidolite.” Hodgson and Darnton® conducted a
systematic literature review that evaluated the quantitative sk of
mesothelioma and lung cancer 1 relation to asbestos exposure.
Bascd on occupational cohorts, the authors determined that the
risk of mesotheltoma due to exposure from chrysotile, amosite
and crocidolite followed a 1 to 100 to 500 rauig, respectively. An
updated analysis, which included additional studies, confirmed
fibre potency differences associated with mesothelioma risk.” A
meta-analysis of occupanional studies, conducted by Berman and
Crump,' evaluared fibre-type potency with regard to mesothe-
lioma and found that chrysonle was between 0 and 1/200th as
potent as amphibole asbestos.!

Bourdes et al' presented a literature review and meta-anal-
ysis by asbestos fibre type of the non-occupational studies of
PMM risk available around the turn of this century. Two of the
eight studies 1dentified, published between 1965 and 1998 in
six difterent countries, spectfically investigated asbestos expo-
sures assoctated with the Eternit asbestos cement factory located
m Casale Monferrato, Italy® 7 The remaming studies were
conducted worldwide and considered exposures to pure chryso-
ule, pure amphibole, mixed or unspectfied fibre types.

The Bourdes et al' meta-analyses produced PMM risk effect
estimates for neighbourhood and household asbestos exposures,
respectively, that ranged from 1.5-4.0 tor chrysotile, 6.7-8 2 for
mixed or unspecified exposures, and 8.7-21.0 for amphiboles
exposurcs. While the assessment of non-occupational asbestos
exposures was generally less reliable than occupational expo-
sure assessments, the results of the Bourdes ez al* meta-analyses
cleatly supported the well known gradient in PMM risk by tibre
type, or potency response, observed in the occupanonal scudics.

Since the Bourdes et al* review in 2000, several new and
updated studtes have evaluated PMM risk by fibre type among
persons exposed to asbestos non-occupationally. We conducted
an updated literature review and meta-analysis aimed art
providing more reliable overall estimates of PMM nisks n rela-
tion to fibre type and non-occupational asbestos exposures. We
report here the results of our updated and extended evaluation.

METHODS

Literature search

We conducted chus study using the Preferred Reportung Irems
for Systematic Reviews and Meta-Apalysis (PRISMA) and
the Meta-analysis of Observational Studies in Epidemiology
(MOOSE) guidelmes.* * We performed a literature search for
articles available 1n the National Center tor Biotechnology
Information’s (NCBI) PubMed database published between
1967 and 2016 using the following keywords: asbestos, environ-
mental exposure, household exposure, neighborhood exposure,
para-occupational exposure, mesothelioma and pleural mesothe-
lioma. We conducted the literature search using the following
operators. ({{({{(houschold exposure) OR neighborhood expo-
sure) OR para occupational exposure) OR environmental

exposure)) AND ((asbestos) AND (((pleural mesothelioma) OR

mesothelioma) OR peritoneal mesothelioma)). Addinonally, we

systematically searched the reference lists of all studies identified

i our Literature review, as well as published review papers and

meta-analyses, 1n order to identify relevant studies not captured

in the primary literature search. All abstracts and arucles wete
reviewed by at least two scientists to determine 1f inclusion
critera were met.

We selected studies based on the following criteria
1. Only published studies avatlable in English.

Descriptive and analytical epidemiological studies, including
ecological, case-control and cohort studies, were considered
tor mclusion. Case reports and case sertes were excluded

3. The medical conditton of meerest was dettned as mesothe-
homa (idenufied as ‘pleural mesothelioma’™ or ‘mesothe-
lioma’). Only studies that reported incidence and mortality
outcomes of mesothelioma were included. Studies were
excluded if the results were reported for peritoneal meso-
thelioma only or for pleural and peritoneal mesothelioma
combtned.

4 Exposures of interest were defined as non-occupational or
environmental ashestos exposures (identified as ‘enviton-
mental exposure’), which mcluded household or domestic
exposure (dennfied as ‘household exposure’ or ‘para
occupational exposure’) and neighbourhood or residenual
exposure (identtied as ‘neighborhood exposure’). House-
hold exposures included asbestos exposures from products
contained within the home, or due to exposures associated
with take-home asbestos from family members who poten-
tially brought dust containing asbestos home from their jobs
on therr clothing, Neighbourhood exposures were associated
with living in close proximity to industrial or environmental
sources that released asbestos fibres into the air. The expo-
sure descriptions provided by the authors of the included
studies were used to categorise reported effect estmates
mto nesghbourhood and household exposutes. Studies wete
excluded 1if the study subjects had definitive occupational
exposure or if occupational exposure was uncertain.

5. If there were muluple studies with the same or overlapping
populations, only the most recent study was considered for
incluston m the meta-analysis.

6. Only studies that reported effect estimates or provided
data that enabled the calculation of an effect estimate were
constdered for inclusion in this evaluation.

For all studies that met the above inclusion critenia, the
following data were extracted. first author, publicauon vear,
study design, study location, outcome classification, asbestos
exposure type and sources of exposure, the predominant
asbestos fibre type, sex of the exposed subjects, number of cases
and effect estimates (relative risk (RR), odds rauo (OR), stan-
dardised mortality rano (SMR), standardised incidence rano
(SIR) and variance or confidence interval (CI}) for each relevant
exposure group (table 1)

Meta-analysis

Meta-analyses were performed to calculate pooled risk esti-
mates, specifically stratnfying for (1) household or neighbour-
hood exposure to asbestos, (2) predominant asbestos fibre
type of the exposure (amphibole, chrysoule or mixed) and (3)
asbestos fibre type by houschold and neighbourhood exposure
The unspecified fibre type studies were only used n the anal-
ysis of all studies combined. In five of the publications that met
the nclusion criteria, we manually calculated crude (unadjusted)
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Table 1 Studies on non-occupational exposure and pleural mesothelioma
Effect estimate
Authors Year Country Outcome Exposure type Source of exposure Fibre type Sex Cases (n)  {95%Cl)
Ecological studtes
Camus etal'® 1998 Canada Mortality Neighbourhood Asbestos mines or mills Chrysotile F 7 SMR=76(31t0157)*
Fazzo et af”! 2014 ltaly incidence  Neighbourhood Industrial—asbestos processing plant Unspecified M+F 30 SIR=17(1.11t02.4)
Mensi et af2 2015 ltaly Incidence Household Industrial—asbestos processing plant Mixed M 5 SR=20(0.7t047)
Neighbourhood M+F 72 SIR=66(5.2t0 8 3)
Metintas et af'7 2002 Turkey incidence Neaghbourhood Geologcal Mixed M+F 24 SIR=87.0 (325 t0 233.0)t
Case-control studies
McDonald and 1980 Canada/USA Incidence Household Industrial—asbestos processing plant Chrysotile M+F 8 OR=4.0{08to 18 8)%
McDonald™® Neighbourhood Asbestos mines or mills M+F i OR=02(0.02 to 2 2)%
Madkour et a"! 2009 Egypt Incidence Neighbourhood Industrial—asbestos processing plant Chrysotile M+F 83 OR=26 7 (57 to 581 O}t
Lacourt et af*® 2014 France Incidence Mixed non-occupational  Unspecifiedivarious Chrysotile M+F 22 OR=3.8(1.6108 9t
Maule et a/*® 2007 ltaly Incidence Household Industrial-—asbestos processing plant Mixed M+F 75 OR=18(1.1t02 8}
Neighbourhood M+F 60 OR=61 (3610 105)t
Ferrante et 2/ 2016 Italy Incidence Household Industrial-—asbestos processing plant Mixed M+F 33 OR=24(131w44)
Luce et 3l 2000 New Caledonta Incidence Neighbourhood Geologtcal Tremolite Unspecified 14 OR=409 (52 t03250)
Yazicioghu et al'? 1980 Turkey Incidence Household Gevlogical Tremolite M+F 22 RR=211(281to 156 )t
Newhouse and 1965 UK Incidence Household Unspecified/vanious Mixed M+F 7 OR=257(30to0 220 0)¢
Thompson'® Neighbourhood Industrial—asbestos processing plant M+F 11 OR=55(17t0173)
Howel et al"® 1997 UK Mortality ~ Household Industrial—asbestos processing plant Unspeafied  M+F 17 OR=58(1.7t0192)
Neighbourhood M+F 5 OR=6.6 (0.9 to 50 0}
Magnani et af*® 2000 Vanous (ltaly, Span, Incidence Household Unspecified/various Unspecified M+F 30 OR=37(16t087)t
Switzerland) Neighbourhood M+F 25 OR=86 (1 7to 42 2)t
Cohort studies
Hansen et af'* 1998 Australia Incidence Neighbourhood Asbestos mines or mills Crocidolite M+F 27 SIR=123 (1910 79 8)t%
Magnani et al® 7993 ftaly Mortality Household Industnal—asbestos processing plant Mixed F 32 SMR=77{161t021.9)
Ferrante et af”’ 2007 Italy Incidence Household Industrial-—asbestos processing plant Mixed 3 n SIR=252 (12 6 t0 45.1)
Morality
Kurumatani and 2008 Japan Mortality Neighbourhood Industrial—asbestos processing plant Mixed M+F 73 SMR=4.3 (3.4 10 5.4)

Kumagar’™®

*Disease was specified as pleural cancer or as a pleural tumour

tEffect estimates were combined together using DerStmonian and Laird random effects models

1518

#Crude (unadjusted) effect estmates and/or 95% Cls were calculated from the raw data provided in the study Technical details provided in online supplementary appendix
ftahicised studies were included in Bourdes et af* meta-analyss
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Figure 1

Flow diagram for included studies

effect esumates and corresponding Cls using data provided n
the corresponding manuscript ' The Appendix provides tech-
nical details of the data extraction and calculations performed to
generate these estimates manually. In instances where more than
one cffect estmate was provided per stratification of mnterest
(eg, separate estmates for men and women), but the predom-
mant hbre type exposure was the same, effect estimates were
combined together using Der Stmonian and Laird random effects
models’ ' to determine an overall effect estumate.

Upon the extraction or dertvaton of all eftect estimates and
Cls from included publications, we performed fixed effects
meta-analyses and the corresponding I tests to assess the homo-
geneity of effect esumates from the studies. DerSimoman and
Laird random effects models were subsequently performed on all
werations or stratifications described above.” ' The mera-anal-
vses results are reported as meta-RR with corresponding
95% CI. Funnel plots were also created to evaluate the potenual
ot publication bias. All staustical analyses were performed using
StataMP V.14 (StataCorp, College Station, Texas, USA).

RESULTS

Literature search

Our PubMed literature search returned 1795 results (figure 1).
Numerous seat ch resules were excluded because they did not meet
the mitial 1nclusion criteria: 314 research articles were written
m languages other than Enghsh, 83 studies were conducted on
experimental ammals, 408 artcles were commentaries, which
included opinion letters and letters to the editor, and case series
or cast reports. When himining the disease outcome to pleural
mesothchioma, 797 studies were excluded. Limuing to non-oc-
cupational exposure excluded an additional 151 studies. Of the
resulting 42 studies, 18 descriptive epidenuology studies were

5w ti

excluded. Cohorts were then lmited to the most recent study,
yielding 16 studies. Furthermore, 99 review aiticles were 1den-
tfied, specific to non-occupational exposures 1o asbestos. Two
additional arucles that speafically discussed PMM and met
the rest of the inclusion criteria were refercnced in the review
articles.

Uloimately, 18 studies in 12 countries comprising 665 cases
met the criterta for incluston 1 the meta-analysis (table 1). Ot
these 18 studies, 11 reported eftect estimates for PPM with erther
household or neighbourhood exposure. There were four ecolog-
1cal studies, 10 case-control studies and four cohort studies, S1x
papers reported effect estimates for both household and neigh-
bourhood exposures, while one paper reported an effect esti-
mate for a mixed non-occupanonal exposuie. Overall, 24 effects
estimates were reported, 13 due to neighbourhood exposures,
10 duc to houschold cxposures and one for mixed non-occupa-
tional exposures. Overall effect estimates ranged from an OR of
0.2 (95% C10.02 to 2.2) tor neighbourhood exposures to chrvs-
otile'® to an SIR of 87.0 (95% CI 32.5 t0 233.0) for neighbour-
hood exposures to geological sources of mixed asbestos fibres 7
Four of the reported effect estimates were not statistically signif-
1cant. Only seven studies provided effect estimates for the risk
of mesothelioma due to pure fibre exposures, with the majority
being studies of mixed or unspecified fibre type.

Comparison ta Bourdes et al.* Literature Search Results
The previous meta-analysis conducted by Bourdes ef al* included
67101213 18-20 .
cight papers. Since the initial meta-analysis, 10 addi-
S
tional studies't 7 178 and one updare of a previously cvaluated
cohort®® have been published that examuned the risk of PMM
following environmental exposure to asbestos. The overlapping
studies cluded m Bourdes et al* and the current analysis are

Marsh GM, et al Occup Environ Med 2017,74 838-846 doi 10 1136/0emed-2017-104383 841



Table 2 Random effects meta-analyses by asbestos exposure type and by fibre type

Neighbourhood exposure

Household exposure

N Meta-RR 95%Cl N Meta-RR 95%Cl
Al studies® 13 6.9 42t 1.4 10 5.4 2610112
Fibre type
Chiysotrle 3 38 0410384 1t 40 0.81018.8
Mixed 6 84 4710149 6 53 191150
Amphibole 2 211 5310845 1t 211 2810 156.0

*In fe of the publications, data reported i the manuscript were used to calculate erude (unadjusted) effect estimates and Cls See online supplementary appendix for technical

details

1As reported by the sole study per category, Yazicioglu et al'* and McDonald and McDonald *
Note Of the total 24 effect estimates included in this manuscript, 23 are presented in this table as one estimate pertained to a mix of both neighbourhood and household

exposures

ialicised 1 table 1. Botha et af,?* which was included n the
earhier meta-analysis, was excluded from our analysis because
the reported number of deaths from PMM and asbestosis could
not be distingmshed. Addittonally, one stady'* was meluded 1n
our meta-analysis, as it evaluated PMM due to neighbourhood
exposure, but was not included 1n the Bourdes er al* meta-anal-
ysis. When accounning for the hve studies'™* where reported
data were used to estimate risks and 95% CI, our calculations
weie consistent with those reported by Bourdes et al,’ except
for those calculated from the data reported in Newhouse and
Thompson."* Here, our calculated OR was similar, but the
9506 Cl was larger than that reported 1 Bourdes et al.?

Meta-analysis

Table 2 presents results of the random effects meta-analyses
models and corresponding 95% Cls, by neighbourhood or
household exposure type, fibre type, and neighbourhood or
household exposure and fibre type concomutantly. When fixed
effects models were run on all subgroups, only two subgroups
failed to reject the null hypothesis of homogeneous effect esu-
mates used from the studies: amphibole total and neighbour-
hood amplhubole, both of which demonstrated an I* of 0 and
p-values of 0.70 and 0.40, respectively Of note, the results of
the random effects analyses on these two subgroups were not
markedly different from those found under fixed-effects models.
In all other instances, the hindings of fixed-effects models demon-
strated p-values <0.0001 for an I? test, indicanve of heteroge-
neity Therefore, to account for hetcrogeneity demonstrated
across the strata, we present results from our random effects
models exclusively. Forest plots were generated to graphically
represent the meta-RR, varability and heterogeneity of those
stuches by type of exposure (figure 2).

When we considered effect esnmates from all studies (n=24),
the meta-RR was 5.9 and staustically significant (95%CI 4 1 to
8 7). However, because household exposures are generally not
equvalent to neighbourhood exposures, the remaming analysis
considered these two exposure scenartos separately {excluding
one study that had mixed neighbourhood and environmental
exposures combined).”> When stratified by asbestos exposure
type, the meta-RR for honsehold exposure was 5.4 and stansti-
cally significant (959%CI 2.6 to 11.2). The meta-RR for neigh-
bouthood exposure was shightly higher (6.9) and staustically
significant (959 Cl 4.2 to 11.4) (figurc 2). We observed sumilar
trends in asbestos fibre-type potency in relation to PMM risk
tor both household and neighbourhood studies (table 2). For
household exposure studies with mixed fibre type, the random
effects meta-RR was 5.3 and statisnically sigmhicant (95%CIH 19
to 15.0). Only one etfect estumate was available for houschold

studies with chrysoulc or amphibole exposure, precluding the
calculation of a meta-RR for these subgroups. For compara-
tive purposes, we reported results from each of these studies
table 2 (Amphibole: as reported 1w Yazicloglu et al'*; OR=21.1
(959 CI 2.8 to 156.0); Chrysotile: as reported in McDonald
and McDonald'®. OR=4.0 (95% CI 0.8 to 18.8)). For neigh-
bourhood studies, the meta-RR for muxed fibre exposure was
8.4 (95% CI 4.7 to 14 9); the meta-RR for chrysotile exposure
was 3.8 (95% CI 0.4 to 38.4); and the meta-RR for amphibole
exposure was 21 1 (95% C1 5.3 to 84.5).

DISCUSSION
Overall, the results of vur updated meta-analysis demonstrated
that non-occupational exposure to asbestos fibres 15 associated
with mncreased PMM risk. The risk of PMM between household
exposures and neighbourhood exposures was comparable with
an cvaluation of all studies demonstraung a stanstically sigmfi-
cant increased risk of PMM (meta-RR=35.9; 95%CI 4.1 t0 8.7).
However, there was a pronounced effect of fibre type on the
meta-risk estimates. For neighbourhood and household expo-
sures, respectively, exposure to amphibole fibies alone had a
meta-RR of PMM 2.5-3.2 umes greater than those exposed to
mixed fibres, and 5.3-5.6 times greater than those cxposed to
chrysotile fibres alone

While our meta-RRs for PMM aie generally consistent with
those observed in the earlier literature 1eview and meta-analysis
of Bourdes er al,* the variability assoctated with our estimates was
stmular or even greater for some subgroups considered, despite
having included more than twice as many scudies overall. These
instances of mncreased varability are due to the heterogenerty of
the effect estumates associated with the studies included m our
update. These studies were conducted on populations located
worldwide, and several difterent potential sources of asbestos
were tncluded: asbestos cement plants, asbestos textile facilities,
ashestos mmes and mills, and naturally occurring geological
sources. The subpopulations evaluated also varied, with some
studies including only men or women and some mcluding both
Depending on fibre type, the range in the reported risks of PMM
in the individual studies was quite large For chrysotile-specific
exposures the risk ranged from OR=0.2 (95% CI 0.02 to 2.2)*"
to OR=26.7 (95% CI 5.7 to 581.0)."" Mixed fibre exposures
reported PMM risks that ranged from OR=18 (95% CI 11
to 2.8)* to SIR=87.0 (95% CI 325 to 233 0)." There was
roughly a threefold increased risk of PMM for amphibole expo-
sures between the lowest (SIR=12.3; 95%Cl 1.9 to0 79.8)"* and
highest reported estimates (OR=40.9; 95%CI 5.2 to 325.0).%
Moreover, a potential Itmitation 15 the inclusion of seven crude
(unadjusted) effect estumnares, which could have led to the large
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Figure 2

range of reporred effect estmates of PMM observed between
studies.

Additional sources of the heterogeneity in meta-RRs include
the overall mixture of asbestos fibre exposures and exposure
levels to those tibres. The mixed fibre studies included asbestos
cement plants,” 2 2* Y2 geplogical deposies’” and proximity
to ashestos factories.”’ All of these sources emitted different
amounts and different ranos of asbestos fibre types. Further-
more, only three studies'* ¥ 2 cstimated actual exposure levels.
Other studies considered distance from an asbestos emitting
facility or mine, but the majority of the studies reviewed based
the designation of exposure on general defimitions of residential
location or hiving with an individual who worked 1n an asbestos
related industry. Another source of potenual exposure misclas-
sification could come n the form of recall bias. Only two of
the case-control studies' ** directly mterviewed the cases. The
remaming case-control studies used family members to provide
information on exposures or used proxy measures of exposure,
such as restdennal locanion n relation to a potenual asbestos
source. The aforementioned exposure designations may have led
to increased potential for exposure musclassitication, which m
turn inereased the varrability in the study findings and directly
corresponded to the external mconsistencies observed between
the evaluated studies.

Notably, six studies were conducted n Traly i locations adja-
cent to various asbestos cement product manufacturing facilinies.
The effect estimates for these studies ranged from a SIR of 1.8
(95% CI 1.1 to 2.8) for a hospital survey of new PMM cases
diagnosed between 1 January 1987 and 30 June 1993, among

W
W

Forest plots of random effects models of household and neighbourhood exposures

residents hving m Casale Monferiato™ to a SIR of 25.2 (95%
CI 12.6 to 45.1) for ncident PMM cases for wives of workers
employed at the same facthty.”” Thus, constderable wternal
inconsistency cexists among the Ttalian observations as well as
within the observations associated with the same asbestos emit-
ung facthty.

Only two studies we evaluared provided PMM effect estimates
by estimated level of non-occupational exposure to asbestos. ***
Hansen et al'? evaluated the risk of PMM due to environmental
crocidolite exposures among residents of Wittenoom. Australia
As we noted 1n a 1ecent letter to the editor,™ the highest expo-
sure groups considered by Hansen et gl had cumulauve expo-
sures of at least 20 f/mL-ycars (fibers/ml-years), with RRs
ranging from 3.6 to 6.3 depending on the type of censormg. '
In contrast, kerrante et al*! found an OR of 23.3 (95% C1 2.9
to 186.9) for therr highest non-occupational cumulative expo-
sure category of 10.0 f/imL-years to 24.2 f/mL-years. Thus, the
higher exposure levels estimated by Hansen et al'® yielded PMM
risks 3.0-fold to 6.5-fold lower than those reported by Ferrante
et al® This consistency was exacerbated by the fact that
subjects 1n Ferrante et al** were exposed to mixed chrysotiles
amphibole fibres, whereas the residents of Wittenoom were
exposed to pure crocdohte fibres. This finding conflicts with
the established view that PMM risks are lugher for exposure to
amphibole fibres than other fibre types. '™

The Ferrante et @/ study also contained mternal inconsis-
tencies in PMM etfect esumates relatve to asbestos exposure.
For example, Boffetta®' recently noted that the ORs for envi-
ronmental asbestos exposure appeared to be higher for the same
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level of exposure than the corresponding ORs for occupational
asbestos exposure. This was particularly evident in the category
of highest exposure (=10f/mL-years) despite exposure levels
bemng lower on average n that category (15 f/ml.-years vs 260f/
mb-years) It 1s difficult to estimate how these mconsistencies
may have mfluenced this analysss as overall effect estimates from
each study were caleulated and used 1n the reported meta-anal-
ysis, rather than risks reported by exposure levels.

The numerous nconsistencies and considerable variability
we observed for asbestos related PMM effect estimates across
and within the mdividual studies are due 1 part to hmitations
associated with these studies and the corresponding meta-anal-
ysis. For one, the overall quality of the studies 1s mixed. Seven
eftect estimates from the 18 studies were based on 10 or fewer
PMM cases, grving rise to less precise mdividual and combined
ettect estimates. Five studies did not contirm the diagnosis of
mesothchoma histologically. > ™ " 2! Misdiagnosis of meso-
thelioma could lead to inflated nisk estimates and ulomarely
result in meta-RRs that are higher than expected Relatvely few
studies evaluated non-occupational exposures to pure asbestos
fibre types Also, as stated above, the potennial for exposure
musclassification and related study bias 1s high for many studies
because of the lack of quanutative exposure estimates, Further-
more, as mdicated by Bourdes et al,* the pooled risk estimates
from this most recent meta-analyses most likely overestimated
PMM risk due to non-occupational exposures as the evaluated
groups experienced higher levels of exposures than individuals
living 1 countries without specific sources of exposure.

The quality of the indluded studies and the control or compar-
won groups used by the mdividual studies could also influence
the resules of this meta-analysis. Several studies calculated effect
estimates hy comparing the exposed population to national®®
or world" Ustandardised populations. Due to the varying rates
of PMM across an individual country or the world, reported
effect estimates could be biased. For example, Delgermaa et al*?
compaired mesothelioma rates across the world and showed that
the UK had age-adjusted mottality rates 5.6-fold higher than
Japan. A review arucle of madent mesothelioma rates showed
that Australia had the highest maident rate, followed by Great
Britain and Belgium while South Korea, Morocco and Tunisia
had the lowest, approximately a 30-fold difference.”® For coun-
tries with high mortality and incidence rates, comparison to the
global population would overestmate the risk Conversely, a
country with lower incidence and mortality rates that compares
to the world population may underestimate their risk estimates.
Moreover, rates of mesothelioma have also been shown to vary
considerably across regions within individual countues. An
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evaluation of mortality rates in Italy showed that standardised
rates can vary by more than sevenfold for the total population,
depending on the locanion of weerest.™ Historical evaluations
of pleural mesothelioma deaths m USA have shown that rates
are higher m north-eastern USA, Colorado, Wyoming, Flonda,
Hlinois and the Pacific Coast than n other regions of USA.”
Similar to the use of global standardised rates, comparison to
natonal rates could also lead to biased risk estimates. Studies
that were able to draw comparison groups from populatons
n the surrounding region may have been able to minimise this
potennal source of bias.

Another limitation of the presented analysis 1s the inclusion
of ecological studies. We understand that these are not usually
included in meta-analyses due to the limitations associated with
exposure assessment and the lack of adjustment for confounding
tacrors. In this instance, we felt 1t was appropnate to nclude
the ecological studies because all ndividuals were selected based
on their potential exposure to asbestos rather than then case
status. Furthermorce, the exposures for some of the ecological
studies were equivalent, and m some mstances, better than the
proxy measures of exposure reported in some of the case-con-
trol studies. For mstance, Camus ez a/'® used historical records
of asbestos use, ambient asbestos air concentrations recorded
by the government, and asbestos fibre concentranions 1 the air
reported by the asbestos mdustty. This historical mformation,
along with informanon on the duration of residency, allowed
for the estimate of cumulanive exposure levels. Metntas et al'”
collected soil samples and indoor and outdoor air samples to
confirm exposurc to naturally occurring asbestos. Furthermore,
it 15 unhikely that confounding factors contributed to the devel-
opment of mesothelioma because the primary risk facror for the
development of mesothehioma 1s exposure 1o ashestos.

In order to evaluate how some of the limitations stated above
may have impacted our overall findings, additional analvses
were conducted. The potential for publication bias (figure 3) was
also evaluated. We conducted sensitivity analyses to determine
how the wnclusion of the crude (unadjusted) estmates calculated
by the authors and the inclusion of the ecological studies may
have impacted our overall findings Neither the exclusion of the
crude (unadjusted) estimates nor the ceologreal studies changed
our overall findings, with effect estimates remaining above §
and heterogeneity unchanged As shown in figure 3, the poten-
tial for publication bias appears limuted for the neighbourhood
studies. The household studies do not appear as equally discrib-
uted, however, any studies possibly omutted most likely would
have had lower effect estimates and been weighted less than the
reported studies. In this hypothenical scenarno, inclusion of such
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Figure 3 Plots to evaluate publication bias for neighbourhood {A) and household (B) studies that reflect the natural log of the reported effect estimates
versus the weights used In the random effects meta-analysis for each group of studies separately
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studies would not be expected to influence the overall results of
the meta-analysis. The observed funnel plots are consistent with
the neighbourhood exposure evaluation previously conducted
by Bourdes et al

Another critical component of these studies s to ensure
adequate latency for disease development. Six studies reported
latency values of at feast 20vears for a majority of, 1f not all,
individuals diagnosed wich PMM © 22 24 2528 2 NMeang e al*
observed a latency period of 54 years, on average, for those with
familal exposure and a median of SOyears since first exposure
tor those with enviionmental exposute. Maule et af*’ accounted
tor latency i domestic or environmentally exposed subjects by
excluding mformation about residential location for the last
20years leading up to diagnosts. We used the reported cffect
estimate for women married to asbestos cement plant workers
that had latency values between 20 years and 38years® An
evaluation of individuals who lived near an mdustrial source of
asbestos 1n Japan had an average latency of 43 years.”® However,
the remaining studies were not clear on the duration of ume
between exposure and disease diagnosis.

A strength of our evaluanion was the systematic approach
to locating and summarising relevant studies. In addition, our
update mcluded more than twice the number of studies included
in the previous Bourdes et al' evaluation which included the
most recent updates for cohorts that have been evaluated at
numerous time points. The increased sample size of studies
allowed for the evaluation of confirmed mixed fibres without
the mclusion of unspecified fibre-type studies. We also calculated
PMM effect esumates from the raw data provided in the publica-
uons when the requustte estimates for our meta-analysis were not
provided by the authors Finally, we were able to account tor the
observed heterogeneity i study design and populanion by using
random effects analytical techniques.

Though lunitations nherent to the studies included 1n this
meta-analysis are evident {speaifically with inadequate compar-
1son groups, exposure misclassification, misdiagnosed mesothe-
lioma and recall bias), these studies are the current literature
as atlable evaluatng non-occupational exposures. Addressing this
important potential source of bias in a formal way would require
access to medical and pathology records, and to pathology spec-
imens [t 15 unbikely that these sources are available. However,
a discussion of this source of bas, ncluding sumulation-based
sensitivity  analyses using results of ndependent validauon
studies, would be wseful. Future studies could benefit trom
implemennng sunulation-based sensiuvity analyses, as well as
more formal confirmation ot medical diagnoses and non-occu-
pational exposures.

CONCLUSIONS

We observed elevated risk of PMM for both neighbourhood
and household exposures. The risk of PMM was directly
related to asbestos fibre type, with chrysotile fibres not showing
statistically elevated risk of PMM However, PMM effect esti-
mates observed across and within the 18 individual studies
revealed considerable heterogeneity, and the sample sizes for
the meta-analyses conducted by fibre type were small for pure
fibre studies. Nevertheless, PMM risks from non-occupational
asbestos exposure are consistent with the fibre-type potency
response obsetved in occupational setungs By relatng our
findings to knowledge of exposure-response relationships
occupational settings, we can better evaluate PMM risks 1n
communiies with ambient asbestos exposures from industrial
or other sources
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