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Meta-analysis of residential exposure to radon gas and

lung cancer
Maria Pavia," Aida Bianco," Claudia Pileggi," & Italo F. Angelillo

Objectives To investigate the relation between residential exposure to radon and lung cancer.

Methods A literature search was performed using Medline and other sources. The quality of studies was assessed. Adjusted odds
ratios with 95% confidence intervals (CI) for the risk of lung cancer among categories of levels of exposure to radon were extracted.
For each study, a weighted log—linear regression analysis of the adjusted odds ratios was performed according to radon concentration.
The random effect model was used to combine values from single studies. Separate meta-analyses were performed on results from
studies grouped with similar characteristics or with quality scores above or equal to the median.

Findings Seventeen case—control studies were included in the meta-analysis. Quality scoring for individual studies ranged from
0.45 t0 0.77 (median, 0.64). Meta-analysis based on exposure at 150 Bg/m? gave a pooled odds ratio estimate of 1.24 (95% Cl,
1.11-1.38), which indicated a potential effect of residential exposure to radon on the risk of lung cancer. Pooled estimates of fitted
odds ratios at several levels of radon exposure were all significantly different from unity — ranging from 1.07 at 50 Bg/m? to 1.43
at 250 Bg/m3. No remarkable differences from the baseline analysis were found for odds ratios from sensitivity analyses of studies
in which >75% of eligible cases were recruited (1.12, 1.00—1.25) and studies that included only women (1.29, 1.04—1.60).
Conclusion Although no definitive conclusions may be drawn, our results suggest a dose—response relation between residential
exposure to radon and the risk of lung cancer. They support the need to develop strategies to reduce human exposure to radon.

Keywords Radon/adverse effects; Lung neoplasms/chemically induced; Environmental exposure; Residence characteristics;
Households; Case-control studies; Cohort studies; Meta-analysis (source: MeSH, NLM).

Mots clés Radon/effets indésirables; Tumeur poumon/induit chimiquement; Exposition environnement; Caractéristiques habitat;
Ménages; Etude cas-témoins; Etude cohorte; Méta-analyse (source: MeSH, INSERM).

Palabras clave Radon/efectos adversos; Neoplasmas pulmonares/inducido quimicamente; Exposicion a riesgos ambientales;
Distribucion espacial; Hogares; Estudios de casos y controles; Estudios de cohortes; Meta-analisis (fuente: DeCS, BIREME).
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Voir page 736 le résumé en francais. En la pagina 737 figura un resumen en espafol.

Introduction

The role of radon as a risk factor for lung cancer in occupational
settings, such as underground mining, has been documented in
several studies (/—4), whereas the risk associated with residential
exposure to radon remains controversial. Radon-222 — a
ubiquitous radioactive gas — is present in the earth’s crust and
emerges from soils and rocks. It represents, with its progeny, one
of the main sources of exposure to radioactivity in humans, as it
emits alpha particles that may damage lung tissues after inhalation.
Outdoor concentrations of radon generally are low; a cause for
concern is the concentrations inside buildings, where radon can
penetrate from subsoil, may be included in building materials,
and may be found in water. Indoor concentrations of radon
may vary depending on the concentration of radon in the soil;
the permeability of the ground; and the construction, building
materials, and ventilation of the house.

Attempts to extrapolate data from occupational studies to
estimate the risk associated with residential exposure to radon
have been criticized because of possible differences in levels of
exposure between underground miners and people in the indoor
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environment and because of several other factors — e.g. possible
effects of other concurrent lung carcinogens in miners, differences
in particle size distribution, and differences in breathing rates
(5-7). Findings of large-scale observational studies (particularly
case—control studies) of the effects of residential exposure to
radon in different countries have produced conflicting results
— some confirm the data found in miners (8—13), while others
could not find any association between exposure to radon and
lung cancer (14-16). A trend towards positive results has been
noted in more recent studies, however; this has been attributed
to the use of enhanced radon dosimetry (10).

Meta-analysis is a quantitative approach that has been
used successfully, particularly to pool results of randomized clinical
trials and observational studies to draw conclusions that were
not so clear from individual studies. Recently, this approach has
been applied in three meta-analyses to examine the relation
between residential radon exposure and lung cancer (17-19).
We used a meta-analysis to update these results and further our
understanding of the relation between residential exposure to
radon and lung cancer.
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Residential radon exposure and lung cancer

Materials and methods

Identification of relevant studies

We identified references about the association between residential
radon exposure and lung cancer in the general population by
using Medline to search the medical literature published in
English from 1966 to December 2002. We supplemented this
search by reviewing the reference lists of the identified papers to
look for studies the computer search might have missed.
Inclusion criteria for studies are given in Box 1.

Quality scoring

To assess the quality of the research included in a meta-analysis,
each article was read and scored for quality by two independent
readers, who were blinded to authors, institutions, country, and
journal, with a system that incorporated elements of methods
developed by Chalmers et al. (20) and Angelillo & Villari (21).
The readers discussed their evaluation, and any disagreements
were resolved through discussion and rereading. The overall
quality score of each study was calculated from four subscores
for study design (score ranging from 0 to 8 from worst to
best), adjustment of confounding variables (0-9), exposure
assessment (0-9), and data analysis (0-5). Each subscore was
calculated as the percentage of applicable quality criteria
that were met in each study, so for each subscore, a study
could have a total from 0% (no quality criteria met) to 100%
(all quality criteria met). The criteria used are listed with the
results in Table 1. The cumulative quality score was a weighted
average of the four percentages.

Data extraction

Data on time-weighted mean radon concentrations and
cumulative exposure to radon were extracted from the studies.
The studies used a number of different categories to indicate
the level of indoor exposure, and each paper identified different
cut-off levels for radon exposure. All studies stratified by level of
exposure to evaluate dose—response relations and performed some
stratified or multivariate analysis to adjust for a number of
confounders. For the published results of each of the selected
studies, we extracted adjusted odds ratios with 95% confidence
intervals for the risk of lung cancer among categories of exposure
to residential radon concentration measured in becquerels per
cubic metre (Bq/m?). Two readers extracted data independently
and then met to resolve any differences and arrive at a consensus.

Meta-analysis
For each study, a weighted log-linear regression analysis of the
adjusted odds ratios was performed according to the mean,

Box 1. Inclusion criteria for studies to be included in meta-
analysis

* Primary study (not reanalysis or review)

« Case—control or cohort design

 Examined residential based exposures to radon with a long-
term alpha-track detector to give time-weighted mean
concentrations and/or cumulative exposures

 Examined lung cancer

« Reported enough data to estimate the odds ratio and its
variance

e Published in English
* Published by December 2002
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median, or midpoint concentration of radon; in the presence
of open-ended categories, values of radon concentrations
proportional to those of the other categories were chosen.
Weights were calculated according to Greenland, and Berlin
etal. (22, 23). Coefficients and 95% confidence intervals were
calculated from the model according to several levels of radon
concentration. The random effect model described by
DerSimonian & Laird was used to combine the values from
the single studies (24). This model calculates a weighted average
of the odds ratio by incorporating within-study and between-
study variations. Compared with the fixed effect model of
Mantel & Haenszel (25), DerSimonian & Laird’s model
generally gives a more conservative estimate of the odds ratio,
with a wider confidence interval if heterogeneity is present
(24). Data were analysed with Stata software (version 6.0).

Sensitivity analyses

As heterogeneity of studies may be related to several factors (such
as study design, characteristics of participants, modes of
recruitment, adjustment for confounding, and assessment of
exposure), we performed separate meta-analyses by
grouping studies that had similar characteristics — such as
those that recruited >75% of eligible cases, adjusted for
socioeconomic status, restricted recruitment to women, took
radon measurements in =70% of all houses lived in during the
previous 20-30 years, and adjusted for mean time spent at home.
Finally, we performed a sensitivity analysis to determine the
potential impact of the quality of studies on the results, by pooling
only studies with scores greater than or equal to the median.

Results

Literature search

Of the original 89 studies identified, 67 were excluded because
they were not case—control or cohort studies that examined the
association between exposure to residential radon and lung cancer.
Of the remaining 22 studies, all of which were case—control studies,
three were reanalyses and two did not allow extraction of data for
meta-analysis and therefore were excluded. Overall, we included
17 case—control studies in the meta-analysis (Table 2, web version
only, available at: http://www.who.int/bulletin) (8—16, 26-33).
Of the studies that considered time-weighted mean measurements,
one classified exposure in three categories, eight in four categories,
five in five categories, and two in six categories; all those that
considered cumulative measurements separated exposure into four
categories. Numbers of cases and controls enrolled ranged from
28 to 1449 and from 35 to 3185, respectively. Baseline level of
exposure ranged from <24 to <100 Bq/m? in studies that used
time-weighted means and 0-463 to 0-1800 Bq/m? for
cumulative exposure. Adjusted odds ratios in single levels of
exposures were significantly higher compared with the reference
category in eight single-level comparisons that used time-weighted
measurements and in three that used cumulative measurements.

Quality assessment

Table 1 shows the results of the quality scoring procedure.
Quality scoring for individual studies ranged from 0.45 to
0.77 (median, 0.64). The largest concern with respect to study
design was with response rates, which were >75% in only
35.3% of cases and 23.5% of controls. Other criteria, such as
mode of selection of cases and controls, identification of cases
without knowledge of exposure status, no known association
between control status and exposure, and validation of disease
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Table 1. Items used to quality score studies of the association between exposure to indoor radon and lung cancer

Quality scoring item

Studies complying?

Study design
Cases either randomly selected or selected to include all cases in a specific population 16 (94.1)°
Cases identified without knowledge of exposure status 17 (100)
Response rate for identified cases >75% 6 (35.3)
Control drawn randomly from the same population of cases 16 (94.1)
No known association between control status and exposure 16 (94.1)
Response rate for identified controls >75% 4 (23.5)
Specific disease criteria given 13 (76.5)
Disease validated by histology or other gold standard 15 (88.2)
Adjustment or matching for confounders
Age 17 (100)
Smoking 17 (100)
Duration 13 (76.5
Intensity 15 (88.2
Sex 17 (100)
Occupation 10 (58.8)
Socioeconomic status or education 9 (52.9)
Diet 4 (23.5)
Ambient air quality (e.qg. traffic density) 4 (23.5)
Exposure assessment
Exposure assessment made blindly in respect to the case—control status of participants 0 (0)
Exposure evaluations made in relation to the time of diagnosis 16 (94.1)
Radon measurements lasting more than one year 14 (82.3)
Indoor radon measured in more than one location 11 (64.7)
Evaluation of historical indoor radon levels 9 (52.9)
Residence in the current home for 20 consecutive years or more 3 (17.6)
Radon measurement in 270% of houses lived in during the previous 20-30 years 6 (35.3)
Outdoor radon concentrations 1 (5.9)
Radon measurement adjusted for mean time spent at home 6 (35.3)
Data analysis
Demographic data listed 14 (82.3)
Statistical analysis of demographic data 5 (29.4)
Power calculations performed 0 (0)
Precise P-values and/or confidence interval given 17 (100)
Test statistic specified 17 (100)

2 If compliance is not specifically indicated in the text, non-compliance is assumed.

® Values in parentheses are percentages.

diagnosis by histology or other gold standards were satisfied
by 88.2-100% of the studies. In most studies, exposure
assessment was performed with a sufficient time-window before
diagnosis (=20 years) (94.1%), was performed for =1 year
(82.3%), and involved more than one location in the house
(64.7%). Few studies took into account the mean time spent at
home (35.3%), considered only participants who had lived in
the current home for =20 consecutive years (17.6%), or had
taken radon measurements in =70% of the houses in which
participants had lived in the previous 20-30 years (35.3%).
Only one study had measured outdoor radon concentrations.
Potential confounders generally were not adjusted for, with
the exception of age, sex, and smoking, which were adjusted for
in all studies. Not all studies adjusted for the quantitative effect
of smoking: 76.5% included some indicator of duration (such
as age at starting smoking) and 88.2% some indicator of intensity
of smoking (such as cigarette pack-years). Statistical analysis
included multivariate analysis with adjustment for confounders;
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all studies listed P-values and confidence intervals. Lower scores
in data analyses were related to failure to list and perform statistical
analyses of demographic data.

Meta-analysis

Table 3 shows the adjusted odds ratio estimates at an exposure
level to radon of 150 Bq/m? from each study and the overall
result of each single meta-analysis for several levels of exposure
to radon. Of the 17 estimates of the single studies derived from
the log-linear model, 10 were significantly greater than 1.00,
which suggested an association of indoor exposure to radon
with lung cancer. In two cases, the 95% confidence intervals
were below unity; in the remaining five cases, the 95% confidence
intervals included one, which suggested no significant effect.
The meta-analysis based on exposure at 150 Bq/m? in the time-
weighted mean measurements gave a pooled odds ratio estimate
of 1.24 (95% confidence interval, 1.11-1.38), which indicated

a potential effect of residential radon exposure on lung cancer.
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Table 3. Summary results of meta-analyses relating indoor
radon and lung cancer

Study Adjusted odds ratio®

at 150 Bg/m?

0.95 (0.93-0.97)°
3.06 (2.46-3.79

Blot et al. (1990)
Shoenberg et al. (1992)

)
Pershagen et al. (1992) 1.38 (1.37-1.40)
Alavanja et al. (1994) 1.07 (0.99-1.16)
Létourneau et al. (1994) 0.98 (0.93-1.04)
Pershagen et al. (1994) 1.18 (1.13-1.23)
Auvinen et al. (1996) 1.02 (0.99-1.04)
Ruosteenoja et al. (1996) 1.47 (1.05-2.04)
Darby et al. (1998) 1.16 (1.06-1.27)
Alavanja et al. (1999) 0.81 (0.72-0.90)
Field et al. (2000) 1.49 (1.35-1.65)
Sobue et al. (2000) 1.32 (0.63-2.73)
Kreienbrock et al. (2001) 1.03 (0.93-1.14)
Lagarde et al. (2001) 1.43 (1.19-1.72)
Pisa et al. (2001) 1.92 (1.06-3.50)
Wang et al. (2002) 1.19 (1.14-1.25)
Barros-Dios et al. (2002) 2.69 (1.34-5.39)
Overall 4 (1.11-1.38)
Overall results of meta-analysis
by exposure level (Bg/m?)
50 1.07 (1.04-1.11)
100 1.15 (1.07-1.24)
200 1.33 (1.15=1.54)
250 1.43 (1.19-1.72)

2 Estimates of single studies fitted from the weighted log—linear
regression models.
® Figures in parentheses are 95% confidence intervals.

Pooled estimates of fitted odds ratios at several levels of radon
exposure were all significantly different from unity — ranging
from 1.07 at 50 Bq/m?® to 1.43 at 250 Bq/m®. Homogeneity
among studies was rejected, however, as the test for heterogeneity
showed Q =1220.9 (16 degrees of freedom) and P<0.001.
Table 4 gives the results of all sensitivity analyses. In the
baseline analysis, we included the adjusted estimates of each
study, regardless of the number and types of confounders
chosen by each study. In the meta-analysis that looked at only
studies that adjusted for socioeconomic status, no remarkable
difference from the baseline analysis was found in estimates of
the odds ratio (1.22, 1.07—1.38); this was also the case for the

analyses that included only studies that measured exposures
in >70% of residences occupied in the previous 20-30 years
(1.22,1.10-1.35) and studies that adjusted for time spent at
home (1.23, 1.03—1.47). Lower estimates of odds ratios than
in the baseline analysis were found in the meta-analysis that
included only studies in which >75% of eligible cases were
recruited (1.12, 1.00-1.25), whereas higher estimates emerged
in the analyses that included studies restricted to women (1.29,
1.04-1.60) and high quality studies (1.27, 1.15-1.41). Inall
sensitivity analyses, however, the test of homogeneity of the
estimates was rejected (P<0.001).

Discussion

Our meta-analysis suggests a significantly increased risk of
lung cancer in people exposed to radon gas in their homes.
This association seems to be dose related, and an increase of
24% in the risk of lung cancer was found at a time-weighted
mean exposure of 150 Bq/m®. Meta-analyses previously
conducted with different methods found significantly
increased risks of lung cancer of 6-35% in participants
exposed to residential radon at levels of 100-150 Bq/m?
(17-19). These results show a consistent pattern of risk
related to indoor exposure to radon, although the magnitude
of the risk seems to be low. Our findings thus strongly support
the need for information about indoor radon concentrations
as a prerequisite to developing strategies for action in different
geographical locations.

Heterogeneity of studies, potential for misclassification of
exposure, and role of confounding (particularly when, as in our
case, expected risks are low) may determine problems in the
interpretation of results of meta-analyses. Although results are
always to be interpreted cautiously, however, sensitivity analyses
that take into account these issues may help test the robustness
of results. We performed sensitivity analyses with adjustments
for socioeconomic status, assessment of exposure in past
residences, time spent at home, completeness of recruitment of
studies, and quality of studies. The quality of the studies was
evaluated on the basis of study design, exposure assessment,
data analysis, and adjustment for confounding factors. Although
we did not use quality scores to choose studies to include in our
meta-analysis (34), pooling of high-quality studies resulted in a
similar, or at least more strong, association with respect to the
baseline meta-analysis. It should be noted, however, that
sometimes the amount of information that is included in a
published work depends on the journal, so the quality score

Table 4. Sensitivity of summary results of meta-analyses relating indoor radon and lung cancer according to several sources of

potential heterogeneity

Variable Studies Summary odds ratioat 150 Bq/m?
Baseline analysis 17 1.24 (1.11-1.38)°
Adjustment for socioeconomic status 9 1.22 (1.07-1.38)
Response rate for identified cases >75% 6 1.12 (1.00-1.25)
More than 70% residence measured 6 1.22 (1.10-1.35)
Radon measurement adjusted for mean time spent at home 6 1.23 (1.03-1.47)
Women only 6 1 29 (1.04-1.60)
High-quality studies 9 7 (1.15-1.41)

2 Figures in parentheses are 95% confidence intervals.
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may correlate with publication criteria. Most studies were similar
in design, and detection of exposure and quality scores were not
substantially different.

All case—control studies included in the meta-analysis
performed some adjustment for confounders, and this is a
strength of our results. Little is known about the factors associated
with lung cancer and exposure to radon, however, so the effect
of some potential confounders on results of single studies and,
therefore, on our meta-analysis cannot be ruled out. A substantial
number of studies have looked at factors associated with
residential radon concentration — such as age of house,
ventilation, and number of floors — but few could be classified
as important confounders in the association with lung cancer,
particularly after aspects related to socioeconomic status, which
were included in our sensitivity analysis, are accounted for.

Pooling of studies restricted to women gave a higher
estimated odds ratio. This is interesting; as it is well known that
women have a lower incidence of lung cancer because of lower
exposure to established risk factors, such as smoking and some
occupational carcinogens. Women thus may represent a
population less prone to confounders when the effect of radon
on risk of lung cancer is studied. Our results cannot exclude the
possibility that any inability to completely adjust for smoking or
some other confounders is responsible for the increased risk
detected. Smoking has also been suggested as an effect modifier
(35), however, in which case the effect of radon should be
assessed separately in smokers and non-smokers.

Repeated reports have stated that the retrospective
assessment of exposure in case—control studies that investigate
environmental risk factors is challenging. This relates to
residential exposure to radon that has been reported to be
biologically important in the 15-20 years before development

of lung cancer, and the inability to detect an association in
certain studies might have been due to poor retrospective
assessment (/7). We did not find, however, any relevant
difference from the overall analysis in estimates that included
only studies that measured radon in >70% of previous houses
or adjusted for time spent at home. The need for more reliable
and advanced methods has been advocated (36), and new
methods — such as measurements from glass items present for
many years in the houses the participants had lived in — have
been used recently and showed an increased risk that was not
detected by conventional methods (10).

A very cautious approach to the interpretation of our
result is related to heterogeneity that we were not able to
eliminate by pooling studies that were similar to each other,
but none of the variables tested significantly improved
homogeneity. Similar results were revealed by Lubin & Boice,
who controlled for many similarities and differences among
studies in their meta-analysis but were not able to eliminate
heterogeneity (17).

Conclusion

Although no definitive conclusions can be drawn on the role of
radon residential exposure on the risk of lung cancer, our results
suggest the existence of a dose—response relation. They reaffirm
the usefulness of meta-analyses in the identification of low risks
that may elude single studies and support the need for wider
and more detailed qualitative and quantitative recognition of
the risks of residential exposure to radon and the development
of strategies aimed at reduction of human exposure. W

Conflicts of interest: none declared.

Résumé

Méta-analyse sur I'exposition au radon dans les habitations et le cancer pulmonaire

Objectif Etudier le lien entre I'exposition au radon dans les
habitations et le cancer pulmonaire.

Méthodes Nous avons effectué une recherche dans la littérature
a |'aide de Medline et d'autres sources et évalué la qualité des
études. Nous avons extrait les odds ratios avec un intervalle de
confiance (IC) a 95 % pour le risque de cancer pulmonaire aux
différents niveaux d'exposition au radon. Pour chaque étude,
nous avons procédé a une analyse des odds ratios par régression
pondérée selon un modéle log-linéaire en fonction de la
concentration en radon. Nous avons utilisé le modele a effets
aléatoires pour associer les valeurs résultant des études prises
séparément. Nous avons réalisé d'autres méta-analyses des
résultats obtenus a partir d'études regroupées en raison de leurs
caractéristiques similaires ou auxquelles on a attribué une note
de qualité supérieure ou égale a la médiane.

Résultats La méta-analyse a couvert 17 études cas-témoins.
Les notes de qualité pour chaque étude se sont situées entre
0,45 et 0,77 (médiane de 0,64). La méta-analyse, basée sur une
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exposition a 150 Bg/m?, a donné une estimation de I'odd ratio
global a 1,24 (IC 95 % : 1,11 — 1,38), ce qui indique un effet
potentiel de I'exposition au radon dans les habitations sur le
risque de cancer pulmonaire. Les estimations communes des
odds ratios ajustés a plusieurs niveaux d'exposition au radon ont
toutes abouti a des différences significatives par rapport a l'unité,
de 1,07 pour 50 Bg/m? a 1,43 pour 250 Bg/m?. On n'a pas constaté
de différences marquantes par rapport aux analyses de référence
pour les odds ratios obtenus a partir des analyses de sensibilité
sur les études ayant recruté plus de 75 % des cas répondant aux
critéres d'inclusion (1,12, 1,00 — 1,25) et sur les études portant
seulement sur les femmes (1,29, 1,04 - 1,60).

Conclusion Bien qu'il soit impossible de tirer des conclusions
définitives, nos résultats donnent & penser qu'il existe une
relation dose-réponse entre I'exposition au radon dans les
habitations et le risque de cancer pulmonaire. Ils confortent la
nécessité d'élaborer des stratégies pour réduire I'exposition de
I'&tre humain au radon.
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Resumen

Metanalisis de la exposicion residencial al gas radén y el cancer de pulmén

Objetivo Investigar la relacion entre la exposicion residencial al
radén y el cancer de pulmon.

Métodos Se realizd una blsqueda de bibliografia a partir de
MEDLINE y otras fuentes, evaluandose la calidad de los estudios.
Se extrajeron las razones de posibilidades ajustadas con
intervalos de confianza (IC) del 95% para el riesgo de cancer de
pulmon a distintos niveles de exposicién al radon. Para cada
estudio, se efectu¢ un analisis de regresion log-lineal ponderada
de las razones de posibilidades ajustadas en funcion de la
concentracion de radon. Se uso el modelo de efectos aleatorios
para combinar los valores de estudios individuales, y se realizaron
metanalisis independientes de los resultados de grupos de
estudios de caracteristicas similares o con puntuaciones de la
calidad superiores o iguales a la mediana.

Resultados Se incluyeron en el metandlisis 17 estudios de casos
y controles. Las puntuaciones de la calidad de los estudios se
situaron entre 0,45y 0,77 (mediana = 0,64). El metanalisis basado

en la exposicién a 150 Bg/m? arrojé una estimacion de la razén
de posibilidades combinada de 1,24 (1C95% = 1,11-1,38),
indicativa de un posible efecto de la exposicion residencial al
radén en el riesgo de cancer de pulmén. Las estimaciones
combinadas de las razones de posibilidades ajustadas a varios
niveles de exposicién al radén fueron todas significativamente
diferentes de la unidad, entre 1,07 a 50 Bg/m?y 1,43 a 250 Bg/m?>.
No se hallaron diferencias marcadas respecto a los andlisis basales
para las razones de posibilidades de los analisis de sensibilidad
de los estudios en que se reclutd a mas del 75% de los casos
elegibles (1,12, 1,00-1,25) y los estudios que incluyeron sélo
mujeres (1,29, 1,04-1,60).

Conclusion Aungue no es posible extraer conclusiones definitivas,
nuestros resultados sugieren una relacion dosis—respuesta entre
la exposicién residencial al radén y el riesgo de cancer de pulmon,
y corroboran la necesidad de formular estrategias para reducir la
exposiciéon humana a ese elemento.

Al b Moy ((V,TA 50 o gl S T80 A A Lol Y e
By 135 O oY) el 3 0310 LR el 5 S o
o) o il Sl gd Bl Ol ) o daal ) i) 3l
3,0V o sVl £l a s Laaay e Ll GSlosl a0
Gt 3G NLET 5 ooSo o I LS 0 Sl 2 el 6 e
g@ﬂﬁouvaWQj.%Qﬂ}Q Yoo Jadl ol
O™ o) ol ) dwlad | W o ioen W) i ol Y1 Ll
3 ) Aol IS ) il 2B L e 7Y o iy L Led
kﬁ;w!&oﬂélglc;\_ﬂl)m)\,\‘o&l\,u ERRAARE!
OHT Y, 5, Y8 O ) ) Al )

W 5 b Ao OB 2l B U] ool o s 4 T 02 cond)
Qg L5V el g Bl NI= A2 AN Be 5 g U] e o)
slaeY a4 ) a8, Ol ey LY ezl oy
Ol G o ah Sl o)

RSk

GOy Ogst I 3 L5t o ell o 1 Jdoed)

O ey 0930 ) S L o el Gy B e ol i DB
Sl gl ) e adall ol gl (3 2 (s T iy )
o E g (ol ) 83 g 0 Fg s T j3lany p V" 2
B0 Ol e adly 90 8 ool yiy Bl B Y
bw);yééﬁigj.ap\JUd;,f;S\L;);MLEAJM\QLwV-?
Ao V) i o S 0500 e e B s e
P S R o CPRV R A IS g N
S e fadin s B 6 2T ¢ s b olalys e sl )
Osd ol po ol sl abline ol sat (3 mesdt) Loyl o Bealsrzn L)
.g}.«}\f&jﬁjg\ﬁbﬁjﬁ\‘

N iy SRSy TN PR ) N i ys VY s :o\;},u
VY s te sp s Je il s SO Ty 4 )l el 5
Vo il il 0 e (sl 1ol i 5y (0,87 o )

References

1. Harley N. Radon and lung cancer in miners and home. New England
Journal of Medicine 1984;310:1525-7.

2. Radford EP, Renard KG. Lung cancer in Swedish iron miners exposed
to low doses of radon daughters. New England Journal of Medicine
1984;310:1485-94.

3. Howe GR, Nair RC, Newcombe HB, Miller AB, Abbatt JD. Lung cancer
mortality (1950-80) in relation to radon daughter exposure in a cohort
of workers of the Eldorado Beaverlodge uranium mine. Journal of the
National Cancer Institute 1986;77:357-62.

4. Lubin JH, Qiao YL, Taylor PR, Yao SX, Schatzkin A, Mao BL, et al.
Quantitative evaluation of the radon and lung cancer association in a
case-control study of Chinese tin miners. Cancer Research
1990;50:174-80.

5. National Research Council. Comparative dosimetry of radon in miners
and homes. Washington (DC): National Academy Press; 1991.

6. Lubin JH, Boice JD Jr, Edling C, Hornung RW, Howe GR, Kunz E, et al.
Cancer in radon-exposed miners and estimation of risk from indoor
exposure. Journal of the National Cancer Institute 1995;87:817-27.

Bulletin of the World Health Organization 2003, 81 (10)

7. National Research Council. Health effects of exposure to radon, BEIR
VI. Committee on health risk of exposure to radon BEIR VI, board on
radiation effects research, Commission on Life Sciences. Washington
(DC): National Academy Press; 1998.

8. Auvinen A, Makelainen |, Hakama M, Castren O, Pukkala E,
Reisbacka H, et al. Indoor radon exposure and risk of lung cancer: a
nested case-control study in Finland. Journal of the National Cancer
Institute 1996;88:966-72.

9. Darby S, Whitley E, Silcocks P, Thakrar B, Green M, Lomas P, et al.
Risk of lung cancer associated with residential radon exposure in
south-west England: a case-control study. British Journal of Cancer
1998;78:394-408.

10. Alavanja MCR, Lubin JH, Mahaffey JA, Brownson RC. Residential radon
exposure and risk of lung cancer in Missouri. American Journal of
Public Health 1999;89:1042-8.

11. Field RW, Steck DJ, Smith BJ, Brus CP, Fisher EL, Neuberger JS, et al.
Residential radon gas exposure and lung cancer. American Journal of
Epidemiology 2000;151:1091-102.

737



Research

12.

20.

21.

22.

23.

24.

25.

738

Kreienbrock L, Kreuzer M, Gerken M, Dingerkus G, Wellmann J,
Keller G, et al. Case-control study on lung cancer and residential
radon in western Germany. American Journal of Epidemiology
2001;153:42-52.

. Lagarde F, Axelsson G, Damber L, Mellander H, Nyberg F, Pershagen G.

Residential radon and lung cancer among never-smokers in
Sweden. Epidemiology 2001;12:396-404.

. Blot WJ, Xu ZY, Boice JD Jr, Zhao DZ, Stone BJ, Sun J, et al. Indoor

radon and lung cancer in China. Journal of the National Cancer
Institute 1990;82:1025-30.

. Alavanja MCR, Brownson RC, Lubin JH, Berger E, Chang J, Boice JD Jr.

Residential radon exposure and lung cancer among nonsmoking
women. Journal of the National Cancer Institute 1994;86:1829-37.

. Létourneau EG, Krewski D, Choi NW, Goddard MJ, McGregor RG,

Zielinski JM, et al. Case-control study of residential radon and lung
cancer in Winnipeg, Manitoba, Canada. American Journal of
Epidemiology 1994;140:310-22.

. Lubin JH, Boice JD Jr. Lung cancer risk from residential radon: meta-

analysis of eight epidemiologic studies. Journal of the National Cancer
Institute 1997;89:49-57.

. Lubin JH. Indoor radon and the risk of lung cancer. Radiation Research

1999;151:105-7.

. Darby S, Hill D, Doll R. Radon: a likely carcinogen at all exposures.

Annals of Oncology 2001;12:1341-51.

Chalmers TC, Smith H Jr, Blackburn B, Silverman B, Schroeder B,
Reitman D, et al. A method for assessing the quality of a randomized
control trial. Controlled Clinical Trials 1981;2:31-49.

Angelillo IF, Villari P. Residential exposure to electromagnetic fields
and childhood leukaemia: a meta-analysis. Bulletin of the World
Health Organization 1999;77:906-14.

Greenland S. Quantitative methods in the review of epidemiologic
literature. Epidemiologic Reviews 1987;9:1-30.

Berlin JA, Longnecker MP, Greenland S. Meta-analysis of
epidemiologic dose-response data. Epidemiology 1993;4:218-28.
DerSimonian R, Laird N. Meta-analysis in clinical trials. Controlled
Clinical Trials 1986;7:177-8.

Mantel N, Haenszel W. Statistical aspects of the analysis of data from
retrospective studies of diseases. Journal of the National Cancer
Institute 1959;22:719-48.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

. Schoenberg JB, Klotz JB, Wilcox HB, Szmaciasz SF. A case control

study of radon and lung cancer among New Jersey women. In: Cross
FT, editor. Indoor Radon and Lung Cancer: Reality or Myth? Twenty-
Ninth Hanford Symposium on Health and the Environment. Columbus
(OH): Battelle Press; 1992. p. 905-18.

Pershagen G, Liang ZH, Hrubec Z, Svensson C, Boice JD Jr. Residential
radon exposure and lung cancer in Swedish women. Health Physics
1992;63:179-86.

Pershagen G, Akerblom G, Axelson O, Clavensjo B, Damber L, Desai G,
et al. Residential radon exposure and lung cancer in Sweden. New
England Journal of Medicine 1994;330:159-64.

Ruosteenoja E, Makelainen |, Rytomaa T, Hakulinen T, Hakama M.
Radon and lung cancer in Finland. Health Physics 1996;71:185-9.
Sobue T, Lee VS, Ye W, Tanooka H, Mifune M, Suyama A, et al.
Residential radon exposure and lung cancer risk in Misasa, Japan: a
case-control study. Journal of Radiation Research 2000;41:81-92.
Pisa FE, Barbone F, Betta A, Bonomi A, Alessandrini B, Bovenzi M.
Residential radon and risk of lung cancer in an ltalian alpine area.
Archives of Environmental Health 2001;56:208-15.

Wang Z, Lubin JH, Wang L, Zhang S, Boice JD, Cui H, et al.
Residential radon and lung cancer risk in a high-exposure area of
Gansu province, China. American Journal of Epidemiology
2002;155:554-64.

Barros-Dios JM, Barreiro MA, Ruano-Ravina A, Figueiras A. Exposure
to residential radon and lung cancer in Spain: a population-based
case-control study. American Journal of Epidemiology 2002;156:548-55.
Emerson JD, Burdick E, Hoaglin DC, Mosteller F, Chalmers TC. An
empirical study of the possible relation of treatment differences to
quality scores in controlled randomized clinical trials. Controlled
Clinical Trials 1990;11:339-52.

Lubin JH, Steindorf K. Cigarette use and the estimation of lung cancer
attributable to radon in the United States. Radiation Research
1995;141:79-85.

Field RW. A review of residential radon case-control epidemiologic
studies performed in the United States. Reviews of Environmental
Health 2001;16:151-67.

Bulletin of the World Health Organization 2003, 81 (10)



Research

Table 2. Studies included in meta-analysis of studies of the relation between indoor exposure to radon and lung cancer

Level of exposure (Bg/m3)

Study Country Age Group  Adjustment Time-weighted mean Cumulative exposure
range of size and : .
participants  (case/ matching Level Adjustefi Level Adjustefi
(years) control) odds ratio odds ratio
Blot et al. China 30-692 308/356  Age, sex, smoking, <74 1.00
(14) socioeconomic  74-147 0.9 (0.6-1.3)°
status, 148-295 0.9 (0.5-1.4)
and ambient =296 0.7 (0.4-1.3)
air quality
Schoenberg et al. USA All ages® 480/442  Age, sex, <37 1.00 <463 1.00
(26) smoking, 37-73 1.2 (0.83-1.7)  463-924 1.3 (0.88-1.9)
socioeconomic ~ 74-147 1.1 (0.55-2.3) 925-1849 0.91 (0.41-2.00)
status, 148-418 8.7 (1.3-57.8) 1850-2868 8.0 (1.2-55.1)
occupation,
and diet
Pershagenetal.  Sweden All ages? 210/209  Age, sex, <75 1.00 <1250 1.00
(27) and smoking 75-110 1.2 (0.7-2.1)  1251-2500 1.4 (0.8-2.6)
111-150 1.3 (0.7-2.3)  2501-5000 1.7 (1.0-3.1)
=151 1.7 (1.0-2.4) =5001 2.3 (1.1-4.5)
Alavanja et al. USA Allages®  538/1183  Age, sex, <30 1.00
(15) smoking, 30-43 1.01 (0.7-1.4)
socioeconomic  44-63  0.84 (0.6-1.3)
status, and 64-91 0.9 (0.6-1.3)
diet >91 1.2 (0.9-1.7)
Létourneau et al. Canada 35-80 738/738  Age, sex, 0-1800 1.00
(16) smoking, 1801-3600 0.97 (0.63-1.48)
socioeconomic 3601-7200 0.84 (0.51-1.39)
status, and =7201 1.00 (0.69-1.46)
occupation
Pershagenetal.  Sweden 35-74 1360/2847 Age, sex, <50 1.00
(28) smoking, 51-80 1.1 (0.9-1.3)
occupation, 81-140 1.0 (0.8-1.3)
and ambient 141-400 1.3 (1.1-1.6)
air quality >400 1.8 (1.1-2.9)
Auvinen et al. Finland Allages  1055/1544 Age, sex, <49 1.00
(8 smoking, and 50-99 1.03 (0.84-1.26)
occupation 100-199 1.00 (0.78-1.29)
200-399 0.91 (0.61-1.35)
400-1277 1.15 (0.69-1.93)
Ruosteenoja et al. Finland 0-64¢ 164/331  Age, sex, <95 1.00
(29) smoking, 96-186 1.8 (0.9-3.5)
and ambient =187 1.5 (0.8-2.9)
air quality
Darby et al. UK <75 982/3185  Age, sex, <25 1.00
(9 smoking, 25-49  1.06 (0.88-1.29)
socioeconomic ~ 50-99  1.13 (0.89-1.44)
status, 100-199 1.29 (0.79-2.12)
occupation, 200-399 0.94 (0.68-1.29)
and diet =400 1.79 (0.74-4.33)
Alavanja et al. USA 30-842 247/299  Age, sex, <37 1.00
(10 smoking, 37-73  0.87 (0.6-1.3)
socioeconomic  74-147  0.91 (0.5-1.5)
status, =148 0.71 (0.3-1.3)
and diet
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(Table 2, cont.)

Level of exposure (Bq/m?)

Study Country Age Group  Adjustment Time-weighted mean Cumulative exposure
range of stze and_ Level Adjusted Level Adjusted
participants  (case/ matching . .
odds ratio odds ratio
(years) control)
Field et al. USA 40-842 413/614  Age, sex, <57 1.00
(110 smoking, and  58-114 1.34 (0.81-2.22)
socioeconomic  115=170 1.73 (0.99-3.04)
status 171-228 1.62 (0.88-2.99)
>228 1.79 (0.99-3.26)
Sobue et al. Japan >65 28/35 Age, sex, <24 1.00
(30 smoking, and 25-49  1.13 (0.29-4.4)
occupation 50-99 1.23 (0.16-9.39)
=100 0.25 (0.03-2.33)
Kreienbrock et al. ~ Germany <75 1449/2297 Age, sex, <50 1.00
(12) smoking, and 50-80 0.98 (0.81-1.2)

occupation 81-140 1.09 (0.8-1.48)
>140 0.99 (0.61-1.63)

Lagarde et al. Sweden >29 86/178 Age, sex, <50 1.00

(13) smoking, 50-80 1.03 (0.67-1.57)
socioeconomic  81-140 1.14 (0.72-1.8)
status, >140  1.65 (0.88-2.7)
occupation,
and ambient
air quality

Pisa et al. Italy All ages 138/291  Age, sex, <40 1.00

(37 smoking, and 40-76  2.00 (1.00-3.9)

occupation 77-139 1.8 (0.9-6.2)
140-199 2.4 (0.9-6.2)
=200 1.00 (0.3-3.1)

Wang et al. China Allages  768/1659 Age, sex, <100 1.00

(32) smoking, 100-149 1.00 (0.7-1.5)
residence, 150-199 1.42 (1.00-2.00)
occupation, 200-249 1.36 (1.00-1.9)
and 250-299 1.28 (0.8-1.9)
socioeconomic =300 1.58 (1.1-2.3)
status

Barros-Dios et al.  Spain >35 163/241  Age, sex, 0-37 1.00

(33) smoking, 37-55.1 2.73 (1.12-5.48)
and family 55.2—-147.9 2.48 (1.29-6.79)
history =148  2.96 (1.29-6.79)

2 Women only.
® Values in parentheses are 95% confidence intervals.
¢ Men only.
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