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Residential Radon Gas Exposure and Lung Cancer

The Iowa Radon Lung Cancer Study
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Exposure to high concentrations of radon progeny (radon) produces lung cancer in both underground miners
and experimentally exposed laboratory animals. To determine the risk posed by residential radon exposure, the
authors performed a population-based, case-control epidemiologic study in Iowa from 1993 to 1997. Subjects
were female Iowa residents who had occupied their current home for at least 20 years. A total of 413 lung cancer
cases and 614 age-frequency-matched controls were included in the final analysis. Excess odds were calculated
per 11 working-level months for exposures that occurred 5-19 years (WLM^J prior to diagnosis for cases or
prior to time of interview for controls. Eleven WLM^19 is approximately equal to an average residential radon
exposure of 4 pCI/liter (148 Bq/m3) during this period. After adjustment for age, smoking, and education, the
authors found excess odds of 0.50 (95% confidence interval: 0.004, 1.81) and 0.83 (95% percent confidence
interval: 0.11, 3.34) using categorical radon exposure estimates for all cases and for live cases, respectively.
Slightly lower excess odds of 0.24 (95 percent confidence interval: -0.05, 0.92) and 0.49 (95 percent confidence
interval: 0.03, 1.84) per 11 WLM^18 were noted for continuous radon exposure estimates for all subjects and live
subjects only. The observed risk estimates suggest that cumulative ambient radon exposure presents an
important environmental health hazard. Am J Epidemiol 2000;151:1091-1102.
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Lung cancer has been the leading cause of cancer
death in US women since 1987 (1). Risk estimates
derived from epidemiologic studies of underground
miners attribute about 18,600 lung cancer deaths
(range, 3,000-38,600) in the US population to residen-
tial ^radon decay product (radon) exposure (2).
Residential radon exposure risk estimates extrapolated
from miners to the public are subject to many uncer-
tainties (3) because of inherent differences between
these populations and differences between the mine
and home environments (4, 5).
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Empirical evidence showing an increased lung cancer
incidence from residential radon exposure is lacking.
Numerous epidemiologic investigations using either eco-
logic (6-8) or case-control (9-19) designs have attempted
to examine the relation between residential radon expo-
sure and lung cancer. The case-control study design over-
comes many of the limitations inherent in ecologic stud-
ies (20-24). Ten of the more rigorously designed
case-control studies published to date (9-18) have not
shown a consistent pattern regarding the association
between radon exposure, cigarette smoking, and lung
cancer. Poor radon exposure estimates have impeded the
ability of case-control studies to detect underlying associ-
ations (19, 25). We conducted a population-based case-
control study of Iowa women that incorporated a unique
combination of study design and enhanced dosimetric
techniques (19), including individual mobility assess-
ment, population stability, expert histologic review, and a
high percentage of live cases, to determine whether or not
residential radon exposure exhibits a statistically signifi-
cant positive association with lung cancer.

MATERIALS AND METHODS

The Iowa Radon Lung Cancer Study (IRLCS) had
four major components: 1) rapid reporting of cases; 2)
a mailed questionnaire followed by a face-to-face
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interview; 3) a comprehensive radon exposure assess-
ment; and 4) independent histopathologic review of
lung cancer tissues. The IRLCS protocols received
approval from the University of Iowa's Institutional
Review Board in accordance with guidelines from the
US Department of Health and Human Services.

Lung cancer cases

Lung cancer cases met the following inclusion criteria:
1) newly diagnosed with a microscopically confirmed pri-
mary invasive (not in situ) lung carcinoma, without any
prior primary invasive lung carcinoma; 2) female Iowa
resident at time of diagnosis; 3) age 40-84 years; and
4) residence in the current home for 20 consecutive years
or more. A total of 1,974 female lung cancer cases were
identified by the Iowa Cancer Registry between May 1,
1993 and October 30, 1996. The Iowa Cancer Registry
has been a member of the Surveillance, Epidemiology,
and End Results Program of the National Cancer Institute
since 1973. The consent of each case's physician was
obtained prior to contacting the subject. Rapid reporting
identified 90.3 percent of the cases, with a median time
between diagnosis and ascertainment of 20 days.

Forty-three percent of the 1,974 cases had lived in
their current home for at least 20 years. Thirty-one per-
cent (n — 603) of the 1,974 cases identified met all eli-
gibility criteria. Of these, 440 cases (73 percent) con-
sented to take part in the study. Each subject or her next
of kin provided written informed consent prior to enroll-
ment into the IRLCS. Of the consenting cases, 431 (98
percent) completed the process of filling out mailed
questionnaires with follow-up in-person facilitation of
the questionnaires and placement of radon detectors.
The questionnaires included information concerning
family health history, demographics, occupational expo-
sures, smoking history, passive smoke exposure history,
previous nonmalignant lung disease, diet, and a detailed
section on characteristics of the home. Questionnaire
data were manually double-entered into the computer,
and a 10 percent random sample was selected to manu-
ally check against the original coded reports.

To obtain a reliable histologic diagnosis, we
retrieved pathologic materials after obtaining signed
permission from 423 of the 431 eligible lung cancer
cases or their next of kin. Two board-certified surgical
pathologists from the Department of Pathology at The
University of Iowa Hospitals and Clinics reviewed the
pathologic material upon which a diagnosis of lung
cancer was made for these subjects. The reviewers
were blinded to the diagnosis on the pathology report
as well as to each other's review diagnosis. The major
diagnostic groups were based on the World Health
Organization's histologic typing of lung tumors and
included the major categories of small cell carcinoma,

squamous cell carcinoma, adenocarcinoma, and large
cell carcinoma (26). Additional details concerning the
histologic review are available elsewhere (27).

Final review of the 431 cases excluded 18 cases from
the study because their detectors were discarded by next
of kin after the case died. Radon measurements were
completed for 413 of the cases. Histologic materials
were not available for eight of these cases, and eight
others refused to sign the consent form granting permis-
sion to obtain histologic materials. The registry-reported
histologic subtype was used for classification of these
16 cases. The two surgical pathologists provided a con-
sensus histologic diagnosis for 397 (96 percent) of the
413 cases. Thirty-three lung cancers included in the
analyses were classified as carcinoma not otherwise
specified because there was either insufficient patho-
logic material to review or the material was of poor
quality. Risk analyses were performed on the 413 cases.

Controls

Controls met the following eligibility criteria: 1) no
prior primary invasive lung cancer at the time of initial
contact; 2) female Iowa resident at time of initial con-
tact; 3) age 40-84 years; 4) alive at time of interview;
and 5) residence in the current home for 20 consecutive
years or more. Controls aged 40-64 were selected from
current driver's license tapes provided by the Iowa
Department of Transportation. Controls aged 65-84
were selected from a current tape made available
through the Health Care Financing Administration.
These two databases were chosen to provide a popula-
tion-based sampling frame (28, 29). Both controls
selected from driver's license tapes and those selected
from Health Care Finance Administration records were
age-frequency matched with the lung cancer cases by
5-year age groups. Additional information concerning
contact with controls and the population representative-
ness is available elsewhere (27-29).

Forty-eight percent of the controls initially identified
through either current driver's license tapes or Health
Care Financing Administration records had lived in
their current home for at least 20 years. A total of 1,337
eligible controls were identified between May 1, 1993
and October 30, 1996. Of the controls, 693 (52 percent)
consented to take part in the study, and of these, 625 (90
percent) completed the process of filling out the mailed
questionnaires with follow-up in-person review of the
questionnaire and placement of radon detectors. All
controls were alive at the time of the home visit Risk
analyses were performed on the 614 controls who com-
pleted yearlong radon measurements.

A follow-up questionnaire that compared smoking
and working histories was routinely sent to eligible
controls who refused to participate in the study (n =
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644). A total of 224 controls returned their question-
naire. Comparisons were made between participating
and nonparticipating controls on the basis of question-
naire responses to having ever worked outside of the
home, current working status, and smoking history. In
addition, the eligible controls who returned the short
questionnaire were offered yearlong radon testing of
their bedroom.

Radon dosimetry

The radon dosimetry assessment consisted of five
components: 1) on-site residential assessment survey;
2) on-site radon measurements; 3) regional outdoor
radon measurements; 4) assessment of subject's expo-
sure when in another building; and 5) linkage of his-
torical subject mobility with residential, outdoor, and
other building radon concentrations. A detailed
description of the radon dosimetry assessment is pre-
sented elsewhere (19, 27). Briefly, the first component
was a residential assessment and dosimetry placement
conducted in person at the subject's home. Historical
participant mobility within the home as well as time
spent outside the home and in other buildings was
ascertained by a face-to-face interview using a
methodology described elsewhere (19, 27, 30-32).
The mobility assessment accounted for all of the time
(168 hours/week) from when the participant moved
into the current home until study enrollment.

The second component of the radon dosimetry
assessment was on-site measurement of home radon
gas concentrations for each case and control. At least
one Radtrak Alpha Track Detector (Landauer, Inc.,
Glenwood, Illinois) was placed on each level of the
home, in current and historical bedrooms, and in in-
home work areas. Field technicians retrieved the
detectors after the 1-year exposure period. In all, 4,626
alpha-track detectors were placed at the 1,027 study
sites. Overall, 97 percent of all alpha-track detectors

placed were retrieved 1 year later. Information describ-
ing the IRLCS's Dosimetry Quality Assurance Plan
and information detailing the accuracy and precision
of IRLCS alpha-track detector measurements are pub-
lished elsewhere (33).

The third component of the radon dosimetry assess-
ment was the measurement of annual average outdoor
radon concentrations at 111 geographically dispersed
locations in Iowa by using 129 US Environmental
Protection Agency proficient alpha-track detectors. The
outdoor radon concentrations and the radon concentra-
tions from the participants' first floors were mapped by
using a kriging procedure (figure 1). The outdoor radon
exposure was estimated from the local average of the
kriged grid values derived from direct outdoor mea-
surements. The exposure model assumed that a subject
was primarily exposed to radon outside the home at a
variety of locations, and the exposure was weighted so
that the radon concentration within 1 mile (1.6 km) of
the home accounted for 50 percent of the exposure with
incremental decreased weighting out to 20 miles (32
km). Additional information concerning outdoor radon
concentrations in Iowa is presented elsewhere (34).

Estimated radon exposures in other buildings (work,
schools, churches, stores, etc.) were the fourth compo-
nent of our radon dosimetry assessment. We studied the
relation between bedroom radon concentrations and
radon concentrations in other buildings for approxi-
mately 100 women in nearby Minnesota. The results
from this study suggested that the best estimate for the
radon concentrations in other buildings is 0.5 times the
first-floor residential radon concentration. Thus, we also
constructed a kriged surface grid for the other buildings
based on 0.5 times the first-floor radon concentrations
within the controls' homes. The exposure model
assumed that a subject spent time in many local build-
ings and assigned the average value of the other build-
ing kriged grid within a 20-mile (32-km) radius of her
home as her average exposure in other buildings.

Outdoor Radon Concentrations First Floor Radon Concentrations

FIGURE 1. Maps of outdoor and first-floor radon concentrations In Iowa, IRLCS, 1993-1997.
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