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Residential Radon Gas Exposure and Lung Cancer

The Iowa Radon Lung Cancer Study
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Exposure to n:gn concentrations of radon progeny radon) prodaces lurg cancer in botn undergmund miners

and expermentally exposed laboratory animals. To determine the risk posed by residential radon exposure the

authors performed a population-based, case-control epidemiolog c study n Iowa from 1993 o 1997 Subjects

were fema e Iowa res aents who had occupied their current home for at least 20 years. A total of 413 ung cancer

cases and 614 age-frequency-matched controls sere included r the fina analysis. Excess odds were calculated

per 11 corking-level months for exposures that occurred 5—19 years (WLM ) prior to d agnosis for cases or

pr or to time of interview for controls. Eleven WLM ., is approximately equal to an average residential radon

exposure of 4 pCI Iter 1148 Bq.’m’) during this period After adjustment for age, smoking, and education, the

authors found excess odds of 0,50 (95°c confidence interval: 0.004, 1 .81) and 083 (95% percent confidence

interval: 0.11 3.34) using categorical radon exposure estimates for all cases and for live cases, respective y.

Slightly lov.er excess odds of 0,24 (95 cercent confidence interval: —0.05. 0.92) and 0 49 (95 percent confidence

interval: 0.03. 1 84) per 11 WLM ,, were noted for contnuous radon exposure estimates for all subjects and live

sub1ects oniy. The observed risk estimates suggest that cumulative ambient radon exeosure oresents an

important environmental health hazard Am J Epidemio/ 2000151 :1091—1102.

case-control studies; dose-response relationship, radiation: lung neoplasms: radon, smoking; women’s health

I .une carcer has been the leadino cause of cancer

death in US women since 1987 1 II. Risk estimates

doris ed from epidemiologic studies of underground

miners attribute about 1 8.600 lung cancer deaths

I range. 3.000 38.6(8b in the US population to residen

tial ‘radon decay product (radon I exposure 12i.

Residential radon exposure risk estimate\ extrapolated

from miners to the public are subject to man\ uncer
tainties 3) because of inherent differences between

these populations and differences hetsseen the mine
and home environments 14. 51,
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Empincal es idence slioss ing an increased lung cancer
incidence from residential radon exposure is lackine.
Numerous epidemiologic ins estigations using either eco
logic (6 8) or case control (9 l9)designs hase attempted
to examine the m’elation hets een residential radon expo
sure and lung cancer. The case-control stud\ design is ci’-
comes man\ of the limitations inherent in ecologic stud

ies (2t) 2—0. ‘Ten of the more rigorously designed
case-control studies published to date 19- 18) have not
shown a consistent pattein regarding the association
hetss ecu radon exposute. cigarette smoking. and lung
cancer, Por radon exposure estimates ha\ e impeded the
al’i llt\ of case-control tudmes to detect underl ing ossoci

ations 10. 25). We conducted a population based case
contiol studs of loss a ss omen that incorporated unique
comhinanon of studs clsin and enhanced dos; ineti ic
teclrmque ‘ 19. nc!udme mdi’. dual moblllt\ csse

I neiit. populati ii tcbi I it\. c\pcii hi ol mc res ie\\. and
high per ccntoge f Ii’ c cic. P detcmtine s hether oi nt

residcnticl i adoti exposure oxhibits a stall stiCcIl stgflifi

ant pontise assocIation oh luna cancer

MATERIALS AND METHODS

Fhe loss a Radon 1..une ( ancct StuEl\ i IRI C’S h0d
tour mat o ci mtponents: U t apid reporting of cases. 2
a mailed questionnaite tolloss ed by a face to face

1091



1092 eIdeta.

mters iess 3 a coinprehensis e radon exposure assess
ment: and Ii independent hitopathologic res rew of
lung cancer tissues. The IRLCS protocols receised
aflpro\ a! Irom the Lii’. ersity ot los’. a Institutional
Re’. iess Board in accordance ss ith guidelines from the
f S Department of l-lealth and Human Sers ices.

Lung cancer cases

Lung cancer cases met the following inclusion cnteria:
ness F diagnosed svith a microscopically confirmed pri—

mare ins asive (not in situ) lung carcinoma. ss ithout any
prior primars ins asis e lung carcinoma: 2 female loss a
resident at time of diagnosis: 3 age 40—54 ‘ ears: and
Ii reidcnce in the current home for 2() consecutis e rears
or more A total of I .0-4 tmale lung cancer cases svere
identified hr the Iowa Cancer Registry’ hetsseen Mar 1.
1993 and October 30. 1996. The los’. a Cancer Registr
has been a member of the Surseillance, Epidemiologr.
and End Results Program of the National Cancer Institute
since I 0-3. The consent of each case’s physician ss as
obtained prior to contacting the subject. Rapid reporting
identified 90.3 percent of the cases, ss ith a median time
het een diagnosis and ascertainment of 20 day s.

Fortr -three percent of the 1 .974 cases had us ed in
their current home for at least 20 years. Thirty—one per
cent ii 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 pros ided 5’. ritten informed consent prior to enroll
ment into the IRLCS. Of the consenting cases. 431 98
percent I completed the process of filling out mailed
luestionnan’es 5’. ith follow—up in—person facilitation of
the questionnaires and placement of radon detectors.
I he questionnaires included information concerning
family health history, demographics. occupational expo

stn’es. smoking hitorr, passis e smoke exposure history.
pre us nonmalignant lung disease, diet, and a detailed
sect n on characteristics of the home Questionnaire
data were manually double—entered into the computer.
and a 1 () pet cent random sample ss as selected to manu
JIr check against the original coded reports.

To ‘Otain reliable lst’iogic diansis. ssc
S’. ed p.itholocic materials fter ohtaning signed

pci in:sion from 423 ot the 1 t eligible lung cancer
u lsCs 01 tf eir next f kin Is’. o hoard certified surgical
patlil oCist from the Depai t ment of Pathology at 1 he

nis ci srtr 1 loss a I lospital s md (‘I in s re’. iesscd the
atliolgc material upon schiJ a diaen’si o: lung

as made br these subjects I he es me’.’. cr
ss rc him led to the dia$nosi s on the pathology rep rt
as sell js to eah thcr ‘s i c’s mew di gnosts The maot
Jiagn sOc croups ‘. crc based on the \orld Health
Oicam:iiatmn’s 1it’.logi tr pmn of lung ttnnoms and
ins ladcd Ilk’ iuaior categories ol niall cell carcinoma.

squamous cell carcinoma, adenocarci noma, and large
cell carcinoma 26 t Additional details concerning the
histologic res ics’. are a\ ailahle else’.’. here 2 i.

Final rcs iesv of the 43 I caes excluded 1 S cases from
the study because their detectors ssere discarded by next
of kin after the case died. Radon measurements sscre
completed for 413 of the cases.. Histologic materials
ss crc not as ailuble for eight of these cases, and eight
others refused to sign the consent form granting pernns
sion to obtain histologic materials. The registry -reported
histologic subtype ssas used for classification of these
16 cases, The ts’.o surgical pathologists pros ided a con
sensus histologic diagnosis (or 30- (96 percent of the
113 cases. Tlnrtr -three lung cancers included in the
anair ses were classil iecl as carcinoma not others’. ise

specified because there ss as either insufficient patho
logic material to reviess or the material ss as of poor
quality. Risk analyses were performed on the 413 cases.

Controls

Controls met the following eligibility criteria: Ij no
prior primary invasis’e lung cancer at the time of initial
contact: 2> female loss a resident at time of initial con
tact: 3 i age 40- 84 years: 4t alis e at time of inters’iess:
and 5) residence m the ctirrent home for 20 consecutis e
years or more. Controls aged 40—64 ss crc 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.
‘Fhese tss o databases s’. crc chosen to pros ide a populi
tion—hased saniplnie frame 25. 29r Both controls
selected from driver’s license tapes and those selected
front Health Care Finance Admmnistiation records were
age-frequeticr matched ss ith the lung cancer cases by
5—year age roups. Additional information concernmng
contact ss ith controls and the population rcpresentatis c
less is as ailable elsess here 2 29m,

Forty -eight percent of’ the Lontrols initially identified
throuch either current dmiset ‘s license tapes or Health
Care Financing Administration records had Ii’. ed in
their current honie for at least 2 I r ear s.A total of I
cligible controls ss eie identit icd hem’.’. ecu \lay I. I’.)) l

and October i(m, I 990 Of the controls, (m93 I S2 pci cent I

consented to take part in the study, and of these, 625 90
perc ent> omplcted the process of filling out the mailed
questionnaires ss ith tol loss un Iii person res iess of the
questionlaime and placement 0 maJon detcctors. -\il
controls ssemc ali’. e at the trifle f tl,e honie s sit. Risk
anaL ses ss crc pcrfoi tned on 0-’ 614 controls ss Ii cool
pleted y carlong radon measurements

\ fol loss up questionnaire that compared smokin2
and ssorkinc’ hists ss as routinely sent to cligihlc
controls ss hi refused t part ic i pIte nm the study n

AmJEpidomio/ Vo.151 No.11.2000
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‘1 he fifth component of the radon dosimetry assessment was the linkage between the sarious radon concentra
tions and both the subject’s temporal and her spatial mobilit equation 1). A time-weighted aerage radon expo
sure for each subject was calculated based on aserage yearlong radon measurements performed in the current bed
room and the historical bedroom, if applicahlei. each lesel of the home, and in-home work area (if applicable).
For each subject. the aserage yearlong radon measurement was linked to percent time spent in the bedroom (and
the histoiical bedroom, if applicable), each leel of the home, in-home work area (it applicable. outdoors. in other
buildings. and away on acation or business trasel The current. aserage, earlong radon measurement was
ssumed to be Lonstant oser the years that the participant lised in the home howeser, the temporal and spatial
acti it\ (time %pent in the bedroom, each les el of the home. etc.) was allowed to ary for each subject h indi id
ual season and period of time as recorded in the face-to face interview. A radon concentration oft) 95 pCi liter
Eq m ) was assumed for the subject’s radon exposure while the subject was away from home on vacation or husi
ness. This alue if> 95 pCi liter) represents the mean for the national average single-famil\ home indoor I 5
pCi liter and national a\erage outdoor 104 pCi liter) radon concentrations (35 37>. Exposure estimates were
a ailable for all ears that the subject had lis ed in the current home. Temporal and spatial mobility information was
collected in a way that allowed estimation of exposures by time windows fbr the participants. The retrospectis e
time window 5 19 eais prior to diagnosis ror cases or prior to initial contact for controls was chosen to compute
a Lumulati\e radon exposure for two reasons, First, studies of underground miners demonstrate that the latency
period for radiogenic Lancer is 5 years t3. 4). Second, the 20-year time intersal inclusion criteria allowed a rca
sonable pool of eligible cases and eliminated the need to impute missing radon measurement data during this
period. Presious studies of underground miners exposed to radon indicated that radon exposure occurring 5 15
years prior to the de\elopment of lung cancer carried the greatest risk per unit exposure (4).

Mobility-linked working lesel month exposure for year x

WLM
—

h r I)
170 >( lot)

Mobility and radon concentrations

assumed equilibrium ratio of 50 percent

Ii — total hours spent at location / during the vth year prior to enrollment

r radon concentration (pCi liter) at location /

IR yearlong AID measurement

HR , JIB , .. earlong TI) measurements

yearlonu AFD measurement

L , A,.. a erage of Al 1)s on L, I , .. (other than 1B, HR JIB,..., and WI I

0.5 < first floor concentrations (figure 1)

OS \earlong outdoor \H) measurements if igure 1)
114 095 pCi liter

Locations

178 Mastei bedmom

JIB . HR. .. I listora. bedroom 1. 2,
Home woik aiea

I ,I , Homc lce1 1, 2, (other than hR. HR ,JIR, , and WI
18 Another building
OS Outside
I ti L\ss ay from home (other than lB and 05)
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StatistIcal analyses

The associations between lung cancer risk and
obsen ed radon exposures “crc studied by using linear
excess odds m”dels in the form expresed in equation 2:

—
I . 2

where;; is the conditional probability of lung cancer.
n is the umuLtne working-leei month radon expo

stir: for y ears 5 lv prior to study enrollment, and the
are potentiai conlounding sariables. Under a tare

disease assumption. this model is of the same general
form a’ the exce” relative nsk model’, developed for
radon 1y the National Research Council (4t

Cumulatise radon exposure was eipressed in work
ing-le’iel months for exposures occurring 5 19 years
prior to diagnosis (WLM, ) for cases or prior to the
time of inten in for controls. LM1 ) exposure was
analy red both as a categorical and a continuous san-
able. Subjects were partitioned a priori into five expo
sure cells for the categorical analyses. 1 he highest 15
percent ot exposed cases and controls combined con
stituted the fifth tell. The remaining subjects were
di’ ided among four equal width inten als of LM4 ,..

exposure. The median exposure within each of the
Il’. e categories ss as used as the quantitatis e salue. For
ihe continuous anal’ ses. actual LM,. . exposure
is as used.

Continuous anables were included in the regres
sion models to adjust for the effects of age. acti’ e
smoking. atid attained education les ci. The measures
of active smoking most significarnly associated with
lung cancer tisk, years singe smoking cessation and
cigarette pack year rate. were selected for the regres
‘ion model Pack-year rate was defined as the aserage
tiumber of packs smoked per year from birth until 5
years piior to study enrollment (assumed latency
‘eriod lot lung tancen for controls or lung anc..er
diagnos:s br cases Results are also presented fot
nes ci. ii..ht. and heasy smokers, where light” and
1ea’$ aie bed in the median paS year rate
2’ m’ 2 med:an pack yearsi among those v ho smoked

at least liNt tyiettes ni who smoked tor period ot
‘it least h rnl’;tl.s in their litetmnie Patk sc.’ ratc isa’

linsen tom rh’ ,.at..ci’tiiatm”n bcc.iu’: it isa’ mfli’st

ti”nl. and si:n:tm..tntl’ associated ii ith lung cancer
mm’k Th. data t’ere aca!yietl using the S-Pit. S statis

tical pat kate . S. Model paraiiieters were estimated
Sid maxtillum l:kelihiiod te.hniques Trend tests. tests
tor hetcroeenemty. and Q5 percent contiJence intei sat!’

are two sided and are based on thc lmkc!:hood ratio
stat!stlc

RESULTS

The mean age at lung cancer diagnosis was 67.9
ears, and, as expected. was comparable with the age

at contact for controls. 67.4 years (table I’. Cases had
a slightly higher median residency time within their
current home at time of contact The per.cnt ot ut’
jects who attained a postsecondary education and tb.’
number of children were both slightly higher for ci’n
trols. All of the controls were alis e at the time 01 inter
‘dew. Rapid reporting led to a high perentage .eS.5
percent; of li’.e cases. For tIme remaining cases. ncxi of
kin panicipi.ted. The next of kin who completed que
tionnaires consisted ot husbands 5R.() percent’.
daughters (16.. percent. sons il4 percent;. sisters
(2.6 percent;. brothers (1.3 per.xnt. and other rela
fives or friends (6. percent;. Fifteen peicent of the
time, more than one relatise helped to complete the
proxy questionnaires. A slightly higher percent of
cases resided in urban areas. A significantly higher ftc
quency of presious lung disease was seen for cases. As
expected, the greatest difference obsened between
cases and controls was the proportions 01 eser smok
en.. with 86.4 and 32.5 percent of the cases and con
trols, respectisely. smoking for either at least 6 month”
or 1(X) cigarettes in their lifetime. Among ever smok
em. the pack-year exposure was much highei for cases
compared with controls. Among former smokers.
cases stopped smoking more recently than did con
trols. The odds ratio (OR) for lung cancer for women
who smoked at least ICR) cigarettes or who smoked 11w
a period of at least 6 months in their lifetimes sersus
women who nes cr smoked as 13.2 (05 percent con
fidence interval: 9.5. l8.3i. In addition. ORs of 8.1 195
percent confidence intenat: 5.6. 11.7) and 29.0 (95
percent confidence interval: 19.1. 43.9) were found tin
light and heasy smokers. respectisely, compared with
the neser smokers These bindings are consistent with
previous risk estimates from large-scale. population
based studies examining the ielation between smoking
and lung cancei in women iN 4li

Data tiom the follow up questionnaiie tound no dif
ferences between participation and ittusals amonu
contiols tom the categoiies eser woiked. c iricnl
worker. esei smoked. and urrent smukcr In addit:nn.
no sigmticani dtfiereiice’ “crc noted ii. the
radon coikentratlons Wrlc,’xt’n rank uw lest. p
U I —‘ between p.-r’rcip4rii” controls .i’ttj (1fr onila’i

retusals ‘21 percent’ sh’ pcmt”tmed rail ‘ii testine.

Radon dosimetry

Home radon concentrationa Aim asera2e “I tour
radon dete..mors were placed at eadi study home The
measurements followed an approximately ba-normal

MtjEpoerr sfo.151.No.11.2000
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Age ears

40—49
50—59
60 69
‘0—84

2.2 28
16.9 92
380 376
42.9 404

<12 102
12 572 487
>12 326 436

in-person interview 68 5 100 0

Urban resfdential setting 82.3 71 7

Prey ojs lung d sease 43.6 26 5

Eversmokerst 357 200

Smoking (pack-years)
0—19 132 495
20—39 37 2 30 0
40 59 286 165

210 40

Forrne smoKerst 104 128

Years sirce cessat on of srno ng
<10 705 298
10 19 173 219
2029 71 205

30 5 278

RLCS ca Raa> Lung Cacer Studs
o. duals 0o smaked al eas’ bC cgaeies a’ o a reed f a eas1 6m-”.h r ‘e 4e mr
Furme srnokers %e-e nn.v’dals :,nc nad cut s—ia a ii - at ieasl 5 vearc ref-re ua.rzs a 1c casa

at east ears beoe t ‘‘p g’ inter, em cr rI-c

Mean age ai d agnos s cases or
cantact controls 6 9

Rescency n borne 1rnedar 33

Llea’ no oi cb dren 3 0

Educat on years

distribution. (jometrie mean tadon concentrations h
a ci of the hcri1e re piesented in table 2. I he mean
ttist atid econd-tor\ radon concentrations ss crc
agi I in teis halt the riientratn ‘a’s detected in the
haeijierit ot hr rme. The mean radi rn coneentration

11112 Ii lliC ha”etltent 2 ae and cOfiti ii ii rme e era
nntiir. hie hghti higher radon cC3fleeflti anon’

ssere itoted for the iirst and aecond story of ease

h mes Detailed information .oncerning the spatial
\ ariation of radon LonCentiation in IRLCS homes
fi esenled elsess here i42 2 he inajorit of basement

radon concentrations and a significant pereent oc of
tirat- and econci-ter radon )nentratier exLeeded
the IS bus ironmental Protection Agen ‘a a lion

les ci 01 4 p( i liter I 4 B1 rn I U ‘r both ca\e\ and c in

trol’. Geoeraphi< areas that e\hitatteu the hnohe4 in ‘-1

fir br radon e uleentratir fl s cue It realed tn area’- it

ss eNtern and central 1o a tigure ij.

Outdoor radon concentrations file outdooi radon
concentiations at the ill geographicahI dispersed
sampling stations throuchont lossa ranged from 1) 2
pC’i/litei (.4 F31’ni ito 1.5 pCi liter 5( Bq m i. s ith

TABLE 1. Demographic characteristics of cases and controls in the IRLCS-. Iowa, 1993—1 997

Tta

Cases

413 614

3d

67 4

Am J Eprdemioi Vol 151. Nc. 11. 2000
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TABLE 2. ResidentIal radon gee concentratIons hr the 1,62?
IRL.CS homee, Iowa. 1993-1997

C,0 5 Ge’ueflmear ncad”o
and cl pcter 4cCr

ç, Sb • en 091, 145

Crtr q

Basement 56 4622 584
1 14 24(22. 280
2 296 1921’ 171

Casas
Baser.: 3C’ 4.22’ sr
1 413 2722 32
2 209 2121 206

iRLGS oaa Radon Lung Cancer Study 050 ge metre stan.
Jedaeyata

a mean and a geometric mean of 0.82 pCi/liter (0.27
standard desiatiorn and 028 pCi/liter (1.4 geometric
standard deiation). respecthely. Geographic spatial
similarities hens een the first floor and outdoor radon
concentrations were apparent (figure ft Detailed
information concerning the modeling of outdoor
radon concentrations in Iowa and its impact on radon
exposure assessment is available elsew here (34).

Spatial and temporal occupancy patterns.
remporal longitudinal trends in the mobility patterns
br cases and controls aried modestly over time (table
31. The mean time spent at home for the controls
ranged fiom a low of 69.4 percent at age 50-59 years
toahighof 81.5 percentatage 80 84years.Themean
time spent at home for cases ranged 1mm a low of 70.5
percent atage4O 49years to a highof8l.bpercentat
age 80 84 years. Both controls and cases who lived in
either one or two story homes with basements spent
the majonty of their residential occupancy on the first
story Trends across age fot both cases and controls
aried for other subgroups by number of children.

education, and urban/rural status. Additional informa
tion concerning the spatial and temporal mobility pat
terns of study subjects is published elsewhere i32i

Risk estimates

The WLM% cumulatise radon eposures followed
a log-normal distribution rable 4 presents the esti
mated odds ratio for lung cancer and tests of linear
trend for ‘ LS1 cumulatne radon exposure for all
controls and cases and ‘ubset analyses ot control% and
cases who were alise at the time of inteniew. The risk
estimates were adjusted for age. actise smoking, and
education. for all lung cancer subjects. there was a
positne categorical trend (p 0.05 i. Analyses restricted
to the 283 lise cases and 614 Inc controls noted both
a strong categorical (p 0.01) and a continuous (p
0.03) trend. ihe fifth exposure category was also sta
tistically significant jOR 2.14. 95 percent c.onti
denceintersal: 1.12. 4.15)

TableS displays the 15-year cumulatne radon expo
sure risk at 11 ‘ L M for all subjects and for us e
subjects categoriied by both the continuous and cate
gorical sariables. Plesen W1.M ,, is roughly equisa
lent to an aserage residential elcposure of 4 pCi/liter
(148 Bq/m’). assuming a 70 percent home occupancy
and the other assumptions of the BPIR VI report (2)
Fxcess odds of 0.24 (95 percent confidence interval:
0.05. 0.92 and 0.50(95 percent confidence intersal:

0.004, 1.81) per II WIi1 were calculated for all
cases by using the continuous and categorical sari
ables. respectisely. Higher e’icesc odds of 0.49 (95
percent confidence interval: 0.03, 1.84) and 0.83 (95
percent confidence interval: 0.11. 3.34) were noted pet
II ‘WLM1 for the Ii’ e case subset for both the con
tinuous and the categorical risk estimates. respectisely

The effect of the urban or rural status of subjects was
eammed by classifying them as Its ing within or out-

TABLE 3. Meen percent time spent at home We another building. outside, and away on vacation or
business . mLcs.t Iowa, 1993—lse?

r44
4b

1r tic 4e “ e.U ‘3 tJ rj
A “2 14 7ff r ‘)I 144 A I’

4 40 7 171 ‘‘ (7 7Q1 1(7 3 42
r 167 “ 51 614 1•’2 P4 5’

‘6s ‘4t 116 r ‘3 r (9
‘ 73 ‘83 r ‘ ‘8i. 8 71
s s4 61’ 7 815 ‘8

V. 33 rj an trb dog reprner%tre pent r ar ttcrb Jirgatwn ‘.fl’erw ‘k “ oprq
‘tcT’e ateg r. awdy repwflsacat We ar’cdtgrlrer’stajc. açrc at r yfwtjaaa,
I t’euareJene’p’ae two yererka ateocr tsder.pes.r’ ‘ire rertrtre utocr
bta r’udestme pert navel-ce

+ RLcS nRai rtuogC.ar • S’udh

A’nJEnsdsnv Vn 151 No 11.2000
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TABLEt Estimated odds ratter for lung cancer and — of a Hnear trend for WLM, t cumulative
radon exposure, mLcst. Iowa. 1993—1997

:“ tmiri

Cate3ca

Est “a:es we ad .wne ftw aae acte fla4 “9 dro ed..at n
t :iL’i :.o at’ i e ‘r ytns’’ atocs.?es tat rjqa 5—’ 9 ,ears p’ or t a arcs s tr cabes c’ t me of

n’j a, ‘ “itrc% 1 st”r.tag-Iae month .s ca.. tale”’ t” 3o 1C Jr m IRLCS ‘oa Radon Lw’p Ca’ece’
St.:, OR sods rats CI ce’aence :rterva

; ‘.e te”ipora and pat.aUy tsegl’tea meo a’. WL’.l c.nu at..e ewcs.re o.e’ 5—19 ,ears tab 7.9 WLM and
86:. .1.1 ‘0’ t contro-s and cases. iespectnely

‘ide of cit limit’, as well as ii> county type of resi
dence ilarge urban. small urban, and rural counties e.
Alter control for age. education. and active smoking.
the urbanirural status was not significanti) associated
with radon exposure and lung cancer nsk ip > 0.6):
likew isa subjects who worked outside the home were
not at a significantly higher risk of lung cancer than
were those who did not ip> 0.5). No individual occu
patron was found to be at an increased risk.

figure 2 compares the IRI CS odds ratios with odds
ratios calculated using radon exposure methodologies
similar to some of the pie’ iously published residential
radon studies 1 he odds ratios labeled as the master
bediuom and lnmg irea elecl I) were based on a
simple anthnieut. ateiage of the radon measurements
In m the two rooms. The odds ratios labeled as the
h isi.ment win. based on the a’ierage >earlong radon
cont.enti.,ti n in the basement. The IRE (‘S radon

TABLE 5 Excess reek estimates for WLM
radon sxpoaureiRLCSt, Iowa 1993-1997
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e\posure methodology produced higher odds ratios
than did the other two commonl utilized radon epn
sure methods.

Table 6 present’ the estimated odds ratios by lung
cancer subtype. Large cell carcinoma ehihited a sw
tisticall> significant trend for both the continuous (p -

0.04) and categorical ip 0.03) risk estimates. A sug
gesthe dose response trend was also obsers ed for the
squamous cell carcinoma subset e categorical p for
trend 0.06) with a significant categorical risk esti
mate of 3.17 for the fifth exposure categor). However.
the differences in the lineai e’cess odds between histo
logic types was not statistically signiticant icontinuous
p 0.58. sategorical p 0.65e.

dditional anal>ses were performed to examine
whether or not the effect of radon differed according
to smoking status. education, and age (table “i There
was no e idence of heteioueneity for these three Iac
tot’s using either continuous or categorical anal) ses.
The test statistics (continuous p salue 0 83. tate
zorical p s.Jue 0.66i lot heterogeneity arnone thi.
catc..znries of sir okin’ failed to ieiect a multiplieatne
cHat between radian and sinokinc on lung cancei risk
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indines were noted for both the continuous and cute—

goricul anal\ ses. Excess odds of 0.24 t95 percent con
fidence interval: 0.05, 0.92) and 0.49 (95 percent
confidence inters al: (1.03. 1 .X4 per II \VLM, were

calculated b usille the continuous variables for all
subjects and for live subjects, respectively. Slightl\
higher excess odds of 0.50 (95 percent confidence
inter al: 0.004, 1 .8 Ii and 0.83 (95 percent confidence
interval: 0. 11. 3.34 t per I I \Vl..N 1. . were noted for
the categorical artables for all subjects and for live
subjects. The results for the continuous and categori
cal s ariables \\ crc in general agreement. Furthermoie.
there i ni significant correlation between radon e\po

sure and active smoking I a combination of sears since

smoking cessation and pack-y ear rate) (p > 0.45.
Thus. it is unlikel\ that the ohsersed excess odds for
radon exposure are due to residual confounding with
smoking. Overall, these results suggest that cuinula
ii e radon exposure is a significant risk factor for lung
cancer in women.

A major ad\ antage of the IRLCS was the rapid
reporting mechanism ol the stud\. which obtained a
high percentage >60 percent) of live cases. The use of
lis ing subjects pro\ ided the niavimal opportunity to
obtain alid information (e.g.. mobility, residence.
education. snioki ng histor\ . etc as well as represen—

TABLE 6. Estimated odds ratios and 95” confidence intervals for lung cancer and tests of a linear trend for WLM t
cumulative radon exposure by cancer subtype. IRLCSf, Iowa. 1993—1997t
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FIGURE 2. P ots of nsk estimates for the all cases and contro s calcu ated by using alternative radon exposure etC mate scenarios, IRLCS.
Iowa, 1993—1997 IRLCS odds ratios, as reported in table 4. are presented tor comparison. The odds ratios plotted as the master bearoom and
vir3 area are based on a simple arithmetic average of :he radon measurements 4rom Ice two rooms “he oods rat as plotted for Ine oasemer’

are basea or’ the acerage yeariong radon concentration n the basement without consideration of retrospectee s.blect mobS I. An ave7age
nome occupancy of 70 percent t me was assumed for the master bedroom ana ‘evel 1 ving area) p of ano the basement plot.
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TABLE 7. Excessive risk estimates for 5—19 working-level months (WLM. .)f cumulative radon

exposure within categories of other covariates for all cases and controls, !RLCSt. Iowa. 1993—1997
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sears pr or to dagnoss fo oases or tIme of nterv)ev 1or oontro s WLM Eieven WLM s approx mate)y

equva enf to an average res)dentia) exposure of 4 pC )ter (148 Bq m assurr ng a 70 perce- t home oocupanoy

ard the other assumptons o the BE)R V) mport 4) Separate nsk estimates ae presented for the oategor.es Cst

ed abose to test for departures from the mu)Op.icat;ve effects of the covanates n the excess odds moae.

One WLM is equivalent to 3.5 < 10 Jh;m
)RLCS fova Radon Lung Cancer Study. C cent dence interval.

tatl\ e radon measurements. The degiee of temporal

md spatial radon s ariation is of pat ticular concern in

other studies it hich a high percentage of lung can-

cer partici pants are deceased and in Ntudies that inca—

surci historical homes the participant lived in at some

time in the past. The radon concentrations that exist

after the parttci fault O\ es out of the home ma\ not

reflect radon concentrations that prevailed when

The Ii ed there. Structural changes in the home or

heha\ oi difterences bet\\ een the flC\\ and the Iorntei

cupant. such opening the indows more ftc

qitentix, tna affect residential radon concentrations.

R ad’ ii treasure Ineilt s \\ crc performed 6 r a second

\ ear ni the bjseniet’it and bedroom of 2X(1 IRLUS

homes (1 mipared ‘.s tth first-\ ear measurements. see

11(1 eat I11s’asn rements per formed tn homes of pros

udents h0d greater radon ariation eocttieicnt of

at 101101 n I ‘ pet ettt. it 2 itteasurenlents I 40111

fl to I x ttll 1101101 )\\ hotttos 0oet ft to nt Ot S arht ton
I j1C1 410 11 .4s Il1eatir41e0t Rcti s[1e lix c

- .0 ItS 4! ‘1 ilt0tti’It. uc$ 0’ len’. e tad il

It 4 Is ib ttted 111014 4vttI tte1 tt o-tr the s thj at

thai from the ne\t 1 km. resulting in lCss cttn

e’ 7 c:i.earifC’ and tt ‘nccr dose resr ‘use

s1 L lhmeiot Ills lix e ae suhsct pros tdcs a bet

14) st)tt alo of the ttsk posed h\ uiti dati’ c tadon

I a ILl t nod Sc” era! other .alSailtaCes osel [lfe

c detittal t adon studies T he studs ss as sail ted

4 lo’4a. ss!iieh has the highest meal) radon coil-

centratlons ifl tile 1. nited States f 43j.Appro\irnatel\

60 percent of the studs particIpants basement radon

concentrations and 30 perceitt of the first—floor radon

concentrations e\ceeded tite S Environmental

Protection Agenc\ action level ot 4 pCi/liter I 145

Bqim \\estern loss a appeared to has e umforml\

higher indoor and outdoor radoil concentrations coin—

pared ss ith eastern lossa. In fact, large areas of ss eslern

loss a had outdoor radon concetrtrations comparable

ss tb tile national aserage indoor value for single-fant

il ironies of . pCi/liter i 56 Bq/m ‘.
The htgh radon

concentrations in conjttnctton ss ith a strict qualit\

assurance protocol contributed to accurate and precise

radon nleasuirements I 33 . Vs Inc pres ious residential

radon studies haxe imputed trom 1 * to 40 percent of

their radon measurements (9 15, 1 , I 5), tile IRI CS

criteria requnring oceupans \ iii tile current hI nte for at

least tile Pies ions 2(3 ears eltnii noted thc riced to

impute radon measitremetits from mIssIng hotr es

Luhin el al. 21 i has c r nted out that thcse

ra,ion nica’nremen! eria1 Ic crease the -tatitr,il

cap i tr of stti I to I tLLt I associattttrl tfl40 the

tnrpact of the tntptllat It dcro sc the oxerall nos’ et

a stth.
.\ litittation of the ILl (‘S ss as the loser than

expected Iespoitse rate for vontrols, s hiLh \5 as likelx

attributable to the inclusion critet ci ol a 21)-rear re

tdener in the current home. Vs c’ hose prex i usE

shoss n that as ti inc spent lix tug itt a home ttlareas .

4OiiCi ii ahotit radon decreases 14’. The I mditites of

Smcrc’ar catnac’,
0 66
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the follow up questionnaire support the representa
tiseness of the participating controls. The residenc’y
requirement was imperatixe in order to reduce radon
exposure misclassification, How es er, it is notess orth
that the IRLCS findings are most generalizable to
Midwest women who hase smoked at some time in
their uses and hase spent at least the last 20 \ears in
their current home.

The ads ancement of linking multiple radon measure
rnents with indisidual retro’pectise mohiht prosoded a
comprehensis e assessment of radon exposure. Since
the participants’ spatial and temporal mobility trends
were nonlinear 32), exposure misclassification
increases when assuming a constant, such as a 75 per
cent home occupanc factor, which was common prac
tice in presious studies. The IRLCS linkages between
radon concentrations and individual rnobilit mini
mized exposure misclassification attributable to spatial
radon sariation (42) and changes in the participant’s
retrospectise mobility (32). The failure to link spatially
disparate concentrations of radon with the subject’s ret
rospectise mobility probably introduces random mis
classification of radon exposure that leads to risk esti
mates biased toward showing no association (45). To
support this assertion. we found that the a priori IRLCS
radon exposure methodology produced higher odds
ratios than did those methodologies that did not link the
subject’s retrospectis e mobility with multiple spatially
diserse radon concentrations (figure 2).

Prex ious case-control studies were performed in
Canada, China. Finland, Germans. Sweden, the United
Kingdom. and the United States (Ness Jersey and
Missouri), Lubin et al. haxe combined the relative risks
of eight of these studies (9 16. 46) in a meta-analsis
using weighted linear regression to pros ide a summaty
excess odds of 0.14 at 4 pCiiliter 148 Bq/m). The
excess odds at 4 pCi liter 148 Bq m) obtained in two
other recent studies in Germany lTh and the United
Kingdom (18) sseie in close agreement with the risk
estimates obtained from the meta-analy sw The esti
mated excess odds of the IRLCS at 11 WLM,
rouehiy equisalent to a 15-year exposuie at an aseragc

i adon expos irc of T pCi liter) ranged 6 om 0 24 for all
ctes to 0 for (is e cases only These obsersed excess
xl Is weic slichtly hieher than those reported in most of

(tie pies ions tcsidential iadon studies The enhanLcd
dosimeti techniques used in the IRLCS, sshih
i cduced exposure misclassification, probably con
trihuted to the hiaher risk estimates, ‘The IRI CS risk
estimates are in geneial agreement with the National
Research C ouncil’s predicted cancer risk assoCiated
ss ith indooi iadon exposule (2).

Independent pathologic res iew was performed for
96 pet cern of the r ases ‘The res iew pros ided for more

reliable classification of lung cancer cases by mor
phology. While a positise dose response trend was
noted for large cell carcinoma and squamous cell cai
cinoma, no significant differences were noted for
radon risk estimates between the lung cancer subtypes
How ever, the morphologic findings from the IRLCS
require cautious interpretation because of the limited
sample size (‘or some of the subtypes.

In conclusion, the IRLCS examined the relation
between cumulatise radon exposure and lung cancer
by uniquely combining enhanced dosirnetriL tech
niques. indisidual mobility assessment, and expert
morphologic resiess with a population characterized
by stability, a high percentage of lise cases, and a
potential for high radon exposure Our findings sug
gest that the ability to detect an association between
cumulatixe radon exposure and lung cancer requires U
a rigorously designed study minimizing radon expo
sure misclassification and 2) a study location with rd
atisely high radon concentrations. Oserall, the risk
estimates obtained in this study suggest that cumula
tive radon exposure in the residential ens ironment is

significantly associated with lung cancer risk.
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Iowa Radon Lung Cancer
Study (IRLCS)

FACT SHEET

“Residential Radon Gas Exposure and
Lung Cancer”, American Journal of
Epidemiology. June 2000

R. William Field, Daniel J. Steck, Brian J.
Smith, ci al

Female Iowa residents, age 40-84 years,
both non-smokers and ever smokers, who
had lived in their current home for at least
20 consecutive years and completed
year-long radon measurements. Included
413 lung cancer cases (86.4% ever
smokers) and 614 controls (32.5% ever
smokers).

The Iowa radon lung cancer study had four
major components: 1) rapid reporting of
cases: 2> a mailed questionnaire followed
by a flice-to-face interview: 3) a
comprehensive radon exposure assessment:
and. 4 independent hi stopathologi c rev jew
ot lung cancer tissues

The rapid case reporti tig all owed personal

inter iews with a high percentage 69 °d

of cases. pro iding much inure accurate
information than can he obtained h’
inteta iewing relatives. This study
represents the most detailed attempt, to
date, to reconstruct total individual radon
exposure. Exposure reconstruction
included on-site measurements of home

4rL1 Flotlines Study Title:

Radon Risk Chart
Authors:

Radon Links

MaifRatin Study Population:
‘on

BFljjgt Background:

http www epagov aq’radon/iowastudyhtmI (1 of 4) [39/2003 &37:07 PM]
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radon with year-long tests on every level of
the home, in current & historical
bedrooms. and in ‘in-home” work areas.
These in-home measurements were linked
with individual movements within the
home. Outside exposure as well as
exposures in other buildings were included
in the reconstruction. The independent
tissue review (performed on 96°/n of lung
cancer tissues) provided a reliable
classification of lung cancer cases.

Results: “The risk estimates obtained in this study
suggest that cumulative [total j radon
exposure in the residential environment is
significantly associated with lung cancer
risk.” After adjusting for age, smoking. and
education, and using categorical radon
exposure levels, a 1 5 year exposure at
levels equivalent to EPA’s action level of 4
pCi/L yielded excess odds of 0.50 i.e., an
increase in lung cancer risk of 50% (95%
confidence interval: 0.004, 1.81) for total
cases and excess odds of 0.83 for cases
with personal interviews i.e.. an increase in
lung cancer risk of 83% (95% confidence
interval: 0.11, 3.34). The higher risk found
for cases with personal interviews vs. the
total cases most probably reflects the more
accurate exposure assessment obtained
from interviews with cases vs. interviews
with relatives.

EPA’s View of the Study: The Iowa study is exceptionally well
designed and well executed. It adds to the
body of knowledge which designates
residential radon as the second leading
cause of lung cancer. It supports EPA’s
position and the National Academy ol
Sciences’ Institute of Medicine’s 1 999
report that radon exposure in homes is a
public health problem. It confirms EPA’s,
the Center for Disease Control’s, and the
Surgeon General’s positions that all homes
should be tested for radon, and all homes
testing over 4 pCi L should be fixed. In
terms of scientific advancements, the study
breaks new ground in estimating total

http:’/wwwepagov/iaq/radon/iowastudy.html(2 of 4) [39/20036:37:07 PM]
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individual radon exposure.

LINKS: Unix ersitx of Iowa Center for Health
Effects of Enx ironmental Contamination

Press Release, fr ii I I

Contains the Press Release: Abbreviated
Findings: Study Methodology: Questions
and Answers About the Study: and. Study
Contact and Additional Radon
Inforrnation.

Press Quotes: I wanted to commend you on your Iowa
Radon Lunu Cancer Study. I believe the

To: R. William Field, methods you used to reduce the inherent
Ph.D. random error associated with ascertainine
College of Public I Icaith. long-tem residential radon exposure are
Department of critical to x alillv assessing the lung cancer
Epidemiology risk from this source, As you correctly
University of Iowa, Iowa point out the random error in estimating
Ci’, Iowa radon exposure has the potential to

substantially underestimate the slope of the
dose-response curve. Your estimates of
risk are similar to my own in our study of
lung cancer among Missouri women.
where we used historic estimates of radon
exposure from cumulative measures of
radon progeny in glass. I believe that most
studies published to date have been
ineffective in reducing measurement error
and their dose-response results have
suffered from a bias toward the null. I look
forward to the discussion your results will
generate and urge ou to complete the
analysis of you radon progeny in glass
measurements data . Along xx ith your
current manuscript, that data should help
clarify the true nature of the dose—response
curve between residential radon and lung
cancer risk, Again congratulations on a job
well (lone,

Si g ned:
Michael Alavanja. Dr. P.R.
Senior mx estigator. I)ix ision of Cancer
Ipiderniologv and Genetics, National
Cancer Institute

HThe Iowa Study is a significant addition to

nttp. upi.gov aq ‘adonowastudyhtmI 3 of 4) [3/92003 6:37:07 PM)
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our already strong understanding of indoor
radon and lung cancer, Its particular
importance lies in the careful methodologic
work done by the investigators on some
nagging scientific issues--particularly the
estimation of lifetime exposure to radon”

Signed: Dr. Jonathan Samet, Professor and
Chairman, Department of Epidemiology,
School of hygiene and Public Health,
Johns Hopkins Unix ersity. Baltimore,
Maryland.

EPA Home Contact Us
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