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Objective. --To evaluate the risk of breast cancer among women occupationally
exposed to ionizing radiation.

Design. — Case-control study.
Participants. --A health survey of 105 385 women radiologic technologists cer-

tified by the American Registry of Radiologic Technologists since 1926. Among
79 016 respondents, 600 breast cancer cases were identified. Each of 528 eligible
subjects with breast cancer was matched to five control subjects based on age, year
of certification, and follow-up time.

Main Outcome Measures. --Relative risk (RR) estimated as the relative odds
ratio for breast cancer over categories of years worked as a radioiogic technologist
and according to personal and occupational exposure characteristics.

Results. --Study subjects had been certified for a mean of 29 years; 63.8% of
cases and 62.6% of controls worked as radiologic technologists for 10 years or more.
Significant increased risks for breast cancer were associated with early age at men-
arche (for<11 years of age: RR=1.79; 95% confidence interval [Cl], 1.09 to 2.94),
nulliparity (RR=1.36; 95% CI, 1.04 to 1.78), first-degree relative with history of breast
cancer (RR=2.07; 95% CI, 1.56 to 2.74), prior breast biopsy (RR=1.53; 95% CI, 1.17
to 2.00), alcohol consumption (for >14 alcoholic drinks per week RR=2.12; 95% CI,
1.06 to 4.27), thyroid cancer (RR=5.36; 95% Cl, 1.64 to 17.5), hyperthyroidism
(RR= 1.66; 95% Cl, 1.02 to 2.71), and residence in the northeastern United States
(RR=1.66;95% CI, 1.19 to 2.30).Jobs involving radiotherapy, radioisotopes,orfluo-
roscopic equipment, however, were not linked to breast cancer risk nor were per-
sonal exposures to fluoroscopy or multifilm procedures. Use of birth control pills,
postmenopausal estrogens, or permanent hair dyes also were not risk factors.
Based on dosimetry records for 35% of study subjects, cumulative exposures ap-
peared low. Among women who worked more than 20 years, the RR for breast can-
cer was 1.13 (95% Cl, 0.79 to 1 .64).

Conclusions. --More than 50% of the reported breast cancers could be
explained by established risk factors. Employment as a radiologic technologist,
however, was not found to increase the risk of breast cancer. The contribution of
prolonged exposure to relatively Iow dosesof ionizing radiation to breast cancer risk
was too small to be detectable at this time.
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A STUDY OF radiologic technologists
occupationallyexposed to radiation dur-
ing several decades has public health
relevance, since the most common ex-
posures experienced by the general
population are from periodic low-dose
radiation in the course of medical care,
environmental  circumstances, or occu-
pational situations. Most radiologic tech-
nologists are female and thus at risk for
cancer of the breast, an organ known to
be susceptible to induction by radiation,
even from fractionated exposures.1 In
this article, we examine the riskof breast
cancer associated with occupational and
medical exposures to radiation while con-
trolling for the influence of all recog-
nized risk factors.

METHODS
Population

The original study population consisted
of 148 517 radiologic technologists who
had been certified by the American Reg-
istry of Radiologic Technologists(ARRT)
for at least 2 years during 1926 to 1982.2

A questionnaire was mailed to 132 519
registrants known to be alive (99 272
women and 33 247 men); 99 272 responses
were received. Nonresponders were con-
tacted by telephone, resulting in an ad-
ditional 14 324 responses (9506 women
and 4818 men) to an abbreviated ques-
tionnaire (total response rate=79%). The
descriptive features of the questionnaire
survey have been reported previously.2

Several sections of the questionnaire
were similar to parts of the Nurses’
Health Study, which assessed risk fac-
tors for cancer and heart disease among
women older than 30 years.3
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From the self-reported medical his-
tories, 628 breast cancers were identi-
fied among the 79 016 female respon-
dents. Only one breast cancer occurred
among the 25 534 male respondents.
Women who responded to the abbrevi-
ated questionnaire were excluded from
the present analysis because breast can-
cer risk factors and occupational histo-
ries were not available. This exclusion
reduced the number of breast cancers
by 67. Of the remaining 561 reported
breast cancers, 15 were excluded be-
cause of erroneous dates for breast can-
cer diagnosis, 12 were excluded because
the diagnosis occurred before the date
of certification, four were histologically
denied, one failed to match to any con-
trol, and one was reported by a family
member. Overall, breast cancers in 528
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women were available for analysis, of
which 468 were histologically confirmed
based on pathology reports. Histologi-
cal reports were unavailable for 60 cases,
mainly because the diagnoses occurred
before 1980) and information was diffi-
cult to obtain.

An attempt was made to match five
controls each breast cancer case based
on sex, date of birth (±5 years), calen-
dar year of certification (±2 years), and
length of time between certification and
an index date (year of breast cancer di-
agnosis) (Table 1). For a control, the
time between certification and index
date would be the same as the time be-
tween certification and breast cancer
diagnosis of the matched case. Overall,
2628 controls were selected; 522 cases
were matched to five controls; and two

cases each were matched to four, three,
and two controls, respectively.

Risk Factors
The 16-page questionnaire contained

questions on established and suspected
risk factors for breast cancer.4 Details
were obtained on age at menarche, re-
productive history, age at menopause,
family history of breast cancer, breast
biopsy as an indicator of benign breast
pathology, height, weight, alcohol con-

control pills-and Postmenopausal estro-
gens, use of hair dye, and education as
a measure of socioeconomic status.

Estimates of occupational exposure
to radiation were made in several ways.
Number of years worked as a technolo-
gist had been associated with cumula-
tive radiation exposure2 and could be
calculated from responses to the ques-
tionnaire. Annual exposures received be-
fore 1950 were likely higher than those
received in later years because radia-
tion protection practices were not se
strict before 1950. Thus, decade of cer-
tification would be related to amount of
radiation received. For many registrants
working in 1979 or later, cumulative oc-
cupational exposures were available by
linking records with a large commercial
dosimetry company. While 64% of all
registered technologists had information
available in these files, only 34% of the
breast cancer cases and 35% of the con-
trols had computerized exposure re-
cords. The reason for the lower propor-
tion of dosimetry information was be-
cause breast cancer cases and matched
controls were older and more likely to
have stopped working before 1979, the
first year computerised records were
available, than other questionnaire re-
spondents.

Personal exposure to medical x-rays
was also determined. Chest fluorosco-
pies or multifilm x-ray procedures that
could result in direct exposure to breast
tissue would include upper gastrointes-
tinal series and barium swallow, spinal
x-rays, and certain angiographic proce-
dures. Other x-ray examinations, such
as dental procedures, barium enemas,
and kidney-ureter-bladder films, would
contribute only a negligible amount of
radiation to the breast.5

Statistical Methods and Analysis
The measure of association between

specific risk-factors and the develop
ment of breast cancer was the relative
risk (RR), approximated by the preva-
lence odds ratio (comparing the odds of
exposure of breast cancer cases with
that of controls) with 95% confidence
intervals (CIs). Conditional logistic re-
gression methods were used to compare

sumption, cigarette smoking, use of birth



risk factor exposure in cases and indi-
vidually matched controls.6 Risk factors
were often grouped into several catego-
ries, and RRs were computed with the
nonexposed or low-exposed group as the
referent category. Tests for trend were
baaed on the likelihood ratio test.

Breast cancers could have occurred
many years before the survey. There-
fore, care was taken in classifyingwomen
with respect to the timing of the charac-
teristic of interest. Menopause, for ex-
ample, could have occurred before or af-
ter the date of breast cancer diagnosis (or
equivalent index date for the matched
controls). If an event occurred after the
index date, then the woman was consid-
ered not to have the characteristic of in-
terest in the analysis. For example, wom-
en whose children were born after their
index dates were considered to be nul-
liparous in these analyses. SimilarIy, some
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procedures, such as breast biopsy, were
performed in association with diagnosis
or early symptoms of breast cancer, and
such events were not counted. Breast bi-
opsies were entered into the analysis only
if they occurred at least 1 year before the
diagnosis of cancer for the case subjects
or the equivalent index dates for the con-
trols. Reason for biopsy was not asked. A
first-degree relative was considered to
be a mother, sister, or daughter.

Radiation dose information was care-
fully evaluated. Controls may have
larger cumulative doses than cases sim-
ply because they continued to work and
accumulate dose, where as the cases may
have stopped working at the time their
cancers were diagnosed. Again, appro-
priate consideration was taken to en-
sure that exposures after or at the time
of diagnosis were excluded from con-
sideration. some analyses were re-

stricted only to the 303 breast cancers in
women whose cancers were diagnosed
in the 1980s and near the date of ques-
tionnaire response.

RESULTS

Radiologic technologists who devel-
oped breast cancer were similar to their
matched controls in terms of year of
birth (mean, 1930) and year of certifica-
tion (mean, 1956). More than half of the
women were certified before 25 years of
age (Table 1). More than 55% of study
subjects had been certfied for more than
20 years. The mean time between certi-
fication and questionnaire response was
29 years for both cases and controls, and
both groups worked as radiologic tech-
nologists for an average of 15 years. The
mean age at time of questionnaire re-
sponse was 55 years for both cases and
controls, ranging from 23 to 90 years.
The mean age when breast cancer was
diagnosed was 48 years, occurring an av-
erage of 22 years after certification. More
than half(57%)of the breast cancers were
diagnosed in the 1980s.

Breast Cancer Risk Factors
Analyses of established risk factors

for breast cancer provided information
on the likelihood of serious bias in this
series (Table 2). AU such characteristics
examined operated in the manner ex -
pected. 4 Increased risk of breast cancer
was significantly associated with an early
menarche, late menopause, nulliparity,
late age at first birth, family history of
breast cancer, and previous breast bi-
opsy. Risk varied little with number of
children after correcting for age at first
birth. Any full-term pregnancy was
linked to a 16% reduction in risk
(RR=0.84; 95% CI, 0.67 to 1.05). The RR
of breast cancer associated with a first
birth after 30 years of age, compared
with an age of younger than 20 years,
was 2.5 (95% CI, 1.17 to 5.34).

Radiation Exposure
Overall, 63.8% of the cases and 62.6%

of the controls had worked as radiologic
technologists for 10 or more years (Table
3). Among women who worked more
than 20 years, the RR for breast cancer
was 1.13 (95% CI, 0.79 to 1.64). Various
subgroup analyses were conducted to
uncover any patterns of risk that might
be related to occupational exposure
(Table 3). Women certified before 1955
(220 cases) likely received the highest
annual exposures but showed no evi-
dence of increased risk with years
worked, nor did women first certified
before 25 years of age (295 cases) whose
young age at first exposure might place
them at higher risk. There was no evi-



dence of a radiation risk for the 217 wom-
en whose breast cancer developed be-
fore 45 years of age. For women whose
breast cancer developed after 45 years
of age, there was a suggested trend for
increased risk over categories of years
worked, but the trend was not signifi-
cant ( P = .2).

Dosimetry records were not available
for 65% of study subjects because many
of the women had either retired before
1979, the first year that computerized
records were accessible, or a different
dosimetry service had been used than
the one available for this study. Attempts
to reconstruct complete exposure his-
tories by contacting former employers
were unsuccessful because records no
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longer existed or the former employer
was no longer in business, which was
common for those who held jobs before
1960. Based on available dosimetry rec-
ords, there was no evidence for an in-
creasing risk over categories of dose
(Table 4). Indicators of potential high
occupational exposures, such as allow-
ing other technologists to practice x-ray
techniques on themselves or to fre-
quently hold patients during radiologic
examinations, also were not linked to
breast cancer. Jobs that involved fluo-
roscopy, radiotherapy, radioisotopes, or
ultrasound were not correlated with
breast cancer risk.

A wide range of radiologic procedures
performed on the technologists for per-

sonal illnesses were analyzed, but there
was no evidence for any association with
breast cancer. More than 70% of the
female study subjects had received fluo-
roscopic or multifilm procedures, but
again such examinations were not re-
lated to breast cancer risk.

Breast Cancers Diagnosed
During the 1980s

This study includes women whose can-
cer occurred over many years and who
survived to the time of the question-
naire mailing. If survival was associated
with breast cancer risk factors and ra-
diation exposure, then analyses includ-
ing the surviving cases might result in
spurious findings. Analyses restricted
to the 303 breast cancers diagnosed dur-
ing the 1980s, and close in time to the
questionnaire response, provided little
evidence for an increasing risk with
years worked (P for trend=.19). For
those women diagnosed in the 1980s and
who were occupationally exposed to ra-
diation for 20 or more years, the RR was
1.21 (95% CI, 0.75 to 1.96) (Table 3).

Other Risk Factors

The survey also contained questions
on a variety of demographic, lifestyle,
and suspected breast cancer risk factors
(Table 5). Significant risks for breast
cancer were associated with thyroid con-
ditions, weekly consumption of more
than 14 alcoholic drinks, and living in
the northeastern United States. No clear
patterns were seen for Quetelet’s index
(weight in kilograms divided by the
square of height in meters), miscarriage,
abortion, cigarette smoking, oral con-
traceptive use, postmenopausal estro-
gen use, or hair dye use. Oral contra-
ceptive use was also not related to breast
cancer among the 217 women who de-
veloped breast cancer at younger than
45 years.

Based on only six cases, a personal
history of thyroid cancer was correlated
with a significant increased risk of breast
cancer (RR=5.36; 95% CI, 1.64 to 17.5).
Hyperthyroidism was also a significant
risk indicator (RR=l.66; 95% CI, 1.02 to
2.71). Current residence in one of 12
northeastern states (New York, Mas-
sachusetts, Vermont, New Hampshire,
Connecticut, New Jersey, Maryland,
Delaware, Rhode Island, Pennsylvania,
Maine, or Washington, DC) was signifi-
cantly linked to breast cancer (RR=l.66;
95% CI, 1.19 to 2.3), even after adjust-
ment was made for all known breast
cancer risk factors. State of birth was
similarly associated with risk for breast
cancer but not after adjustment. was
made for state of residence. Urban



residence, defined by ZIP code desig-
nations from the Census Bureau, was
not related to breast cancer risk. Ad-
justment for these demographic and sus-
pected breast cancer risk factors did not
meaningfully change the risk estimates
associated with radiation exposure.

Nonresponders
Among the 105 365 women who were

certified members of the ARRT, 79 016
(79.6%) responded to our surveys (69 510
responded to the full questionnaire and
9506 responded to an abbreviated ques-
tionnaire). Of the total number of cer-
tified women, 2574 (2.4%) were never
located, 3539 (3.4%) had died, and 20 256
(20.4%) failed to return the question-

naire. Among those who died, 425 breast
cancers were recorded as the cause of
death in comparison with 431 expected
breast cancers based on mortality rates
in the general population (RR=0.99; 95%
CI, 0.9 to 1.1). Thus, women employed
as radiologic technologist were not at
increased risk of death from breast can-
cer compared with women in the gen-
eral population born in the same calen-
dar years.

Persons whom we were unable to lo-
cate tended to be more similar to those
who died than to those known to be
alive. Proportionately more were born
before 1940, certified before 1950, and
certified after 30 years of age. Conceiv-
ably, many unlocated technologists may

have died before 1979 when national
death registration began. A special ef-
fort, including telephone contact, was
made to encourage nonrespondents to
complete a short questiomaire. This ef-
fort resulted in an additional 9506 wom-
en respondents; information on breast
cancer and a few other variables was
also obtained. The proportions of wom-
en with breast cancer reported on the
long and abbreviated questionnaire were
similar (6.7 and 7.0 per 1000, respec-
tively). Nonrespondents were similar to
respondents with regard to most char-
acteristics available for evaluation. Thus,
it seems unlikely that differential re-
porting bias would have adversely af-
fected the study findings.

COMMENT

Few studies of occupational groups
exposed to radiation have included worn-
en, and thecurrent investigation is by
far the largest. In China, approximately
5400 female x-ray workers were followed
up for an average of 16 years from 1950
to 1985, and a nonsignificant 1.5-fold risk
of breast cancer was reported based on
20 incident cases.7 Women employed as
radium dial painters before 1950 who
were exposed to excessive gamma ra-
diation from radium paint containers
were at elevated risk for breast cancer,
but the increase has not been clearly
linked to radiation exposure and might
be attributable to reproductive factors
such as nulliparity.8,9 Pioneering x-ray
workers, primarily men, in the United
States and other countries. were found
to be at increased risk for various can-
cers, but the absence of accurate dosi-
metric information has precluded risk
quantification. For men working in the
nuclear industry, estimates of radiation
exposure can be made based on per-
sonal dosimeter readings, but the evi-
dence for radiation-related risks remains
somewhat equivocal.10,11

Ionizing radiation was first linked to
increased breast cancer rates in women
frequently exposed to x-ray fluorosco-
pies during lung collapse treatments for
tuberculosis. 1,12,13 Excess risks were also
found in atomic bomb survivors,14,15 in
women treated for benign and malig-
nant breast disease,16-18 and following
radiotherapy for Hodgkin’s disease and
enlarged thymus glands.19,20 Suggested
risks have been reported following ex-
cessive spinal x-ray exposure during ado-
lescence for scoliosis21 and following
treatments for childhood cancer22 and
hemangioma. 23 NO enhanced risk of
breast cancer has been seen following
exposures for ankylosing spondylitis,24

for cardiac catheterization,25 for cervi-
cal cancer,26 or with radioactive iodine



administrations. 27 Reasons for the lack
of an effect in several series may be
attributable to the associated low ra-
diation doses to breast tissue or to the
relatively elderly age of some of the
populations studied. Studies of radio-
genic breast cancer indicate that linear-
ity best describes the relationship be-
tween dose and risk, that age at expo-
sure is an important determinant of risk
with exposures after the menopausal
years carrying minimal risk, and that
latency is inversely related to age at
exposure, ie, that radiation-induced
breast cancers develop late in life when
the spontaneous Occurrence is also high.28

Absence of Association
and Study Limitations

Possible reasons for the absence of a
clear association between employment
and breast cancer in our occupational
series include low cumulative doses, im-
precise measures of dose, relatively short
follow-up at older ages, a lower risk than
expected due to the nature of the ex-
posure, and response bias.

First, the actual exposure might have
been very low. While the expected RR
from 1 Gy is on the order of 1.7 following
exposures at 20 years of age, the risk
decreases to 1.07 if the dose is 0.1 Gy.1

Relative risks of this magnitude are im-
possible to detect epidemiologically, and
thus, positive results would only be pos-
sible if there were a range of exposures
with some meaningful proportion of
women receiving about 1 Gy. Biological
dosimetry studies are ongoing to more
accurately estimate cumulative expo-
sures for long-term radiologic workers.
The glycophorin-A mutational assay for
red blood cells and fluorescent in situ
hybridization techniques for transloca-
tion analysis of blood lymphocyte chro-
mosomes are being applied as biological
dosimeters to assess prior radiation ex-
posures.29,30 Preliminary results indicate
that some technologists received career
doses in excess of 1 Gy. Unfortunately,
in the absence of dosimetry information
for most women employed during the
first half of this century, it is difficult at
this time to assess accurately the actual
power of the current study to detect a
significant risk of breast cancer. Among
the long-term workers who likely re-
ceived the highest exposure, sampling
variability was such that RRs greater
than 1.64 could be ruled out with high
assurance.

Second, years worked is only a crude
indicator of actual radiation dose, and
misclassification in exposure could ob-
scure underlying trends. In addition, it
was not possible to distinguish full-time
from part-time employment.
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Third, it is apparent that radiogenic
breast cancers have along induction pe-
riod. Conceivably, the follow-up may still
be too short to discern radiation effects
among women at older ages. However,
the mean age of cases and controls was
55 years, indicating that there were
substantial numbers of women employed
before 1960 who were followed up for
more than 30 years and who have
entered the ages of later life when can-
cer rates become high.

Fourth, although fractionated expo-
sures do not appear to produce fewer

breast cancers than acute exposures of
the same total dose,1 conceivably, the
very low dose fractions experienced dur-
ing normal employment as a technolo-
gist might allow the body to repair ra-
diation damage more efficiently than it
could for higher dose fractions.13

Fifth, there could be differential re-
sponse bias among women with breast
cancer who were employed for the long-
est periods and who maybe less likely
to respond to the questionnaire. This
bias seems unlikely since a telephone
contact of more than 9600 nonrespon-



dents revealed no unusual pattern in
breast cancer reporting or demographic
characteristics. Further, a mortality
analysis revealed that 425 women had
died from breast cancer, which might be
expected in a general population of simi-
lar ages and dates of birth. Finally, it
was reassuring that all established
breast cancer risk factors operated as
expected in this study of self-reported
prevalent cases of breast cancer.

Other Breast Cancer Risk Factors
Demographic, life style, and suspected

breast cancer risk factors were not found
to confound or distort the association
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between breast cancer and various mea-
sures of radiation exposure. Consistent
with previous reports,31 breast cancer
risk for technologists residing in the
northeast United States tended to be
higher than for those residing in other
regions. The reasons for the geographic
variation within the United States are
not entirely clear and are the subject of
intense current research.

Oral contraceptive use was not linked
to breast cancer, similar to some stud-

tails to evaluate whether certain expo-
sures, such as near the time of menar-

33Postmenopausalche, might be harmful.

estrogen use was also unrelated to breast
cancer risk in our study, but again we
were unable to test whether a modest
increase in risk might be present for
long-term users or among certain sub-
groups.34,35

We found little evidence to support
a causal link between breast cancer
and use of hair dyes36 or cigarette smok-
ing.37 Technologists who consumed
large daily amounts of alcohol were at
significant increased risk of breast can-
cer, consistent with some other inves-
tigations.38 A prior history of thyroid
cancer was associated with subsequent
excesses in breast cancer, se seen pre-
viously in large population surveys of
multiple primary cancers.39 Hyperthy-
roidism was positively correlated with
breast cancer, and hypothyroidism was
negatively correlated. We noted a ten-
dency for tall women to be at slightly
higher risk than short women, and in-
creased weight also appeared to be a
risk indicator for breast cancer. Overall,
however, obesity was not clearly related
to risk.40 In contrast to such ambiguous
findings, significant associations were
seen for established risk factors: early
age at menarche, late age at menopause,
late age at first birth, nulliparity, family
history of breast cancer, and prior breast
biopsy as has been previously reported
by others.4

CONCLUSION
The recognized breast cancer risk fac-

tors (ie, reproductive, menstrual, and
family histories) could account for more
than 50% of the reported breast cancers
among radiological technologists.4l The
contribution of long-term exposure to
low levels of ionizing radiation to breast
cancer risk was, in comparison, small
and not detectable in our study of more
than 105 000 women. While no radiation
findings were statistically significant,
further follow-up might evaluate the sug-
gested difference between premeno-
pausal and postmenopausal breast can-
cers as well as incorporate biological
measures of exposure to improve the
estimates of dose. Further, evaluation
of mutations in the ataxia telangiectasia
gene among technologists with breast
cancer might shed light on the possible
role genetics might play in radiation-
induced breast cancer.42
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