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Abstract

Background—Flight attendants may have elevated breast cancer incidence (BCI). We evaluated
BCI’s association with cosmic radiation dose and circadian rhythm disruption among 6,093 female
former U.S. flight attendants.

Methods—We collected questionnaire data on BCI and risk factors for breast cancer from 2002—
2005. We conducted analyses to evaluate (i) BCI in the cohort compared to the U.S. population;
and (ii) exposure-response relations. We applied an indirect adjustment to estimate whether parity
and age at first birth (AFB) differences between the cohort and U.S. population could explain BCI
that differed from expectation.

Results—BCI was elevated but may be explained by lower parity and older AFB in the cohort
than among U.S. women. BCI was not associated with exposure metrics in the cohort overall.
Significant positive associations with both were observed only among women with parity of three
or more.

Conclusions—Future cohort analyses may be informative on the role of these occupational

exposures and non-occupational risk factors.
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INTRODUCTION

Flight attendants may be at an increased risk of breast cancer due to workplace exposures,
including cosmic radiation and circadian rhythm disruption from traveling across multiple
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time zones [Sigurdson and Ron, 2004; IARC, 2010]. Recently published studies of flight
attendants and other airline crew populations [Pinkerton et al., 2012; Hammer et al., 2014]
have not found elevated risk of breast cancer mortality among flight attendants, nor have
they found exposure-related increases in risk. However, mortality studies have limitations
for breast cancer etiologic research, given the high survival rates from breast cancer [e.g., 5-
year survival was 89-91% from 2000-2004; Howlader et al., 2013]. In addition, records-
based mortality studies rarely supply detailed information on important covariates for breast
cancer, such as parity, age at first birth, or family history of breast cancer. Earlier cancer
incidence studies of airline crew [e.g., Pukkala et al., 1995], summarized in Sigurdson and
Ron [2004]; found increased risks of breast cancer in flight attendants that were not fully
explained by available data on reproductive risk factors. A cancer incidence study conducted
in a pooled cohort of Scandinavian airplane cabin crew [Pukkala et al., 2012] found a 50%
increased incidence rate of breast cancer compared to the general public. In a nested case-
control study that adjusted for parity and age at first birth, breast cancer was not found to be
related to exposure to cosmic radiation or to number of flights with many time zone
crossings, a metric of potential circadian rhythm disruption.

In this study, we present findings from a cancer incidence study conducted in a large U.S.
cohort of female flight attendants, for which a previous mortality report did not find
increased breast cancer risk [Pinkerton et al., 2012], to determine whether the cohort is at
increased risk of incident breast and other cancers and whether risk is associated with flying-
related cosmic radiation dose or to measures of circadian rhythm disruption. This
questionnaire-based cohort represents one of the few among flight attendants to have
information on important risk factors for breast cancer, such as reproductive history and
family history of breast cancer. This manuscript represents the first report of cancer
incidence in this cohort compared to the general U.S. population, and evaluates simple
exposure-response associations for breast cancer in stratified analyses that consider family
history and some reproductive risk factors (i.e., parity and age at first birth).

MATERIALS AND METHODS

This study was conducted under the review and approval of the Institutional Review Boards
of the National Institute for Occupational Safety and Health and the National Cancer
Institute [2014]. Informed consent to participate in the study was obtained from all
participants (or their next of kin for those who had proxy respondents).

Cohort Description

The incidence cohort for this study is a subset of the mortality cohort of former flight
attendants employed by Pan American World Airways (Pan Am) that was described in detail
in Pinkerton et al. [2012]. It was assembled from the personnel records of Pan Am, which
were available for employees who left employment in 1953 or later. It included employees
(male and female) who were employed for at least one year as a flight attendant before Pan
Am ceased operation in 1991, were U.S. citizens when they were hired, and who worked at
least one day after January 1, 1953 (n = 11,324). In 1981, Pan Am acquired National
Airlines. For cohort members who subsequently transferred to Pan Am (n = 1393), the time
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employed as a flight attendant at National Airlines was included in establishing the one year
minimum employment criterion for eligibility.

Of the 9617 women in the mortality cohort, 105 were considered ineligible for the incidence
study because their last known address was outside the United States. The remaining living
female flight attendants in the mortality cohort were invited to participate in the incidence
cohort by completing a detailed telephone or mailed questionnaire (administered between
August 2002 and July 2005), which contained questions about their demographic
information, work history, and non-occupational risk factors for breast cancer (e.g.,
reproductive history and use of alcohol, tobacco, and hormone replacement therapy). For
deceased flight attendants, we attempted to contact next-of-kin, who were invited to
complete the questionnaire about the decedent. Repeated attempts were made by telephone
and mail to contact all non-respondents.

The incidence cohort includes all the telephone interview and mailed questionnaire
respondents (h = 6177), with three exceptions: (i) mailed questionnaire respondents who did
not return a signed consent form or who withdrew consent to participate in the study (n =
33); (ii) women with initially unknown citizenship who indicated they were not U.S. citizens
in a screening question (n = 49); and (iii) women who were diagnosed with a breast cancer
before entry into the cohort (n = 2). The latter two groups were considered ineligible. Thus,
the incidence cohort available for analysis includes 6093 women (64.4% of the 9461 eligible
women in the mortality cohort). This includes 134 proxy respondents in the survey for
decedents or cohort members who were incapable of responding, with the proxies
distributed as follows: 62 spouses; 11 daughters; 7 sons; 21 sisters; 11 mothers; 22 others.

Questionnaire Data

The questionnaire administered to living participants is provided in the online supplement.
Because the present analysis compares the incidence of breast cancer in the cohort to that in
the general population, with adjustment for key factors such as parity, age at first birth, and
family history of breast cancer, we focus here on these covariates in our description of the
handling of questionnaire data.

In this analysis, the non-exposure-related covariates of interest were age, calendar period,
race, parity, age at first birth, and family history of breast cancer. The latter three were
selected out of all potential covariates because they are strong risk factors for breast cancer,
their various categories had relatively high prevalence in the cohort, and they have been
shown to be potential effect modifiers in studies of ionizing radiation and breast cancer risk
[Ronckers et al., 2005]. Parity and age at first birth were also selected because we
anticipated that their distribution would be substantially different in the cohort than in the
U.S. population. The methods by which we obtained data on these variables and how we
treated them for analysis are described in online supplemental material.

Breast Cancer Case Ascertainment

Eligible breast cancer cases occurred between the start of follow-up for each cohort member
(detailed in the “Statistical analyses™ section below) and the questionnaire administration
date. To identify incident breast cancers, we first obtained self (or proxy) report of a cancer
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in the questionnaire. We then conducted medical record follow-back of each reported cancer
case by contacting the physician’s office, hospital, or other health care organization in which
the cancer diagnosis was made and obtaining supporting documentation of the diagnosis.
Self (or proxy) reported breast cancers that were refuted by a review of the medical records
were not included, but we included reported cancers that were neither confirmed nor refuted.
We also linked the incidence cohort to cancer registries in six states (California, Florida,
New York, Texas, Virginia, and Washington), based on the locations of the domiciles for
the airline and on common states of residence for the cohort. Eighty-two percent of breast
cancer cases in the cohort were verified using medical record follow-back and/or cancer
registry linkage. Seven breast cancer cases (primarily carcinoma in situ) were identified
solely by registry linkage. We searched death certificates for all decedents but identified no
breast cancers that were not found via the questionnaire.

All cancer diagnoses obtained from the questionnaire or medical record follow-back were
coded using the International Classification of Diseases revision in effect at the time of
diagnosis. Breast cancer cases were identified based on ICD-8 and -9 code 174, and ICD-10
code C50 (malignant neoplasm of breast) and on ICD-8 code 233, ICD-9 code 233.0, and
ICD-10 code D05 (carcinoma in situ of breast). For cancer registry data, diagnoses were
available from 1ICD-0O-3 codes for site, behavior, and histology. Breast cancer cases were
identified using behavior code 3 and site code C50.0-C50.9. We also included carcinoma in
situ of breast (behavior code 2 and site code C50.0-C50.9). No cases of breast neoplasm of
uncertain behavior were identified in the cohort. For the statistical analyses, we used only
the first diagnosis of a breast cancer for each cohort member. Date of diagnosis was
obtained preferentially from medical records, then registry data, then self (or proxy) reported
age (choosing the midpoint of the age year) for the first reported breast cancer.

Exposure Assessment

We used self-reported work history data to estimate duration of employment for every
cohort member except those who did not provide work history data (n = 195, which includes
proxies). For the latter group, we used work history records from Pan Am and (in some
instances) National Airlines to estimate employment duration. We estimated cosmic
radiation dose for each self-respondent based on her occupational dose received during work
flights and during commuter flights (taken to the domicile to which the flight attendant was
assigned), as described in detail in Anderson et al. [2011]. Briefly, questionnaire data
consisted of airline of employment, assigned domicile, start/end dates of employment at the
domicile, number of block hours (flight time plus taxi time) worked per month, and number
of commuter flights flown per month. These data were combined with domicile-and/or era-
specific dose rates to estimate daily absorbed dose from occupational exposure to cosmic
radiation. The cosmic radiation dose is expressed as absorbed dose in mGy (i.e., no radiation
or tissue weighting factor applied).

The quality of the questionnaire data regarding circadian rhythm disruption was poor for
some respondents, so we calculated the cumulative number of time zones crossed and time
spent working as a flight attendant during the standard sleep interval using algorithms
described elsewhere [Grajewski et al., 2003; Waters et al., 2009].
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Complete work history questionnaire data were available for 99% of living women in the
incidence cohort, and data on commuter travel were available for 98%. For cohort members
(including proxy respondents) with no self-reported work history data (n = 195), cosmic
radiation dose, time zones crossed, and travel in the standard sleep interval were estimated
using the methods of Waters et al. [2009] in combination with work history information
obtained from Pan Am records.

The cosmic radiation dose and circadian rhythm disruption exposure metrics incorporate
exposure incurred during all employment as a flight attendant at Pan Am and National and
(for self-respondents) exposure during commuter flights and from flight attendant jobs at
other airlines, but not exposure from air travel associated with non-flight attendant jobs or
personal air travel.

Statistical Analyses

Statistical analyses were conducted using the NIOSH Life Table Analysis System for
Windows [LTAS.NET; Schubauer-Berigan et al., 2011] to compare the incidence of breast
cancer in the cohort to the incidence of breast cancer that would be expected based on
comparison to the U.S. population. All analyses were planned a priori. The U.S. general
population rates were estimated based on data from the National Cancer Institute’s
Surveillance, Epidemiology, and End Results (SEER) population for the period 1970-2005.
SEER represents cancer diagnosis and population data for a non-randomly selected 28% of
the U.S. population [NCI, 2014]. Data are more representative for urban areas and for races
other than white and for those of Hispanic ethnicity. The rate numerator was based on the
combination of invasive female breast cancer (ICD-10 code C50) and in situ breast
neoplasms (ICD-10 code DO05), which were recoded from ICD-0-3 data in the same way as
for the cohort. The SEER rate file included the number of new cases of female breast cancer
(i.e., both first and subsequent primaries) as the numerator and the total female population
(i.e., including prevalent cases) as the denominator. While the numerator can be adjusted to
include the first primary cancer only, the number of prevalent cases is unknown and (for
early years) can be only estimated based on data from the Connecticut Tumor Registry,
which began in 1935. Because uncertainty is inherent in rates adjusting for prevalent cases,
we chose to use unadjusted rate denominators. In this situation, overall error is minimized
and the SIR is not overestimated by retaining second or subsequent primary breast cancers
in the rate numerator [Merrill and Feuer, 1996]. The rate file was stratified by race (white,
all other races), age (15-19, 20-24, ..., 80-84, 85 +), and calendar year (1970-74, 1975-79,
..., 2000-04, 2005).

Time-dependent variables were used for covariates that could change through the period of
follow-up and for which temporal information was available (e.g., parity, age at first birth),
as well as for the main exposure variables of interest (cosmic radiation dose, number of time
zones crossed, and time spent working during the standard sleep interval).

Person-time at risk for each cohort member began on the latest of the following dates: (i)
January 1, 1970 (the date the SEER rate file begins); (ii) the date the one year employment
eligibility period was met; or (iii) (for flight attendants who transferred to Pan Am from
National) the date of transfer to Pan Am. Person-time at risk ended at the earliest date
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among the following events (i) first diagnosis of breast neoplasm; (ii) death; and (iii)
interview or questionnaire completion.

Person-time was stratified by the LTAS.NET program into age and calendar time strata and
then multiplied by the appropriate race-specific breast cancer rates for women to calculate
the expected number of breast cancer cases, which were summed across all strata. The ratio
of observed to expected number of breast cancer cases was expressed as the standardized
incidence ratio (SIR). Ninety-five percent confidence intervals (CI) were computed for the
SIRs assuming a Poisson distribution for observed cases. The exact Poisson distribution was
used for number observed less than 11; otherwise, Byar’s approximation was used [Breslow
and Day, 1987].

We evaluated SIRs for the overall cohort and for each potential confounder (race, family
history of breast cancer, parity, and age at first birth). SIRs for breast cancer were also
stratified by each exposure variable (cumulative absorbed cosmic dose, cumulative number
of time zones crossed, and cumulative time spent working during the standard sleep
interval), divided into quintiles based on the exposure distribution among cases. For the
primary analyses, we applied a 10-year lag period to the exposure metrics, to account for a
delay between exposure and the diagnosis of breast cancer. A 10-year lag is consistent with
the National Academies’ recommendations [National Academy of Sciences (NAS), 1990]
and recent breast cancer incidence studies among Nordic flight crew [e.g., Kojo et al., 2005;
Pukkala et al., 2012]. We evaluated alternative lags (5, 15, and 20 years) in a sensitivity
analysis.

We calculated standardized rate ratios (SRRs) to compare female breast cancer among
cohort members in higher exposure categories with those in the lowest exposure category for
each 10-year lagged exposure metric, adjusting for age, race, and calendar year. A linear
trend test for the directly standardized rates was calculated in LTAS.NET using weighted
least squares regression with weights estimated from the Poisson variance of the cancer
counts; statistical significance of each trend was determined using a two-tailed Z-test with a
= 0.05 [Rothman, 1986; Schubauer-Berigan et al., 2011].

Analyses were also conducted for each 10-year lagged exposure variable, stratifying on
parity (0, 1, 2, 3 +), age at first birth category (<25, 25—<30, 30—<35, 35 +), or family
history of breast cancer in a first degree relative, in addition to the standard stratification
variables of race, age, and calendar time. These analyses excluded women for whom parity,
age at first birth, or family history of breast cancer was unknown. A parity-, age-at-first-
birth-, or family history-adjusted pooled slope value was calculated (weighted by the inverse
of the variance of the stratum-specific slope estimates) if the estimates were not found to
vary substantially by strata (i.e., no substantial effect modification).

We used indirect adjustment [Axelson and Steenland, 1988] to evaluate the impact on the
breast cancer SIR of differences in parity and age at first birth (separately) in the cohort,
compared to the female U.S. population. For parity, we assumed that parity was the only
reason the Pan Am cohort had an elevated risk of breast cancer and estimated the cohort’s
expected breast cancer incidence rate using the fraction in each parity group and known
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breast cancer rate ratios compared to uniparous women (from Ewertz et al. [1990], adapted
slightly to account for different parity cutpoints used in that study compared to ours): 1.30
for nulliparity, 1 for uniparity, 0.92 for parity of 2, and 0.70 for parity of 3 or more. We
compared this rate to the expected breast cancer incidence rate in the female U.S. population
estimated using analogous fractions of the U.S. population (obtained as a weighted mean of
birth cohorts 1943, 1947, and 1953 from Hamilton and Cosgrove [2010]) and the same
breast cancer rate ratios. The two estimated rates were divided to obtain an estimate of the
bias factor (i.e., the amount of confounding produced by differences in the parity
distributions). The estimated bias in the breast cancer SIR due to differences in parity was
calculated as the quotient of this ratio in the cohort and that in the female U.S. population.
We estimated a bias-adjusted 95% CI by dividing the lower and upper bounds of the cohort
Cl by the bias factor, which should produce an interval that is at least as wide as the true
bias-adjusted CI.

We calculated an indirect adjustment for age at first birth using similar methods, obtaining
U.S. population data on this metric from Kirmeyer and Hamilton [2011] (averaging the
closest available birth cohorts, which were 1935 and 1960), and relative risks for age at first
birth of 3% for each year of delay past age 20 from Parkin [2011]. For the age at first birth
analysis, we assumed that the percentage of parous women was the same in the cohort and
the U.S. population, because data on age at first birth for the latter excluded nulliparous
women and we wanted to evaluate the effects of parity and age at first birth independently.

The flight attendant cohort characteristics are described in Table I. Cohort members had a
median year of birth of 1947, and breast cancer cases were born on average three years
earlier. Only 2% of the cohort overall and 8% of the breast cancer cases were deceased.
More than 90% of the cohort and of breast cancer cases were white. A family history of
breast cancer was reported by 14% of the cohort and 21% of cases. The distribution of parity
was similar among cases and the general cohort, but a slightly higher percentage of cases
had an age at first birth of 25-29 and a slightly lower percentage had age at first birth of 30—
34. Cumulative exposure metrics (including employment duration, absorbed radiation dose,
time zones crossed, and hours spent flying during the standard sleep interval) were all
slightly lower, but with wide variability, among cases than among the cohort. Correlations
among all four cumulative exposure metrics were very high (Spearman p ranged from 0.94
to 0.99).

We observed 344 first primary breast cancers in the cohort. For the LTAS analyses,
beginning follow-up in 1970 (the rate file begin date) eliminated one woman (a breast
cancer case) from the cohort; thus, the total number of breast cancers included in this
analysis was 343, with an accrual of 162,477 woman-years. The overall incidence of breast
cancer in the cohort was 37% higher (95% CI: 23%, 52%) than in the U.S. population,
adjusting for race, age and calendar year (Table I1). Nulliparous and uniparous women had
similar SIRs compared to the general population, at about the overall cohort value. Women
with parity of two had a nearly 60% higher breast cancer rate than the general population,
and those with higher parity had an SIR of near unity. Among parous women, those who
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first gave birth before age 25 did not exhibit an elevated SIR, while women who first gave
birth at older ages exhibited significantly elevated breast cancer rates (34% to 56% higher)
compared to the general population (Table I1).

The Pan Am cohort had much lower parity (Fig. 1) and older age at first birth (Fig. 2) than
U.S. women of similar birth cohorts. The indirect adjustment for the differences in parity
and age at first birth gave a parity-adjusted overall SIR of 1.19 (95% CI: 1.07, 1.32) and an
age-at-first-birth-adjusted SIR of 1.17 (95% CI: 1.05, 1.30). If parity and age at first birth act
independently (leading to multiplicative independent effects), the adjusted SIR for both
would be 1.02 (95% CI: 0.92, 1.13).

In 10-year lagged analyses, cumulative cosmic radiation exposure, hours spent flying during
the standard sleep internal, time zones crossed, and employment duration all showed SIRs
that did not vary substantially across exposure groups (Table I11). Internal comparisons
showed that in no higher exposure group did any of these exposure metrics show elevated
SRRs compared to the lowest exposure groups. The trend slope was non-significantly
negative for each cumulative exposure metric (Table I11). In sensitivity analyses, changing
the exposure lag did not affect these results (Appendix Tables A1-A3).

The exposure-response slopes for the four workplace exposure variables stratified by family
history are shown in Table V. There were no substantive differences in the slopes (i.e., in
their direction or statistical significance) by family history (indicating little important effect
modification), and the pooled slope estimate was similar to the unadjusted slope estimate
(indicating little confounding by family history).

The exposure-response slopes for the occupational exposure metrics stratified by parity are
shown in Table V. Nulliparous women had non-significantly negative breast cancer
incidence trends for absorbed radiation dose, time zones crossed, and employment duration
and a non-significantly positive trend for hours spent in the standard sleep interval.
Uniparous women showed significant negative trends (P <0.01) for absorbed dose and time
zones crossed, and non-significantly negative trends for the other exposure metrics. Women
with parity of two or greater showed positive trends in breast cancer incidence with each
exposure metric, although only absorbed dose, hours spent flying in the standard sleep
interval, and number of time zones crossed among women with parity of three or more were
statistically significant (P <0.05).

Stratification of exposure metrics by age at first birth (among parous women) gave slopes
that were consistently negative for women with age at first birth of 30 or greater, although
few were statistically significant (Table VI). All exposure measures showed a substantially
(and usually significantly) increased SIR and SRR in the highest exposure category for the
parous women who gave birth younger than age 25 (data not shown). Women who first gave
birth younger than age 30 had positive slopes for absorbed radiation dose (non-statistically
significant) and time zones crossed (statistically significant only for the youngest age at first
birth category). A non-significant positive trend was observed for hours spent traveling
during the standard sleep interval among women who first gave birth between age 25 and
29. The slopes for employment duration were consistently negative among all age at first
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birth categories, although only statistically significant for the oldest group. The pooled
estimate for employment duration slope across age-at-first-birth strata was of different
direction than the unadjusted slope, indicating substantial confounding.

DISCUSSION

In this study, we observed that female flight attendants employed at Pan American World
Airways in 1953 or later exhibited a 37% increased risk of age-, race-, and calendar-year-
adjusted breast cancer (95% CI: 23-52%) compared to the U.S. population. This elevated
risk was not explained by any of the workplace exposure metrics, including cosmic radiation
and the two variables used to characterize potential circadian rhythm disruption: number of
flight hours during the standard sleep interval, and number of time zones crossed during
flying. The most likely explanation for the higher risk of breast cancer among this cohort is
the difference in reproductive risk factors compared to the general population. The Pan Am
flight attendants’ cohort had far lower parity, on average, than U.S. women in the same birth
cohorts (Fig. 1) and a later age at first birth (Fig. 2). The indirect adjustments that were
conducted for the independent effects of parity and age at first birth suggest that these two
factors in combination could have explained the excess risk that was observed in the Pan
Am cohort. Research on other cohorts [e.g., Ewertz et al., 1990; Kelsey et al., 1993]
suggests that the effects of these two reproductive risk factors are independent. A relatively
high percentage of the cohort (14%) reported a family history of breast cancer. This estimate
is similar to recent estimates from the Nurses’ Health Study [12.8%; Yaghjyan et al., 2012]
and population-based studies in the United States [e.g., 10.9%; Mai et al., 2010] and may
reflect increasing breast cancer diagnoses over time among U.S. women.

Our lack of observed association between occupational exposures and breast cancer
incidence is consistent with most published studies of flight attendants. An early, small case-
control study [Rafnsson et al., 2001] found a significant four-fold elevation in breast cancer
risk among flight attendants hired after 1971, when doses among young flight attendants
were presumed to be highest. Based on the prevalence of reproductive factors in the general
population and flight attendants, those authors concluded that parity and age at first birth did
not explain the increase in risk compared to the general population. However, they did not
observe differences in parity and age at first birth compared to the general population as
large as were observed in our study. A study of flight crew in Sweden [Linnersjo et al.,
2003] found a 30% increased breast cancer risk compared to the general population, but it
was not related to duration of employment, and differences in parity and age at first birth did
not seem to fully explain the excess. In a nested case-control study [Linnersjo et al., 2003],
breast cancer incidence was higher among those with over 5000 block hours of high-
altitude, long-distance flights, but this was based on a small number of cases and the result
was uncertain and not statistically significant. Another small nested case-control study [Kojo
et al., 2005] found a positive association between self-reported sleep rhythm disruption and
breast cancer incidence, but confidence intervals were very wide. They observed no
association with cosmic radiation. A more comprehensive pooled study among air crew in
four Nordic countries [Pukkala et al., 2012], of comparable size to our study, found a
significant 50% elevation in breast cancer risk compared to the general population. The
authors saw no association between cosmic radiation or the number of flights crossing six or
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Strengths

more time zones and breast cancer risk. They did not estimate the percentage of the
elevation that was due to differences in parity and age at first birth in the cohort and the
general population; however, they also concluded that none of the known risk factors for
breast cancer, including parity and age at first birth, seemed to explain the excess.

For a small percentage of the Pan Am cohort (the 15% who had three or more live or still
births), a significant positive trend was observed for cosmic radiation and the two circadian
rhythm disruption metrics. It is unclear why this group would exhibit greater sensitivity to
the effects of cosmic radiation or circadian rhythm disruption than women with lower parity.
The sensitivity of the breast to radiation and other exogenous (and endogenous) agents is
thought to be lessened after the breast cell differentiation that occurs following first and
subsequent births [Colditz et al., 2006]. Other research suggests breast cancer risk from
ionizing radiation is lower for those with high parity and young age at first birth [Land et al.,
1994; Ronckers et al., 2005]. Thus, our finding seems suspect for cosmic radiation.
However, flight attendants have reported much higher rates of disrupted sleep in cross-
sectional surveys, as compared to the general population [McNeely et al., 2014]. It is
possible that circadian rhythm disruption could also be affected by the spacing of multiple
births and parity. A recent study showed that the frequency of reported sleep insufficiency
among U.S. women increases linearly with the number of children in the home [Chapman et
al., 2012]. It is possible that our subgroup of high-parity cohort members, already sleep-
stressed from the home environment, was more sensitive to the effects of occupational
circadian rhythm disruption. To our knowledge, this is the first time that risks of
occupational exposures among flight crew have been stratified by parity and age at first
birth.

Studies of other shift workers (such as military employees and nurses) have observed a
significant trend of increased risk of breast cancer with duration of night shift work among
women; however, these studies did not evaluate effect modification by parity or age at first
birth [Lie et al., 2006; Schernhammer et al., 2006; Hansen and Lassen, 2012]. Furthermore,
most of these studies observed associations with shift work and breast cancer only after very
long durations of shift work employment. We could not evaluate whether the circadian
rhythm disruption metrics were associated with breast cancer risk among long-term workers
(e.g., those who worked for longer than the cohort median of 7.7 years) because no cases
occurred in the low-exposure groups among these long-term workers, due to the strong
correlation between employment duration and exposure.

This cohort of female Pan Am flight attendants, with over 6000 participants and 344 breast
cancer cases, is among the largest in which a questionnaire-based incidence study has been
conducted. Its large size and long follow-up period make it potentially highly informative on
the association between cosmic radiation or circadian rhythm disruption metrics and breast
cancer. This is the first study to evaluate work at night, although the ability to uniquely
evaluate the effect of this metric was limited by its high correlation with other exposure
metrics. Additional strengths include its use of questionnaire data to obtain information on
other risk factors for breast cancer (to be explored in future analyses), as well as medical

AmJ Ind Med. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schubauer-Berigan et al. Page 11

Limitations

record follow-back and registry linkage for verification of diagnosis. We also had a high
response rate for individual questions on the questionnaire, reducing the need to rely on
imputation for missing data. Although questionnaire data were collected retrospectively
(with respect to breast cancer diagnosis), the occupational exposure metrics other than self-
reported duration of employment as a flight attendant (which corresponded well with
workplace records) were developed using objective external sources [Anderson et al., 2011],
by researchers who were blinded to case status.

The follow-up end date was 2005 or earlier for all cohort members, and it is unknown
whether the results we observed over the studied time period are representative of current
levels of breast cancer risk in this cohort. The incidence cohort had a response rate of only
64% after repeated contact attempts by telephone and mail. The response rate (e.g., by
proxies) was lower among decedents (41%) in the mortality study than among living cohort
members (65%). Among breast cancer decedents, the response rate was similarly low, at
46%. The impact of low response rate on the generalizability of our observed results is
uncertain. However, median duration of Pan Am employment (based on workplace records)
among the respondents (5.8 years) was slightly longer than for the mortality cohort (5.0
years), suggesting that long-term employees of Pan Am were more likely to respond to the
questionnaire.

This cohort of flight attendants had low estimated cumulative cosmic radiation absorbed
dose (7.5 mGy was the median dose) and narrow exposure distribution (90% of the
incidence cohort had dose between 1 and 34 mGy), which limits the ability to detect a
significant dose-response association. Contrary to previous studies that used estimated
effective dose [e.g., Pinkerton et al., 2012; Pukkala et al., 2012], we used units of absorbed
dose that do not incorporate a “quality factor” (Q) or radiation weighting factor that
accounts for the greater relative biological effectiveness (RBE) of high-linear energy
transfer radiation. In part, this was because the recently recommended weights for proton
and neutron radiations are reduced compared to weights used in previous studies. For
example, the International Commission on Radiological Protection [2003], in its most recent
guidance, advocates the use of an RBE of 2 for protons and 6 for the combination of
neutrons of different energies resulting from cosmic radiation [ICRP, 2003, p. 80]. Because
about 50% of the dose equivalent [ICRU, 2010] or 13-25% of absorbed dose [e.g.,
Anderson et al., 2011] of cosmic radiation under commercial aviation conditions is from
neutrons, while the largest contribution is from photons, electrons, and positrons (i.e., low-
linear-energy-transfer radiation), the overall RBE of cosmic radiation would be expected to
be still lower. This is supported by recent studies of empirical microdosimetry for total
cosmic radiation on board actual aircraft at a range of altitudes and latitudes, which suggest
values of Q for total cosmic radiation of approximately 2-2.5 [Meier and Hubiak, 2010;
Burda et al., 2013]. The attenuated Q was thought to be due partially to shielding of
occupants (from low-energy neutrons) provided by the aircraft, fuel, and cargo [Ferrari et
al., 2005; Burda et al., 2013]. The impact of a low RBE for cosmic radiation is the
persistence of the limitation in power of air crew studies to be informative on risk of low-
dose radiation exposure.
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An additional limitation is that the four primary occupational exposure metrics (employment
duration, cosmic radiation dose, number of time zones crossed, and number of hours spent
flying during the standard sleep interval) are all highly correlated, which complicates the
interpretation of positive findings. The correlation between the first three metrics was noted
to be very high in the mortality analysis of this cohort [Spearman p of 0.96-0.99; Pinkerton
et al., 2012]. This high correlation persists in the incidence cohort and is equally high for the
standard sleep interval metric. As noted in the mortality study, this high correlation derives
from the tendency for long-haul flights (which confer the highest cosmic radiation dose) to
cross multiple time zones and to overlap the standard sleep interval of 10 pm-8 am. All
three metrics are obviously also closely related to duration of employment as a flight
attendant. Furthermore, because we did not have individual flight records for each cohort
member, there was likely to be misclassification in exposure estimates. Neither the airline
nor the flight attendants kept records of individual flight histories, and so the radiation and
time-zone metrics may be quite markedly in error. However, such exposure misclassification
will probably introduce Berksonian error into assessments of exposure for both metrics. As
such this will not (to first order) bias the regression estimates, although it will inflate their
variances [Carroll et al., 2006]. The available flight data (domicile-specific averages applied
to each individual) likely contributed to the high correlation between metrics and affected
our ability to detect an association with breast cancer incidence. However, it should be noted
that a more individualized exposure assessment approach used in a recent study of airline
pilots for whom lifetime records of flights were available [Grajewski et al., 2011] also found
that cumulative cosmic radiation dose was highly correlated with cumulative time zones
crossed (Spearman p = 0.91-0.92), though not as highly with employment duration
(Spearman p = 0.66). For flight attendants, it is very unlikely that individualized lifetime
flight records could be reconstructed because such data are not retained either by the airlines
or by the flight attendants themselves.

Another limitation is that we used a population rate file with “prevalent cases” included in
the denominator and “second primaries” included in the numerator, which has been found to
increase population rates by 3.5% [Merrill and Feuer, 1996]. This would lead to a slight
underestimate in our SIRs for breast cancer. The small group of women (n = 38) in the
cohort who indicated they were multiracial (with white as one of the races) were classified
differently than in the cancer incidence rate file. However, this limitation is unlikely to have
influenced these findings, given the small number of affected women. Lastly, in this
analysis, we did not adjust for all reproductive (and other) risk factors simultaneously in
regression models of the association between cosmic radiation or circadian rhythm
disruption metrics and breast cancer incidence, although little evidence of confounding was
seen for the metrics evaluated. Future analyses of this cohort, which focus on internal
comparisons through Cox regression modeling, are being conducted to address this
limitation and to consider a wider range of potential confounders and effect modifiers.

CONCLUSIONS

This large study of breast cancer incidence in a cohort of U.S. flight attendants formerly
employed at Pan Am found increased risk compared to the general population; however,
breast cancer incidence was not related to cosmic radiation or to two metrics of circadian
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rhythm disruption in the overall cohort. The excess risk in the cohort compared to the U.S.
population appeared to be largely explained by differences in parity and age at first birth,
which were lower and later (respectively) in the Pan Am cohort. However, an association of
one or more of the occupational exposure metrics with breast cancer risk cannot be ruled out
for the small subgroup of women with parity of 3 or more or age at first birth below 25. We
recommend that additional research be carried out in populations with extensive shift work
exposure to determine whether this finding is observed elsewhere.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The authors thank many able colleagues currently or formerly employed at NIOSH, including Steven Allee, Faith
Armstrong, Christine Gersic, Stacy Kramer, Zachary Zivkovich, and others, for their assistance in collecting,
coding, cleaning, and programming of data for the study. We thank researchers at Battelle and Westat for assistance
with the administration of the questionnaire and medical record follow-back and coding. Martha Waters, Robert
Daniels, and Elizabeth Whelan of NIOSH and Elaine Ron (deceased) of NCI provided input into the dosimetry,
design, or interpretation of the study. We thank Lian Luo and James Yiin for creating the SEER-based breast cancer
incidence rate file. The study was funded, in part, by an interagency agreement with the National Cancer Institute
and the Office of Women’s Health of the U.S. Department of Health and Human Services.

References

Anderson JL, Waters MA, Hein MJ, Schubauer-Berigan MK, Pinkerton LE. Assessment of cosmic
radiation exposure of female flight attendants using questionnaire data. Aviat Space Environ Med.
2011; 82:1049-1054. [PubMed: 22097640]

Axelson O, Steenland K. Indirect methods of assessing the effects of tobacco use in occupational
studies. Am J Ind Med. 1988; 13:105-108. [PubMed: 3344750]

Breslow, NE.; Day, NE. IARC Scientific Publication No. 82. 1987. Statistical methods in cancer
research: VVolume Il. The design and analysis of cohort studies; p. 69-72.

Burda O, Sato T, Wissmann F. Quality factor of secondary cosmic radiation at flight altitudes. J Radiol
Prot. 2013; 33:339-348. [PubMed: 23480894]

Carroll, RJ.; Ruppert, D.; Stefanski, LA.; Crainiceanu, CM. A modern perspective. Boca Raton, FL:
Chapman and Hall/CRC; 2006. Measurement error in nonlinear models.

Chapman DP, Wheaton AG, Perry GS, Sturgis SL, Strine TW, Croft JB. Household demographics and
perceived insufficient sleep among US adults. J Commun Health. 2012; 37:344-349.

Colditz, GA.; Baer, HJ.; Tamimi, RM. Breast cancer. In: Schottenfeld, D.; Fraumeni, JF., Jr, editors.
Chapter 51 in cancer epidemiology and prevention. 3. Oxford, UK: Oxford University Press; 2006.
p. 1392

Ewertz M, Duffy SW, Adami H-O, Kvale G, Lund E, Meirik O, Mellemgaard A, Soini I, Tulinius H.
Age at first birth, parity and risk of breast cancer: A meta-analysis of 8 studies from the Nordic
countries. Int J Cancer. 1990; 46:597-603. [PubMed: 2145231]

Ferrari A, Pelliccioni M, Villari R. A mathematical model of aircraft for evaluating the effects of
shielding structure on aircrew exposure. Radiat Prot Dosim. 2005; 116:331-335.

Grajewski B, Nguyen MM, Whelan EA, Cole RJ, Hein MJ. Measuring and identifying large-study
metrics for circadian rhythm disruption in female flight attendants. Scand J Work Environ Health.
2003; 29:337-346. [PubMed: 14584514]

Grajewski B, Waters MA, Yong LC, Tseng C-Y, Zivkovich Z, Cassinelli RT. Airline pilot cosmic
radiation and circadian disruption exposure assessment from logbooks and company records. Ann
Occup Hyg. 2011; 55:465-475. [PubMed: 21610083]

AmJ Ind Med. Author manuscript; available in PMC 2015 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schubauer-Berigan et al. Page 14

Hamilton, BE.; Cosgrove, CM. Distribution of women, by parity, exact age, and race of women in
each cohort from 1911 through 1991: United States, 1961-2006 Table 3. Hyattsville, MD:
National Center for Health Statistics; 2010. Available from:/nchs/nvss/cohort_fertility tables.htm

Hammer GP, Auvinen A, De Stavola BL, Grajewski B, Gundestrup M, Haldorsen T, Hammar N,
Lagorio S, Linnersjd A, Pinkerton L, et al. Mortality from cancer and other causes in commercial
airline crews: A joint analysis of cohorts from 10 countries. Occup Environ Med. 2014; 71:313-
322. [PubMed: 24389960]

Hansen J, Lassen CF. Nested case-control study of night shift work and breast cancer risk among
women in the Danish military. Occup Environ Med. 2012; 69:551-556. [PubMed: 22645325]

Howlader, N.; Noone, AM.; Krapcho, M.; Garshell, J.; Miller, D.; Altekruse, SF.; Kosary, CL.; Yu,
M.; Ruhl, J.; Tatalovich, Z., et al. SEER cancer statistics review, 1975-2011. Bethesda, MD:
National Cancer Institute; 2014. Available from: http://seer.cancer.gov/csr/1975_2011/, based on
November 2013 SEER data submission, posted to the SEER web site, Table 4.15

International Agency for Research on Cancer (IARC). IARC monographs on the evaluation of
carcinogenic risks to humans: Painting, firefighting, and shift work. Vol. 98. Lyon, France: IARC;
2010.

International Commission on Radiological Protection (ICRP). Relative biological effectiveness,
radiation weighting and quality factor ICRP Publication 92. Ann ICRP. 2003; 33(4)

International Commission on Radiation Units (ICRU). Reference data for the validation of doses from
cosmic-radiation exposure of aircraft crew. ICRU Report No. 84. J ICRU. 2010; 10(2):35.

Kelsey JL, Gammon MD, John EM. Reproductive factors and breast cancer. Epidemiologic Rev. 1993;
15:36-47.

Kirmeyer, SE.; Hamilton, BE. Childbearing differences among three generations of US women.
Hyattsville, MD: National Center for Health Statistics; 2011. NCHS data brief, no 68

Kojo K, Pukkala E, Auvinen A. Breast cancer risk among Finnish cabin attendants: A nested case-
control study. Occup Environ Med. 2005; 62:488-493. [PubMed: 15961626]

Land CE, Hayakawa N, Machado SG, Yamada Y, Pike MC, Akiba S, Tokunaga M. A case-control
interview study of breast cancer among Japanese A-bomb survivors Il. Interactions with radiation
dose. Cancer Causes Control. 1994; 5:167-176. [PubMed: 8167264]

Lie JA, Roessink J, Kjaerheim K. Breast cancer and night work among Norwegian nurses. Cancer
Causes Control. 2006; 17:39-44. [PubMed: 16411051]

Linnersjo A, Hammar N, Dammstrom BG, Johansson M, Eliasch H. Cancer incidence in airline cabin
crew: Experience from Sweden. Occup Environ Med. 2003; 60:810-814. [PubMed: 14573710]

Mai PL, Wideroff L, Greene MH, Graubard BI. Prevalence of family history of breast, colorectal,
prostate, and lung cancer in a population-based study. Public Health Genom. 2010; 13:495-503.

McNeely E, Gale S, Tager I, Kincl L, Bradley J, Coull B, Hecker S. The self-reported health of U.S.
flight attendants compared to the general population. Environ Health. 2014; 13(1):
13.10.1186/1476-069X-13-13 [PubMed: 24612632]

Meier MM, Hubiak M. Measurements of the radiation quality factor Q at aviation altitudes during
solar minimum (2006-2008). Adv Space Res. 2010; 45:1178-1181.

Merrill RM, Feuer EJ. Risk-adjusted cancer-incidence rates (United States). Cancer Causes Control.
1996; 7:544-552. [PubMed: 8877053]

National Academy of Sciences (NAS). Health effects of exposure to low levels of ionizing radiation:
BEIR V. Washington, DC: National Academy Press; 1990.

National Cancer Institute, (NCI). [Accessed April 18, 2014] Number of persons by race and Hispanic
ethnicity for SEER participants (2010 Census Data). 2014. Available at http://seer.cancer.gov/
registries/data.html

Parkin DM. 15 Cancers attributable to reproductive factors in the UK in 2010. Br J Cancer. 2011;
105(Suppl 2):S73-S76. [PubMed: 22158326]

Pinkerton LE, Waters MA, Hein MJ, Zivkovich Z, Schubauer-Berigan MK, Grajewski B. Cause-
specific mortality among a cohort of U.S. flight attendants. Am J Ind Med. 2012; 55:25-36.
[PubMed: 21987391]

Pukkala E, Auvinen A, Wahlberg G. Incidence of cancer among Finnish airline cabin attendants,
1967-92. BMJ. 1995; 311:649-652. [PubMed: 7549630]

AmJ Ind Med. Author manuscript; available in PMC 2015 October 01.


http://seer.cancer.gov/csr/1975_2011/
http://seer.cancer.gov/registries/data.html
http://seer.cancer.gov/registries/data.html

1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Schubauer-Berigan et al. Page 15

Appendix

Pukkala E, Helminen M, Haldorsen T, Hammar N, Kojo K, Linnersjé A, Rafnsson V, Tulinius H,
Tveten U, Auvinen A. Cancer incidence among Nordic airline cabin crew. Int J Cancer. 2012;
131:2886-2897. [PubMed: 22447246]

Rafnsson V, Tulinius H, Jénasson JG, Hrafnkelsson J. Risk of breast cancer in female flight
attendants: A population-based study (Iceland). Cancer Causes Control. 2001; 12:95-101.
[PubMed: 11246849]

Ronckers CM, Erdmann CA, Land CE. Radiation and breast cancer: A review of current evidence.
Breast Cancer Res. 2005; 7:21-32. [PubMed: 15642178]

Rothman, KJ. Modern epidemiology. Boston: Little, Brown, and Company; 1986.

Schernhammer ES, Kroenke CH, Laden F, Hankinson SE. Night work and risk of breast cancer.
Epidemiol. 2006; 17:108-111.

Schubauer-Berigan MK, Hein MJ, Raudabaugh WM, Ruder AM, Silver SR, Spaeth S, Steenland K,
Petersen MR, Waters KM. Update of the NIOSH Life Table Analysis System: A person-years
analysis program for the Windows computing environment. Am J Ind. 2011

Sigurdson AJ, Ron E. Cosmic radiation exposure and cancer risk among flight crew. Cancer Invest.
2004; 22:743-761. [PubMed: 15581056]

Waters MA, Grajewski B, Pinkerton LE, Hein MJ, Zivkovich Z. Development of historical exposure
estimates of cosmic radiation and circadian rhythm disruption for cohort studies of Pan Am flight
attendants. Am J Ind Med. 2009; 52:751-761. [PubMed: 19722196]

Yaghjyan L, Colditz GA, Rosner B, Tamimi RM. Mammographic breast density and breast cancer risk
by menopausal status, postmenopausal hormone use and a family history of breast cancer. Cancer
Causes Control. 2012; 23:785-790. [PubMed: 22438073]

TABLE Al

Five-year Lagged Results for Exposure-related Variables, Using Quintile Cutpoints for Each
Metric?

95% ClI 95% ClI

Analysis description N cases PY SIR  onSIR SRR  on SRR Trend slope (SE), P
Absorbed dose (MGy) 2.35E-05b(9.09E-06), 0.0097

0to<1.79 68 48,701 137 107,174 10 —

1.79 to <4.04 70 35,688 1.33 104,168 098 0.68,1.41

4.04 to <8.12 67 31,901 145 112,184 1.04 0.72,1.49

8.12t0 <16.0 70 28,710 1.37 1.07,1.73 1.08 0.75,1.56

16.0+ 68 17,477 134 1.04,1.70 154 0.57,4.13
SSlI travel (hours) -8.02E-08 (1.04E-07), 0.44

0 to <395 68 56,625 1.15 0.89,146 1.0

395 to <873 69 31,394 152 118,192 130 0.92, 186

873 to <1585 69 26,247 1.76 137,223 152 1.06,2.17

1585 to <2996 69 28,588 1.30 1.01,1.64 126 0.88,61.80

2996+ 68 19,623 1.28 0.99,162 095 0.67,1.35
Time zones crossed -2.88E-08 (2.41E-08), 0.23
(m

0to0 <933.9 69 52,838 121 0.94,154 1.0 —

933.9 to <1902 69 30,270 156 1.22,1.98 124 0.86,1.77

1902 to <3740 68 31,195 151 117,192 122 0.85,1.76

3740 to <7998 70 31,619 123 096,156 116 0.80,1.68
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95% ClI 95% ClI
Analysis description N cases PY SIR onSIR SRR onSRR Trend slope (SE), P
7998+ 67 16,555 141 1.09,1.79 094 0.65,1.36
Empl. duration (days) -3.70E-08 (1.88E—08)b, 0.049
0 to <853 68 51,313 1.37 1.06,1.74 1.0
853 to <1829 69 36,417 130 1.01,165 097 0.68,61.39
1829 to <3229 68 29,256 152 118,193 113 0.79,1.61
3229 to <6659 71 31,797 120 0.93,151 097 0.67,1.38
6659+ 67 13,694 154 119,195 085 0.60,1.22

PY, person-years at risk; SIR, standardized incidence ratio; Cl, confidence interval; SRR, standardized rate ratio; SE,
standard error; SSI, standard sleep interval.

aThe date of diagnosis was changed for one subject to reduce the influence of a single cell with one event and little person-

time.

Note that this significant slope appears to be a result of a single influential cell and is highly susceptible to cutpoint

choice.
TABLE All
Fifteen-year Lagged Results for Exposure-related Variables, Using Quintile Cutpoints for
Each Metric
95% ClI 95% ClI
Analysis description N cases PY SIR  onSIR SRR on SRR Trend slope (SE), P
Absorbed dose (MGy) -1.40E-05 (3.12E-05), 0.65
0to <1.09 69 81,758 142 1.10,1.79 1.0 —
1.09 to <3.00 69 28,353 112 0.87,142 0.69 0.46, 1.02
3.00 to <5.41 68 19,374 152 1.18,1.93 1.03 0.69, 1.54
5.41to0 <10.7 70 19,847 138 1.07,1.74 094 0.58, 1.53
10.7+ 67 13,145 150 117,191 0.71 0.47,1.09
SSlI travel (hours) -8.31E-08 (9.77E-08), 0.40
0 to <208 69 84,859 125 0.97,1.58 1.0 —
208 to <599 69 26,466 120 093,152 0.94 0.64,1.38
599 to <1146 68 18,737 158 1.23,2.00 1.25 0.86, 1.83
1146 to <2232 70 19,138 137 1.07,1.73 0.93 0.64, 1.37
2232+ 67 13,277 155 1.20,1.96 0.89 0.59,1.32
Time zones crossed (n) 2.10E-08 (6.36E-08), 0.74
0 to <479 68 80,995 144 1.12,1.83 1.0 —
479 to <1339 70 27,756 116 0.90, 1.47 0.71 0.47,1.07
1339 to <2602 68 21,099 140 1.09,1.78  0.87 0.58, 1.32
2602 to <5046 69 19,362 1.38 1.08,1.75 0.87 0.56, 1.36
5046+ 68 13,266 153 119,194 0.84 0.49,1.43
Empl. duration (days) 2.29E-08 (6.68E-08), 0.73
0 to <607 69 83,903 1.34 1.04,1.69 1.0 —
607 to <1338 68 26,059 119 093,151 0.82 0.56, 1.20
1338 to <2436 68 21,582 1.37 1.06,1.73 1.04 0.69, 1.57
2436 to <4230 69 17,687 149 1.16,1.88 0.92 0.62, 1.38
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95% ClI 95% ClI
Analysis description N cases PY SIR  onSIR SRR on SRR Trend slope (SE), P
4230+ 69 13,247 151 117,191 096 054,171

PY, person-years at risk; SIR, standardized incidence ratio; Cl, confidence interval; SRR, standardized rate ratio; SE,
standard error; SSI, standard sleep interval.

TABLE Alll
Twenty-year Lagged Results for Exposure-related Variables, Using Quintile Cutpoints for
Each Metric
95% ClI 95% ClI
Analysis description N cases PY SIR  onSIR SRR on SRR Trend slope (SE), P
Absorbed dose (mGy) -2.19E-05 (3.96E-05), 0.58
0 to <0.52 69 96,854 1.17 091,148 1.0 —_
0.52 t0 <1.94 68 20,847 127 098,161 0.77 0.44,1.35
1.94 t0 <3.94 68 17,676 1.39 1.08,1.76 111 0.51, 2.40
3.94 t0 <6.85 70 13,287 176 1.37,2.22 0.93 0.53, 1.63
6.85+ 68 13,813 139 1.08,1.77 0.69 0.37,1.30
SSl travel (hours) -1.23E-07 (2.26E-07), 0.59
0to<78.4 67 96,494 114 0.89,1.45 1.0 —_
78.4 t0 <439.6 71 25,718 1.07 083,135 0.79 0.44,1.40
439.6 to <841.3 68 14,303 1.69 1.32,215 1.13 0.63, 2.03
841.3 to <1457 69 11,879 191 1.49,242 1.36 0.72, 2.57
1457+ 68 14,084 139 1.08,1.76 0.73 0.40, 1.32
Time zones crossed (n) 1.51E-08 (1.15E-07), 0.90
0to <161 69 95509 1.22 0.95,1.54 1.0 —_
161to <954 69 23,857 113 0.88,143 0.65 0.37,1.16
954 to <1874 68 16,337 150 1.17,190 0.84 0.46, 1.53
1874 to <3307 69 13,444 171 133,217 1.07 0.56, 2.05
3307+ 68 13,330 144 112,183 0.69 0.36, 1.32
Empl. duration (days) 4.86E-09 (7.28E-08), 0.95
0 to <366 68 98,223 111 0.86,1.41 1.0 —
366 to <975 69 21,116 125 097,159 0.80 0.43,1.48
975 to <1826 68 16,820 145 1.13,1.84 0.89 0.48, 1.66
1826 to <3015 69 13,337 172 134,217 0.91 0.49, 1.69
3015+ 69 12,982 147 114,186 0.75 0.33,1.58

PY, person-years at risk; SIR, standardized incidence ratio; Cl, confidence interval; SRR, standardized rate ratio; SE,
standard error; SSI, standard sleep interval.
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B Parity=3+
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Pan Am cohort USborn 1944  USborn 1947 US born 1953

Parity (defined as live birth or still birth in the Pan Am cohort and as live birth in the U.S.
population) in the Pan Am cohort (median year of birth 1947 interquartile range 1944-1953)
compared to U.S. women born in 1944, 1947, and 1953 (Data for U.S. women from
Hamilton and Cosgrove 2010).
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FIGURE 2.

Age at first birth (AFB) (defined as age at first live birth or still birth in both the Pan Am
cohort and in the U.S. population) in the Pan Am cohort (median year of birth 1947
interquartile range 1944-1953) compared to U.S. women born in 1935 and 1960 (Data for
U.S. women from Kirmeyer and Hamilton, 2011).
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TABLE |
Cohort Characteristics

Characteristic Questionnaire respondents  Breast cancer cases
Number 6093 344
Age at end of follow-up for breast cancer®

Median 55.2 51.3

1Q range 48.6-59.0 46.3-56.3
Year of birth

Median 1947 1944

1Q range 1944-1953 1939-1947
Vital statusP

Alive 5972 (98%) 315 (92%)

Deceased 121 (2%) 29 (8%)
Race

White 5568 (91%) 322 (94%)

All other races 525 (9%) 22 (6%)
Family history of breast cancer

No 5062 (83%) 256 (74%)

Yes 846 (14%) 71 (21%)

Unknown 185 (3%) 17 (5%)
ParityC®

None 2125 (35%) 124 (36%)

1 1162 (19%) 63 (18%)

2 1846 (30%) 111 (32%)

3+ 884 (15%) 42 (12%)

Unknown 76 (1%) 4 (1%)
Age at first birthd

<25 380 (10%) 17 (8%)

25-29 1455 (37%) 93 (43%)

30-34 1293 (33%) 65 (30%)

35+ 764 (20%) 41 (19%)
Cumulative absorbed radiation dose (mGy)

Median (1Q range) 7.2 (2.7-17) 5.5 (2.6-16)

Mean (std dev) 12 (11) 10 (10)
Cumulative number of time zones crossed

Median (1Q range) 3600 (1300-8600) 2700 (1200-7400)

Mean (std dev) 5800 (5900) 5000 (5200)
Cumulative hours flying in the standard sleep interval

Median (1Q range) 1500 (510-3200) 1300 (520-3000)

Mean (std dev) 2200 (2200) 2000 (2000)
Cumulative employment duration (years)

Median (1Q range) 7.7 (3.1-17) 6.8 (3.1-16)
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Characteristic

Questionnaire respondents  Breast cancer cases

Mean (std dev)

12 (10) 11 (10)

1Q, interquartile.

Page 21

aDefined as the age at the earliest of: date of first breast cancer diagnosis, date of interview (for living subjects), and date of death (for decedents).

b . . .
At questionnaire completion.

& . I
Number of live or still births.

d . . . T
Among participants with one or more live or still births.
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TABLE Il

Page 22

Standardized Incidence Ratios of Breast Cancer for Women in Overall Pan Am Cohort (n = 6092%) and for

Covariates of Interest

Analysis description  Person-years  SIR 95% ClI
Overall cohort® 162,477 137 1.23,1.52
Race
White 149,064 137 1.23,1.53
All other races 13,414 131 0.82,1.98
Family history of breast cancer
No 134,104 125 111,142
Yes 23,547 189 1.47,2.38
Unknown 4826 2.02 1.18,3.23
ParityP.
0 76,121 135 1.12,1.60
1 29,458 1.38 1.06,1.76
2 37,232 158 1.30,1.90
3+ 17,725 1.05 0.75,1.42
Age at first birth®
<25 9856 1.03 0.60, 1.65
25-29 37,008 144 116,177
30-34 26,105 1.34 1.03,1.70
35+ 11,446 156 1.12,2.12

SIR, standardized incidence ratio, adjusted for age, race and calendar year; CI, confidence interval.

a . . .
One woman was excluded from the cohort because she had a breast cancer diagnosis before the rate begin date.

b . . . . A
Parity indicates number of live or still births.

76 women, including 4 breast cancer cases, were excluded due to missing parity and age at first birth.
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TABLE IV
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Effect Modification of Trend Slope? for 10-Year Lagged Exposure Variables, by Family History

Absorbed dose (MGy) Hours flying in standard Time zones crossed slope  Employment duration
Family history slope (SE) sleep interval slope (SE) (SE) (days) slope (SE)
Yes ~1.15E-05 (2.17E-05) -2.32E-07 (2.21E-07) -6.28E-08 (4.51E-08) -8.86E-08 (1.17E-07)
No ~1.05E-05 (1.04E-05) -5.01E-09 (7.24E-08) -9.42E-09 (2.13E-08) -4.84E-09 (5.39E-08)
Pooled estimate? -1.07E-05 -2.69E-08 -1.92E-08 -1.94E-08
Unadjusted estimate  —1.05E-05 (8.27E-06) —4.34E-08 (9.39E-08) -1.63E-08 (1.98E-08) —-2.07E-08 (5.43E-08)

SE, standard error.

a . .
Slope units are breast cancers per person-year - exposure unit.

b . .
Inverse-variance weighted.
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TABLE V

Effect Modification of Trend Slope? for 10-Year Lagged Exposure Variables, by Parity.

Page 25

Parity (number of Absorbed dose (MGy) Hours flying in standard ~ Time zones crossed slope ~ Employment duration
births) slope (SE) sleep interval slope (SE) ) (days) slope (SE)

0 -2.95E-05 (1.75E-05) 9.93E-09 (1.55E-07) -6.74E-08 (3.48E-08) -6.24E-08 (6.87E-08)
1 -3.90E-05" (1.37E-05) ~-4.65E-08 (2.50E-07) ~7.43E-08" (2.88E-08) ~5.89E-08 (7.86E-08)
2 2.17E-05 (6.39E-05) 1.52E-07 (2.74E-07) 9.98E-08 (1.31E-07) 6.15E-09 (5.39E-08)
3+ 2.62E-04"" (1.23E-04) 7.00E-07"" (2.89E-07) 6.22E-07"" (2.53E-07) 5.11E-07 (4.88E-07)
Pooled estimate? NR NR NR NR
Unadjusted estimate -1.71E-05 (1.20E-05) -4.07E-08 (1.05E-07) —-2.52E-08 (2.81E-08) —3.90E-08 (4.77E-08)

SE, standard error; NR, a pooled estimate is not reported given the strong apparent effect modification.
a . .
Slope units are breast cancers per person-year - exposure unit.
b . .
Inverse-variance weighted.
*
P <0.01.

*

*
P <0.05.
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TABLE VI
Effect Modification of Trend Slope for 10-year Lagged Exposure Variables, by Age at First Birth

Hours flying in

Absorbed dose (mGy) standard sleep interval ~ Time zones crossed slope Employment duration
Age at first birth slope (SE) (SE) (SE) (days) slope (SE)
14-<25 1.02E-05 (8.00E-05) Not reported? 218E-07"* (L01E-07) -1.29E-08 (2.08E-07)
25-<30 4.42E-05 (1.00E-04) 2.58E-09 (4.22E-07) 1.44E-07 (1.86E-07) -2.51E-07 (2.45E-07)
30-<35 ~7.83E-05"" (3.41E-05) -2.83E-08 (2.12E-07) -1.07E-07 (6.98E-08) -4.17E-09 (7.14E-08)
35+ -2.39E-05 (5.06E-05) -6.13E-08 (1.65E-07) -3.16E-08 (L.18E-07) ~1.70E-07"" (8.39E-08)
Pooled estimate NR NR NR ~7.80E-08
Unadjusted estimate 3.94E-05 (3.53E-05) 1.57E-07 (2.13E-07) 8.86E-08 (6.73E-08) 6.38E-08 (7.47E-08)

SE, standard error; NR, a pooled estimate not reported given the strong apparent effect modification.
a - .

Inverse-variance weighted.
b .

Zero-cells present in one exposure category.

*

*
P <0.05.
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