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COMPLETED RESEARCH IN HEALTH SCIENCES, Texas Woman’s University,
Denton, TX. August 2001

Spira, J. B. The incidence of breast cancer among domestic and international flight
attendants. Ph.D. in Health Sciences, 2001, 119 pp. (M. Shaw-Perry)

The purpose of this study was to determine whether the incidence of breast cancer is
different between female flight attendants and women in the U.S. population, and
between domestic and international flight attendants. The sample used for this study was
full and part-time employed flight attendants at commercial airlines in the United States.
The instrument used to collect data for the study consisted of the Spira Online Flight
Attendant Survey (SOFAS), available in an online and printable version, developed by
the researcher. Participants were profiled based on age, gender, ethnicity, menarche, age
at first child’s birth, clinical diagnosis of breast cancer, unilateral or bilateral mastectomy,
and first-degree relative history of breast cancer. Flight variables considered were Flight
Schedule, Type of Aircraft, Average Hours Flown per Month, Flight Duration and
Altitude, and Base City. A total of 414 completed surveys, 190 responses from domestic
flight attendants (45.9%) and 224 international flight attendants (54.1%) were used for
the data analyses. The results of the study indicated there was no statistically significant
difference in the incidence of breast cancer between domestic and international flight

attendants.
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CHAPTER 1
INTRODUCTION
Statement of the Problem

A review of the literature revealed that few studies have been done to determine
the etiology of the increased breast cancer rates in flight attendants when compared to the
general population. As a result of this gap in knowledge, there is widespread controversy
concerning several theories as possible causative factors. There is not only an industry-
wide need for information relative to this research, but there is also a lack of preventive
programs and measures within the airline industry, including components for education,
risk reduction, and screening programs that may be tailored to the flight attendant
population.

Breast cancer and the severity of complications that develop secondary to the
disease represent a major health problem. This year, approximately 182,800 women in
the United States will be diagnosed with invasive breast cancer, and approximately
40,800 women will die from breast cancer (American Cancer Society [ACS], 2001). This
exploratory research study can be used to guide the design of health education and

promotion programs for all flight attendants who are at risk for developing breast cancer

within the airline industry.



Rationale

Breast cancer continues to be a serious public health problem both domestically and
internationally. In the United States, breast cancer ranks second among cancer deaths in
women (ACS, 2000). Because many countries do not have national incidence rates, or
only have rates for specific regions, there are fewer countries represented in the incidence
data than in the mortality data (U.S. Department of Health and Human Services
[USDHHS], 1996). In many parts of world, dramatic shifts in cancer occurrence are
being observed by the World Health Organization (WHO) 1998. The World Health
Organization also states that for all countries, breast cancer is the most common cancer
found in women. There are a number of risk factors that are linked to the development of
breast cancer. For example, women who have a first-degree relative (sister, mother, or
daughter) with a history of breast cancer have about a two-fold increased risk of
developing breast cancer (ACS, 2001). Additionally, cancer risk may increase from
exposure to possible environmental factors, such as radiation (ACS, 2001).

A population that appears to be at risk for developing breast cancer due to
occupational exposure is flight attendants. Cancer incidence was studied among 1,764
Finnish flight attendants who received a dose of approximately 2 milliSieverts per year
from cosmic radiation (Pukkala, Auvinen, & Wahlberg, 1995). Female cabin attendants
had a significant, 1.9 fold incidence of breast cancer compared to the national average.
The study corhpleted in Finland raises questions about the incidence of breast cancer

among flight attendants who are continually exposed to low doses of ionizing radiation.



During the last decade, many thepries have been examined in attempts to identify
possible environme;ltal causes for the increased incidence of breast cancer among flight
attendants. The Federal Aviation Administration (FAA) acknowledged in 1992 that
pilots and flight attendants may receive more radiation annually than the average
radiation worker, perhaps up to twice as much relative to altitude U.S. Department of
Transportation (USDOT, 1994). The annual radiation exposure of a typical flight crew
member is comparable to the exposure of a traditional radiation worker (i.e., nuclear
power plant) in the United States. Radiation exposure doubles with every 6,500 feet of
altitude, and solar flares can increase radiation exposure 10 to 20 times (Barish, 1996).

New technology, such as the dosimeter that measures in-flight radiation, has
redirected attention to the long-term cumulative effects of low-level ionizing radiation
to those people who are engaged in high-altitude, long-duration flights (Barish, 1996).
This leads to the question of whether female flight attendants who are engaged in high-
altitude long-duration flights have an increased incidence of breast cancer compared to

women in the general population.
Purpose of the Study
The purpose of this study was to determine whether the incidence of breast
cancer is different between female flight attendants and women in the U.S. population,

and between domestic and international flight attendants.



Hypotheses

The null hypotheses for this study were as follows:

Ho1: There is no significant difference in the incidence of breast cancer
between female flight attendants and women in the U.S. population.

H,2: There is no statistically significant difference in the incidence of breast cancer
between domestic and international female flight attendants.

H,3: There is no statistically significant difference in the incidence of breast cancer
between international female flight attendants and women in the U.S. population.

Ho4: There is no statistically significant difference in the incidence of breast cancer
between domestic female flight attendants and women in the U.S. population.

Definition of Terms
1. Breast Cancer. A cancer, or abnormal growth of cells, located within the

breast tissue of either males or females (ACS, 2001).

2. Domestic Flight Attendant. A cabin crewmember of a commercial airline

flying domestic routes (within the continental United States) for a shorter duration (less
than six hours) and at a lower altitude (less than 35,000 feet) than flown by

international flight attendants.

3. Ionizing Radiation. Any radiation, as a stream of alpha particles or x-rays, that

dissolves or becomes altered as it passes through a medium (Barish, 1996).

4. TInternational Flight Attendant. A cabin crewmember of a commercial airline

flying routes between nations of altitudes in excess of 35,000 feet and of durations of six

or more hours.



5. Radiation. The complete process in which energy is emitted by one body,
transmitted through an intervening medium or space, and absorbed by another body.
During this exposure, energy is transferred from the radiation into the material (Barish,
1996).

6. Sievert. The sievert is a measure of the biological harm that ionizing radiation
might cause. It is most commonly expressed in milliSieverts (USDOT, 1994).

7. Spira Online Flight Attendant Survey (SOFAS). A survey developed by the
researcher that will provide a baseline to compare the incidence of breast cancer
among commercial female flight attendants and women in the U.S. population, and
between domestic and international flight attendants. |

Limitations

The limitations of this study were as follows:

1. The study was limited in scope due to the convenience sample; therefore,
generalizability was impacted.

2. The study was limited in scope to the setting from which the sample was
obtained; therefore, generalizability was impacted.

3. Only currently employed commercial flight attendants were surveyed;
therefore, generalizability was decreased.

Delimitations

The study was delimited by the following:

1. The sample consisted of commercial airline female flight attendants

between 20 and 80 years of age.



2. Flight attendants who reported less than five years of experience were not
included in the data analysis.

3. The study included only female flight attendants who completed either the
online or the printed survey during the designated time period.

Assumptions

The assumptions in this study were as follows:

1. All flight attendants in the sample answered questions on the self-report
online questionnaire or the newsletter survey honestly and to the best of their ability.

2. All flight attendants in the sample had documented knowledge of hours flown
on specific aircraft during their career.

3. All flight attendants had sufficiently accurate recall of the number of
hours tlown on specific aircraft during their career.

4. Both male and female flight attendants completed the online or the
newsletter survey.

Significance of the Study

An increasing number of studies have been conducted on in-flight radiation,
especially relative to commercial airline flight attendants and breast cancer. One of the
major reasons for this increased research focus is the growing international concern that
in-flight radiation is a risk factor associated with breast cancer and that long-term
occupational exposure to ionizing radiation affects flight attendanfs. According to Boice,
Blettner and Auvinen (2000), exposure assessment for pilots is reasonably good because

of the completeness of flight records and the computer programs now available to
6



account for exposures at different altitudes and latitudes. Exposure assessment for cabin
crew is a bit more problematic because their flight history records are usually discarded
within a few years and most aircrew fly a wide variety of routes in a given year (Boice,
Blettner, & Auvinen, 2000). Other reasons for studying the relationship between breast
cancer and in-flight radiation are to better understand in-flight radiation exposures, and to
obtain accurate measurement of these exposures.

Breast cancer studies of flight attendants have examined different possible
etiological factors such as ionizing radiation (Pukkala, Auvinen, & Wahlberg, 1995),
melatonin hormone levels (Mawson, 1998), and a possible pesticide factor (Wartenberg
& Stapleton, 1998). In 1995, Pukkala, Auvinen, and Wahlberg performed a design-
record linkage study in Finland composed of 1,577 female and 187 male cabin attendants.
The results indicated a significant increase of breast cancer and bone cancer found in
female flight attendants compared to the Finnish cancer registry of the general population
(Pukkala, Auvinen, & Wahlberg, 1995). Unpublished research being conducted by Peggy
Reynolds has linked a large, well-defined cohort of flight attendants with the state-of-the-
art population-based statewide cancer reporting system maintained by the California
Cancer Registry to see if the same breast cancer risk relationship is evident as was
identified by researcher Euro Pukkala and his colleagues (Reynolds, n.d.).

Current protection standards in the United States for environmental and
occupational e‘xposures to ionizing radiation are mainly based on estimates of radiation-
induced cancer risks derived from studies of atomic bomb survivors in Hiroshima and

Nagasaki, Japan, and for patients irradiated for therapeutic purposes (Mawson, 1998).
7



Further research is necessary to ensure a safe work environment and to identify
environmental fact(;rs that may cause cancer in the general population (Barish, 1996).
European and Canadian regulatory agencies have been more concerned about
radiation exposure to flight crews than the Federal Aviation Administration of the
United States. Effective May 13, 2000, the European Council Directive 96/29 required
that carriers in the European Union [EU] take the following steps to manage radiation
exposure among flight crew: 1) determine which flight segments are likely to result in
radiation exposure exceeding established standards; 2) set up methods to measure
effective doses of radiation for individual crew members; 3) inform crew members of
possible health risks; and 4) ensure that the fetus receives no more than the acceptable
exposure after the crewmember declares pregnancy (European Union Council, 2000).
Workers occupationally exposed to radiation and managers of the EU employees are to
receive instruction on possible health effects associated with such exposure as well as
learn the appropriate actions to take to minimize this exposure (USDOT,1990).
Furthermore, according to Mawson (1998), electromagnetic exposure may
increase the risk for breast cancer. In Aviation Space Environmental Medicine, the
researchers reported a meta-analysis search for published and unpublished cohort studies
of types of cancer among flight personnel from 1986-1998. Their conclusion was that
flight personnel appeared to be at increased risk for several types of cancer (Ballard,
Lagorio, De Angelis, & Verdecchia, 2000). Wartenberg and Stapleton (1998) note that
another possible link to the increase in flight attendant breast cancer could be the amount

of pesticides containing the known carcinogen DDT regularly sprayed onboard aircraft.
8



Clearly, it is important to develop additional public health screening tools, and
guidelines to systematically update and refine current scientific methodology related
to in-flight radiation research. With the active development of a new generation of
supersonic airplanes that fly at higher altitudes, the issues of altitude, latitude, and flight
duration will become more important elements placing flight attendants at possible
increased risk for developing breast cancer (Barish, 1996). This is a powerful reason to

regularly survey and study the flight crew population.



CHAPTER I
REVIEW OF LITERATURE

A review of the literature was conducted to establish a need for the proposed
research. Consistent with the current emphasis on cancer prevention and control and the
continued interest in occupational cancers, this chapter presents findings from a review of -
the literature, 1987 through 2001, concerning (a) breast cancer in the United States, (b)
flight attendant characteristics, (c) European flight attendant cancer research, (d)
American flight attendant cancer research, (e) evidence of cancers related to radiation
exposures, (f) medically-induced cancer, and (g) radiation regulatory agencies.

Breast Cancer in the United States

Breast cancer is the most commonly diagnosed cancer and the second leading
cause of cancer deaths among American women (WHO, 2001). This year, approximately
182,000 women in the United States will be diagnosed with invasive breast cancer, and
approximately 40,800 women will die from breast cancer (ACS, 2001). After increasing
about 4% per year in the 19808, breast cancer incidence rates in women have leveled off
in the 1990s to about 110.6 cases per 100,000 (ACS, 2001). The biggest risk factors are
being a woman and aging as well as a family history of breast cancer, early onset of
menstrual periods or a late menopause, and never having children or having a first child

after age 30 ( ACS, 2001). These factors may account for up to one-half of all female

10



breast cancer cases and are likely to be associated with the occupation as a female flight
attendant (Ballard et al., 2000).
Flight Attendant Characteristics

The characteristics of flight attendants have changed markedly in the last seven
decades. The first flight attendants were hired by United Airlines in 1930 and by
American Airlines in 1933 (Mahler, 1993). Clearly, the beginnings of the flight attendant
profession has expanded into a large profession that still is primarily composed of
women.

In 1997, there were over 187,875 flight personnel working for United States
airlines, including over 105,366 flight attendants, male and female Air Transport
Association [ATA], 1999. Most flight attendants are women, and many of them are of
childbearing age (Goldhagen, 2000).

Flight attendants also appear to marry later than the general population and to
bear fewer children, or remain childless (AFA, 2001). Other occupational factors include
irregular working hours, alteration of circadian rhythms due to flying over many time
zones in short periods of time, chronic fatigue, disturbance of ovarian function,
inadequate diet, and psychological demands and associated stress (Boice, Blettner, &
Auvinen, 2000). For flight attendants there is also the possibility of prolonged standing
and lifting as well as noise and hearing problems, cabin altitude and related anoxia and
low humidity and temperature changes (Boice, Blettner, & Auvinén, 2000). Clearly,

cosmic radiation, then, is not the only occupational factor of potential concern nor is
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cancer the only potential disease/illness that might be associated with flight (Boice,
Blettner, & Auvinen, 2000).

In addition, flight attendants typically work full or part-time, and many commute
to different “bases” or “hubs” which are frequently different than the cities in which they
claim legal residence (Mahler, 1993). Flight attendants have recently been studied by
researchers examining the incidence and the mortality rates of different occupational
cancers. These research studies have found an increase in specific cancers for both the
flight attendant and the cockpit crews (Pukkala et al., 1995). Exposure assessment for
pilots is reasonably good because of the completeness of flight records and the computer
programs now available to account for exposures at different altitudes and latitudes
(Boice, Blettner, & Auvinen, 2000). Exposure assessment for cabin crew is a bit more
problematic because their flight history records are usually discarded within a few years
and most aircrew fly a wide variety of routes in a given year (Boice, Blettner, & Auvinen,
2000). United States flight crew exposures to natural cosmic radiation are not regulated
or typically monitored (Waters, 2000).

In summary, recent research has revealed an apparent increase of breast cancer
within the flight attendant population compared to the general population. While the
increased cancer risks found here may be explained by well-known risk factors, they may
also be due to unmeasured occupational exposures specific to flight personnel (Ballard et
al., 2000). It rriay also be surmised that those employees working on the most commonly
traveled high latitude/altitude routes are among the most highly exposed occupational

groups (Wilson, 2000). Efforts to identify and clarify cancer risks associated with the
12



workplace continue. This research is necessary to ensure a safe work environment and to
identify environmel;tal factors that may cause cancer in the general population
(USDHHS, 1996).

European Flight Attendant Cancer Research

The Finnair Study, 1995

A recent study in Finland sought to determine whether occupational exposure
among cabin attendants is associated with an excess risk of cancers related to radiation
(Pukkala et al.,1995). Pukkala identified all cabin attendants who had ever worked for
the Finnish flight companies and had not died before January 1, 1967 from the files of the
Finnair Flight Company.

The researchers counted the number of observed cases and person years at risk
separately for three periods of time (1967-75, 1976-84, and 1985-92) by five-year age
groups. They calculated the expected number of cases of cancer overall and for specific
average incidence of cancer in the entire Finnish population during the period of
observation. They divided the subjects further, by time elapsed since recruitment and by
time spent at work. In the latter case, the follow-up started at the date when the person
had been working the required time as a cabin crew member (Pukkala et al, 1995). The
specific cancers selected “a priori” for the analyses comprised cancers related to radiation
and other common cancers, to yield the whole picture of cancer among Finnish cabin
attendants (Pukkala et al, 1995).

In all, 187 men and 1,577 women were followed up by Pukkala and his research

team. The mean length of follow-up for a person was 13.9 years. More than one-third of
13



the participants were below 30 years and a few were older than 60 years of age

(Pukkala et al.,1995). Women in the study reported 35 cancers which was higher than the
expected number of 28.4. Their standardized incidence ratio for breast cancer was 1:87
with a 95% confidence interval of 1.15 to 2.23 (Pukkala et al.,1995). According to
Pukkala and his researchers, estimates of the potential health hazards due to radiation
exposure have been published, but so far no empirical studies on the risk of cancer among
cabin attendants (members of cabin crews) have been studied.

Danish Study, 1990

In Denmark, the incidence of cancer has been monitored for 17 years for the
cohort of participants in the 1970 census. The standardized incidence ratio was calculated
for each occupational group on the basis of the incidence for all economically active
people (Lynge, 1996). The standardized incidence ratio for breast cancer in the Danish
female cabin attendants is 1:61 while in all Danish women with similar backgrounds, the
ratio was 1:40 (Lynge, 1996). The Danish data thus support the Finnish observation that
the risk of breast cancer in female airline cabin attendants is higher than that for all
women with similar backgrounds (Lynge, 1996).

American Flight Attendant Research

New Jersey Study, 1998

Another hypothesized risk factor for breast cancer is exposure to organochlorine
pesticides, pertinent to flight attendants who in past decades have been exposed to
mandatory spraying of the aircraft cabin on arrival in certain countries (Wartenberg &

Stapleton, 1998). Pesticide spraying still does occur in New Zealand, Australia, Africa,
14



and South America (AFA, 2001). Wartenberg and Stapleton (1998) used a self-reported
number of flights on which pesticides were sprayed to evaluate risk of breast cancer,
among flight attendants.

Melatonin Study, 1998

Yet another possible risk factor for breast cancer among flight attendants arises
from the disruption of circadian rhythms due to flying in many time zones. Melatonin
may have a protective effect against cancer development, especially in hormone-
dependent tumors, and disruptions in sleep-waking cycles may lead to an increase in
cancer risk by suppressing melatonin secretion (Mawson, 1998). An epidemiologic study
of totally blind, and severely visually impaired persons found reduced cancer incidence
for breast and prostate among the totally blind compared with a standard population, but
not among the partially blind, suggesting that only the total absence of light results in a
free-running melatonin cycle, and thus protects against cancer (Feychting, 1998).

Cancer Incidence in California Flight Attendants

A recent project, a collaboration between the California Department of Health
Services’ Environmental and Occupational Health programs and the Association of Flight
Attendants (AFA), was designed to provide an initial evaluation of the incidence of
cancers of the breast and other sites among California cabin crews (Reynolds, n.d.). For
these AFA members, statewide population-based cancer incidence information was
collected for a seven-year period, 1988—1994.

Records for the California residents were matched to the statewide population-

based cancer registry to identify the cancer diagnoses concurrent with 1988-1994
15



employment (Reynolds, n.d.). During this time a total of 129 newly diagnosed cancers
occurred among these active AFA members; 117 of these occurred among females,'and
12 among males. Of the total, 91 were invasive cancers, and 38 were in-situ. The most
commonly occurring tumor was cancer of the female breast, with 45 invasive and 9 in-
situ cases (Reynolds, n.d.).

If risk associations for breast cancer or other radiation-associated cancers appear
to be high in this study of flight attendants, it can serve as the basis for more in-depth
studies of cancer risk factors in flight personnel (Reynolds, n.d.). Even the limited data
that will be available from this study when published will represent the largest such study
of flight attendants conducted to date, and will hopefully help inform future health-
related studies of flight crews (Reynolds, n.d.).

Meta-Analysis

In a recent meta-analysis the researchers hypothesize that exposure to cosmic
radiation and other physical or chemical agents may pose health risks for flight personnel.
Ballard and his fellow researchers performed an exhaustive search for published and
unpublished cohort studies of flight personnel from 1986 — 1998. This study included two
incidence studies of flight attendants, using standard meta-analytic methods (Ballard et
al., 2000).

Among female flight attendants, both studies showed increased risks compared
with standard populations for all-sites cancer, malignant tumors of the colon or breast,
and melanoma (Ballard et al., 2000). Results from two flight attendant studies were

combined for all-sites cancer, breast cancer, and malignant melanoma of the skin.
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Excesses were seen for all sites with the strongest finding for melanoma (Ballard et al.,
2000). Correcting the single cancers for socioeconomic status, the combined relative
risks remained elevated. These findings suggest that more than 22% of all cancers, 35%
of melanomas, and 26% of breast cancers may be attributable to occupation as a flight
attendant (Ballard et al., 2000).

The purpose of the research was to combine the evidence from the small number
of available flight crew studies as a background rationale for further research (Ballard et
al., 2000). While the increased cancer risks found in this research may be explained by
well-known risk factors, they may also be due to unmeasured occupational exposures
specific to flight personnel (Ballard et al., 2000).

Evidence of Cancers Related to Radiation Exposure

The majority of the public in industrial countries believe that pollution and low
doses of radiation are threats to good health (Tubiana, 2000). Fearful public concern
about radiation began in 1955, with the beginning of the Cold War, when the possibility
of a nuclear holocaust appeared very real (Tubiana, 2000).

Radiation does not act entirely in isolation. It can interact with other carcinogens,
e.g., tobacco or chemotherapeutic agents, and with a host of other factors such as age at
exposure, gender, or reproductive history (Ron, 1998). “There is considerable uncertainty
about radiation-induced health risks for aircrews,” states Dr. Wallace Friedberg of the
United States Federal Aviation Administration. “We do not have adequate information

about the health effects of the high-energy radiations to which aircrews are exposed”,

(W. Friedberg, personal communication, March 28, 2001).
17



Deadly Glow Study, 1920

The radium‘ dial worker tragedy recounts the events surrounding radium dial
workers in the 1920’s, who between the ages of 11 years and 45 years of age, suffered
painful disabilities, disfigurements, and death from ingesting small amounts of radium
paint as they tipped their paint brushes between their lips to form a fine brush stroke
painted on watches and gauge dials (Mullner, 1999). This classic study of women
who painted radium dials before 1930 showed high rates of bone sarcomas and head
cancers. They had swallowed large quantities of radioactive radium by licking their
paintbrushes to make fine painting tips; it has been estimated that the average dose
reaching their bone tissues was very high (USDHHS, 1996). These deaths would provide
a vital warning to World War II’s most important military project (Mullner, 1999).

The Atomic Bomb Study, August 1945

Epidemiological studies provide the primary data on the carcinogenic effects of
radiation in humans. Much of what is known has come from the studies of the atomic
bomb survivors, and to a lesser extent from patients receiving radiotherapy (Barish,
1996). There is only one relatively large population that contains people who received a
variety of radiation doses during a single well-documented event (Barish, 1996). This is
the population of approximately 90,000 survivors of the atomic blasts at Hiroshima and
Nagasaki (Barish, 1996). The most common effect seen in the bomb survivors is cancer.
Female survivors who received a single dose of radiation from the blast were found to be
at the same risk for breast cancer as women with tuberculosis who had experienced

repeated fluroscopy exposures over a three to five year period (USDHHS, 1996). This
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suggests that in the case of breast cancer, but not necessarily other cancers, repeated
small doses over the years may be as hazardous as a single, large dose (USDHHS, 1996).
Cancer in this irradiated population is much more frequent than in Japanese of the same
age who were not exposed to radiation from the atomic bomb. It has taken a long time to
collect this information because cancer can be produced 30 or more years after the
irradiation that caused it (Barish, 1996). Ultimately, the studies of the radium dial
workers, along with those of the Japanese atomic bomb survivors, would form the basis
of much of the world’s present knowledge of the health risks of radioactivity (Mullner,
1999).

Chernobyl, Russia Study, 1986

There are other environmental and occupational exposures to radiation.
Radioactive fallout, for example, is produced during nuclear weapons tests when airborne
radioactive particles settle to the ground (USDHHS, 1996). One study showed that
persons accidentally exposed to very high levels of fallout had an increased risk of
thyroid cancer (USDHHS, 1996).

There have been many reports of an increase in the incidence of some diseases as
a result of the April 25, 1986 Chernobyl accident (NEA, 2001). The U.S. Nuclear Energy
Agency also stated that the primary groups of interest for study arevthe 237 people who
suffered from acilte radiation syndrome (ARS), the 15,000 people who lost their ability to
work owing to disease, the 12,000 children who received large doses to the thyroid gland,

and the 9,000 children who were irradiated in utero. There are no documented cases of
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cancer in patients with ARS, though study groups of irradiated children have shown
incidences of thyroid cancer (NEA, 2001).

These studies demonstrate that exposure to moderate to high doses of radiation
increases the risk of cancer in most organs. For all solid cancers combined, cancers of
the thyroid, breast and lung, and leukemia, risk estimates are fairly precise, and
associations have been found at relatively low doses. In general, the breast, thyroid, and
bone marrow are most sensitive to the effects of ionizing radiation (USDHHS, 1996), and
there may be a minimum time lag after exposure of about two years before leukemia
develops and 10 to 15 years before other cancers develop.

Efforts to identify and clarify cancer risks associated with the workplace continue.
This research is necessary to ensure a safe work environment and to identify possible
environmental factors that may cause cancer in the general population (USDHHS, 1996).

Radiation Technologists Study, 1998

The possible mortality risk from low-level chronic exposures to ionizing radiation
was evaluated among 143,517 United States radiologic technologists certified by the
American Registry of Radiologic Technologists between 1926 and 1990 (Doody, 1998).
This is one of the few occupational studies of primarily women (73%) were
exposed to radiation during their employment. More than 2.8 million person-years of
follow-up were a-ccrued through 1990, and 7,345 deaths were identified. Relative to the
general population, the standardized mortality ratio (SMR) for female breast cancer was

significantly elevated relative to all other cancers in a test of homogeneity (Doody, 1998).
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Medically Induced Cancers

From the 1920’s through the 1950’s, radiation therapy was used in Sweden as a
treatment for benign breast diseases ( Mattsson, Ruden, Hall, Wilking, & Rutqvist, 1993).
Total dose, age at first exposure, and time since first exposure were all determinants of
the incidence rate ratio of breast cancer after exposure of the breast to ionizing radiation.
A statistically significant increase in the incidence of breast cancer following radiation
treatment of various benign breast diseases was observed even among women older than
40 years at the time of first treatment (Mattsson et al., 1993).

The breast is a known radiosensitive organ, and elevated rates of breast cancer
have been demonstrated among atomic bomb survivors (greatest among women exposed
before age 20) and among women receiving radiation therapy for various medical reasons
(Ballard et al., 2000). It is of importance both to flight personnel and to frequent flyers to
determine if their risk of cancer is elevated from the potentially harmful effects of
ionizing radiation in the form of cosmic rays and whether current occupational standards
provide sufficient protection (Ballard et al., 2000).

- Radiation Regulatory Agencies
Government standards for radiation protection are established by the National
Council on Radiation Protection and Measurement (NCRP) and its international
counterpart, the International Commission on Radiological Protection (ICRP, 1997).
Both of these organizations offer recommendations for the maximum permissible dose

(MPD) of radiation to which people should be exposed, and those recommendations are
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generally adopted by various government regulatory agencies (e.g., Federal Aviation
Administration [FAA], Environmental Protection Agency [EPA], Occupational Safety
and Health Administration [OSHA], and the National Radiation Council [NRC]) as

the maximum limits permitted by law (ICRP, 1997). Current MPD rates are shown

below:
NCRP ICRP

General Public:

Annual MPD 1 mSv 1 mSv
Radiation Workers:

Annual MPD 50 mSv 20 mSv

Cumulative MPD 10 mSv x age ---

MPD during Pregnancy 5 mSv 2 mSv

The present state of governmental regulations is that acceptable doses of radiation
for both the general public, flight crew, and particularly pregnant females, are continually
declining. Crew members are occupationally exposed individuals who can receive |
significant annual radiation doses as a consequence of their employment, but have
virtually no information to help them assess the risks (Barish, 1996).

There are very few regulatory agencies, either national or international, that have
set radiation limits for the general public and for flight crews. The NCRP (National
Council for Radiation Protection) and the ICRP (International Council for Radiation
Protection) are two such agencies that have developed recommended limits of
estimations of radiation (DOT, 1994). The FAA has informed U.S.. airlines it
is their responsibility to inform flight crews, both pilots and flight attendants, of radiation

estimations and hazards inherent within the occupation. The FAA has also provided flight
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crews with a computer program that will estimate radiation received by entering specific
flight information (i.e., departure city, arrival city, flight altitude, and duration). The
CAMI-6 computer program calculates the estimated radiation received for each crew
member as entered by the crew member (DOT, 1994).

The FAA documented to commercial airlines that it is their responsibility to
inform flight personnel of risks and to provide them with ways to reduce risks to in-flight
radiation (DOT, 1990). The FAA has also notified airlines that they are advised to
provide flight crews with recommendations concerning radiation exposure (DOT, 1994).

Employee Health and Safety

In the past workers, workers were rarely told about the harmful material to which
they were exposed (Mullner, 1999). Under OSHA'’s regulations, employers are now
required to inform workers of the presence of all hazardous chemicals and toxic
substances (Mullner, 1999). Employers also must label all hazardous substances; train
wofkers in the proper means of handling them; develop a written hazardous
communication program; and have a material safety data sheet for each hazardous
substance they use (Mullner, 1999).

In 1975, the FAA established that it, not OSHA, should regulate the health and
safety of airline workers. The FAA formally recognized cosmic radiation as an
occupational exposure for flight crewmembers in 1990 when it published a list of
different expoéure levels expected on varying flight routes Department of Transportation

http://www.bts.gov/nt/DOCS/Ac12052.html). In 1994, the FAA published another

document that recommended that the airlines provide crewmembers with educational
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materials that describe potential exposures and health risks Department of Transportation

http://www.faa.gov/avr/afs/radiation.doc). To date, American Airlines is the only airline

to have complied with this recommendation (AFA, 2001).

Many workers, however, do not know what hazardous substances they are
exposed to, nor do they recognize the illness they are suffering is work-related (Mullner,
1999). Unlike most American workers, flight attendants are not provided with the same
health and safety protections. Flight attendants are not covered by OSHA (Mullner,
1999).

In Washington, D.C. on December 12, 2000, a report was issued by the Federal
Aviation Administration/Occupational Safety and Health Administration Aviation and
Safety Team. It concluded that OSHA’s standards on medical records, record keeping,
anti-discrimination, hazard communication, and sanitation should apply to aircraft. The
blood-borne pathogen and noise standards could also be applied in a modified form
(OSHA, 2001).

On August 7, 2000, a Memorandum of Understanding (MOU) was signed
between the Federal Aviation Administration and OSHA. Under the MOU, OSHA will
continue to enforce its standards for other aviation industry employees, such as
maintenance and ground support personnel (OSHA, 2001). The FAA will issue a
proposed new policy statement on application of OSHA regulations to flight attendant

safety and health (OSHA, 2001).
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The literature currently available related to breast cancer and flight attendants
encompasses two major research studies. The European (Finnish) study reported twice
the incidence of breast cancer when compared to the general population of Finland
(Pukkala et al., 1995). The American study is the largest record linkage study of cancer
among Californian flight attendants to date (Reynolds, n.d.). These two studies provide
strong evidence that while the overall cancer experience of flight attendants does not
differ from that of the general population, they do experience higher rates of certain
cancers (Reynolds, n.d.). This observation is consistent with similiar findings in other
studies reported in the limited literature on this topic to date. Therefore, more research is
needed to determine possible occupational risks among flight attendants for developing

breast cancer.
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CHAPTER III
METHODOLOGY

The purpose of this study was to determine whether the incidence of breast cancer
is different between female flight attendants and women in the U.S. population, and
between domestic and international flight attendants. Descriptions of the sample,
sampling procedures, instrumentation, treatment of data, and statistical methods are
detailed in this chapter.

Study Sample

The study sample was composed of domestic and international commercial airline
flight attendants living within the United States. The study sample included both
domestic flight attendants and international flight attendants. All male flight attendant
respondents were excluded from the sample. Female flight attendants who had worked
less than five years, were also excluded from the sample.

Approval to conduct the research study was provided by the Human Subjects
Review Committee of Texas Woman’s University (Appendix A). An invitation to
participate in the study was sent by the researcher to the Association of Flight Attendants
(AFA) and the Association of Professional Flight Attendants (APFA). Other group
participants such as the International Association of Machinists (IAMAW) and the
Teamsters Local 2000 were contacted by the researcher on multiple flight attendant

websites. One of the associations which initially agreed to participate changed its position
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two days after the survey was posted to the association website. The survey was
subsequently pulled from the website on the second day of its initial posting. The
researcher continued to advertise through other websites such as those of the IAMAW,
Teamsters Local 2000, Delta, Northwest, and American Airlines websites. Flight crew
listservs such as aircrew.com, DeltaAFA, FlightAttendants.org, and Airline Safety.com
that were available and not password protected were also contacted.

The researcher sought to increase the response rate by contacting local flight
attendants personally, as well as commercial airline pilots with American and Delta
Airlines. University faculty and doctoral students were also contacted who would be
flying commercial airlines within the data collection period and who would be willing to
distribute the surveys to the flight attendants on their specific flights.

The study sample included both domestic and international flight attendants
regardless of the size of the aircraft. Of the total number of completed surveys received,
male flight attendants and female flight attendants who had worked less than five years
were excluded from the sample.

Research Instrument

The research instrument used in this study, the Spira Online Flight Attendant
Survey (SOFAS), was developed by the researcher based on input and recommendations
from a panel of experts familiar with the research topic. This panel was comprised of two
flight attendant/attorneys, a flight attendant/pilot, an oncologist, a ilealth educator, a
commercial airline pilot, a physician with a specialization in radiology, and an instrument

design and development expert. This expert panel assessed the content validity and
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readability levels of the online and the printed instruments. The online and printed survey
had several revisions to determine the correct flight terminology used and understood by
the flight population. Content validity was established through written and verbal
communication to the researcher by the panel.

The SOFAS is a two-page online survey or a one-page printed version, composed
of 20 questions in a fill-in-the-blank format that took approximately 10 minutes to
complete. The instrument is divided into two sections:

In the first section, demographic information (10 questions) is requested,
including current age, gender, ethnicity, age of menses, age at first child’s birth, whether
the respondent had a clinical diagnosis of breast cancer, and whether she has had a
mastectomy. Flying data (9 questions) is requested in the second section, including: flight
schedule information such as years employed as a flight attendant, full or part-time
employment on wide body international aircraft, narrow body international, narrow body
domestic, or wide body domestic aircraft; average number of hours flown per month; and
the number approximate duration of flight per sequence or leg; approximate altitude of
flights; and the number of short segments or long segments usually flown. In addition to
these 20 fill-in-the-blank questions, there was an open-ended response section in which
participants could provide their comments.

There was poor response to the pilot study, which was conducted internationally.
Although the pilot study had recorded online responses from Australia, Spain, Canada,

and Sweden, most responses were from the United States. Because the international
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response rate was so low, and since a global standardized incidence rate for breast cancer
was not available, it was decided that this study would focus on participants solely from

the United States.

Data Collection

Data collection began on February 15, 2001 and concluded on March 15, 2001.
The survey instrument used was the Spira Online Flight Attendant Survey (SOFAS)
deQeloped by the researcher in both an online and a printed format (Appendix E). The
participants were able to use a variety of venues made available by the researcher to
complete the surveys both online and as a printed version. Three options were made
available to the participant to complete the survey: (1) an online version, (2) a printed
version that was administered by the researcher and could be directly returned to the
researcher, or (3) a printed version to be mailed directly to the researcher via a Texas
Woman’s University post office box. No postage stamps, envelopes, or incentives were
provided to the potential respondent by the researcher. Participants had the opportunity to
electronically submit questions to the researcher, which were answered by the researcher
within two days. Requests to speak with the researcher by telephone were honored within
one business week.

Treatment of the Data

The researcher entered the printed version data into the SOFA survey website.

Then the Spira Online Flight Attendant Survey (SOFAS) was downloaded from the

website into a delimeter file. This data was then transferred from Excel and the Statistical
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Package for the Social Sciences (SPSS, version 10.0) for statistical analysis. Descriptive
statistics were used to provide a demographic profile of participants (e.g., age, gender,
and race/ethnicity) and responses to selected items. Chi-square statistical analysis was
used to determine significant differences between the incidence of breast cancer among
domestic and international female flight attendants and between female flight attendants

and women in the United States population.
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CHAPTER IV
FINDINGS

The purpose of the study was to determine whether the incidence of breast cancer
is different between female flight attendants and women in the U.S. population, and
between domestic and international flight attendants. In this chapter the presentation of
findings are provided in both a narrative and a tabular form. Specific findings of the study
to be discussed are the descriptive characteristics of the sample presented in frequency
tables and the results of the Chi-square analysis of the hypotheses. A summary concludes
the chapter.

Descriptive Characteristics of the Sample

A total of 535 participants answered the online or printed version of the SOFA
survey. Forty-one males (7.7%) and 80 females (15%) with less than five years of
experience were excluded before data analysis was begun. Therefore, the following
results are applicable only to the female flight attendants who have flown in excess of
five years.

The final sample was comprised of 414 female commercial airline flight
attendants employed in the United States. The sample was a self-selected convenience
sample open to male and female flight attendants between the ages of 25 and 64 years of
age who were currently employed with commercial airlines in the United States. The

distribution of the survey data, including the personal comments, were included in the
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analysis. A profile of the participants was obtained from analysis of the demographic
data.

The age distribution was as follows: 8 participants (2%) were in the 25 to 29 age
group, 106 participants (26%) were in the 30 to 39 age group, 126 (30%) participants
were in the 40 to 49 age group, 166 (40%) were in the 50 to 59 age group, and 8
participants (2%) were in the 60 to 64 age group. Both the domestic flight attendant
group and the international flight attendant group were similar in age. The women in the
domestic group ranged from 25 to 58 years, with a mean of 42.8 years. The women in the
international group ranged from 27 to 64 years with a mean age of 48.2 years.

The ethnic distribution was as follows: 87% Caucasian, 5.8% were African
American, 1.7% were Hispanic, 1% were Asian, 2.9% listed Other, and 1.7% did not
respond to this item and were coded as Unknown (See Table 1).

Table 1

Ethnicity of the Study Sample

Frequency Percent
Caucasian 360 87.0
African American 24 5.8
Hispanic 7 1.7
Asian 4 1.0
Other 12 2.8
Unknown 7 1.7
Totals 414 100

N =414
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The gender of the participants included in the data analysis was female. Males were not
denied participation in the survey, but were excluded in the data analysis. Female flight
attendants with less than five years flight experience were also excluded in the analysis.
This flight experience for exclusion was chosen as a base-set point to better indicate the
effects of in-flight radiation relative to flight hours.

The employment history of the participants in the sample is shown in Table 2.
Ninety-two or 22.1% of the flight attendants had been employed between 11 and 15.5
years. Eighty-one or 19.4% had been employed 31 to 35 years. Half of the respondents
had been flying from 5 to 20 years and the other half between 21 'and 42 years.

Table 2

Years of Employment as a Flight Attendant

Number of Years Frequency Percent
5.6 -10.5 62 15.0
11.0-15.5 92 22.1
16.0 —20.0 - ¥) 14.0
21.0-25.0 45 11.0
26.0 -30.0 64 15.4
31.0-35.0 81 19.4
36.0-42.0 | 13 3.0
Totals 414 100.0
N=414
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Table 3

Distribution of Domestic and International Flight Attendants

Flight Attendant Frequency Percent
Classification
Domestic 190 45.9
International 224 54.1
- Total 414 100.0
N =414

The approximate duration of the flight attendant segment defined the domestic or
international data classification. Domestic female flight attendants numbered 190, or
45.9% of the sample. International flight attendants totaled 224, or 54.1% of the sample.

The number of hours flown ranged from 30 hours per month to 165 hours per
month with a mean of 78 hours per month. Based on the demographic profile, the age of
the respondents for the onset of menstruation ranged from 9 years to 20 years with a
mean of 12.9. Onset of menses is a known reproductive risk factor for breast cancer as
well as a familial history. The earlier the onset of menses, the more likely a female will
be diagnosed with breast cancer (ACS, 2001). Table 4 depicts the categorical age of the

onset of menses. Values not counted are those that were missing from the survey.
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Table 4

Age of Onset of Menses

Age in years Frequency Percent
9-11 3l 123
12-14 314 75.8
15-20 45 10.9
Missing 4 1.0
N =414
Table 5
Age at the Time of Birth of First Child
n Minimum Maximum X sd
Variable 219 17.0 47.0 28.9 5.4
Parity
€
]
@ 4714
Q PR AT
Parous Nulliparous

Figure 1
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The age of the respondent at the birth of the first child ranged from age 17 to age
47 with a mean age of the first birth at 28.9 years (Table 5). One hundred ninety-five

respondents were nulliparous (47.1%). Two hundred nineteen respondents or (52.9 %)

had borne children (Figure 1).

Flight Attendants with a First Degree Relative Who Had Breast Cancer

100
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Figure 2

Flight attendants who had a first-degree relative (mother, sister, or daughter) who
had been diagnosed with breast cancer totaled 60, or 14.5% of the total sample.

Flight attendants who did not have a first degree relative who had breast cancer totaled

354, or 85.5% of the total sample.
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The descriptive characteristics of the breast cancer survivors are shown in Table
6. Thirty-five of the participants from the sample had been clinically diagnosed with
breast cancer. Those respondents who had undergone a mastectomy numbered 23 out of
the 414 sample of female flight attendants, or 5.5% of the total sample. Those
respondents who had undergone a bilateral mastectomy totaled 11, or 2.7% of the total
female flight attendant sample. The largest percentage of those clinically diagnosed breast
cancer cases described themselves as domestic flight attendants. Although the range of
ages reported by the flight attendants surveyed was 31 to 61 years, the majority fell
between the ages of 51 and 60. The majority of the breast cancer survivors self-reported
as Caucasian (94%). The category of reported onset of menses illustrates that across all
three groupings of breast cancer survivors the majority of flight attendants began menses
between the ages of 13 and 14 years. There was a high percentage of reported nulliparity
across all flight attendant groupings and in both the domestic and international flight

attendant divisions.
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Table 6

Descriptive Characteristics of the Breast Cancer Survivors

Percentage of the Breast Cancer Unilateral Bilateral
Variables Only Mastectomy Mastectomy
=33 Percent N=23 Percent N=11 Percent

Age

31-40 yrs 1 2.9 y. 8.6 1 9.1

41-50 yrs 10 28.7 8 34.6 1 9.1

51-60 yrs 23 65.7 13 56.2 9 81.9

61-70 yrs 1 29 0 0.0 0 0.0
Ethnicity

Caucasian 33 94.0 23 100.0 11 100.0

African-American 1 3.0 0 0.0 0 0.0

Other 3.0 0 0.0 0 0.0
Menses

11-12 12 343 & 30.4 3 273

13-14 20 57.1 15 65.2 8 72.8

15-16 1 2.9 1 4.3 0 0.0

17-18 0 0.0 0 0.0 0 0.0

19-20 1 2.9 0 0.0 0 0.0
Parity

Nulliparous 21 60.0 14 60.9 6 54.5

Had a Child 14 40.0 9 39.1 5 45.5
Flight Attendant
Division

Domestic 19 54.3 12 52.2 6 54.5

International 16 45.7 11 47.8 5 45.5

N=35

38



The number of years employed on commercial aircraft, hours flown per month,
average altitudes ﬂc‘)wn, and specific flight attendant divisions are shown in Table 7. All
breast cancer cases had been employed a minimum of 12 years with a commercial airline.
Of the flight attendants that reported having had a bilateral mastectomy, 63.7% had been
employed with a commercial airline from 32 to 41 years. Across all three breast cancer
survivor groups, the majority of flight attendants report flying 71 to 90 hours per month.
Across all three groups, domestic flight attendants reported a slightly higher incidence of
breast cancer, unilateral mastectomies, and bilateral mastectomies than international

flight attendants.
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Table 7

Flight Experience of Breast Cancer Survivors

Percentage of the Breast Cancer Unilateral Bilateral
Variables Only Mastectomy Mastectomy
N=35 Percent N=23 Percent N=11 Percent
Years Employed
12-21 yrs 12 34.4 11 47.7 3 213
22-31 yrs 10 28.8 3 12.9 1 9.1
32-41 yrs 13 37.3 9 38.9 7 63.7
Hours Flown Per
Month
30-50 1 2.9 0 0.0 0 0.0
51-70 5 14.4 4 17.3 2 18.2
71-90 24 68.7 16 69.4 8 72.8
91-110 5 14.4 3 12.9 1 9.1
Altitude Flown
25-30,000 feet 8 22.9 7 304 5 45.5
31-36,000 feet 15 43.0 7 30.3 4 36.4
37-42,000 feet 11 31.6 9 38.9 1 9.1
Missing 1 2.9 1 9.1
‘Flight Attendant
Division
Domestic - 19 54.3 12 52.2 6 54.5
International 16 45.7 11 478 5 45.5
N =35

Note. These participants reported flying at a mean altitude of 34,629 feet, indicating the

lowest altitude flown was 19,000 feet and the highest altitude was 42,000 feet.



Statistical Analysis of the Data

The data were analyzed using the Statistical Package for the Social Sciences
software (SPSS 10.0, version 1999). SPSS Crosstabs, and a Chi-square test was
performed on the data. Descriptive statistics were used to further analyze the data.
Results of the data analyses were examined in regard to each of the null hypotheses.
Statistical significance was determined at the p = .05 level of significance. Presentation of
the findings for each hypothesis includes a restatement of the hypothesis, the statistical
procedure used, and a brief description of the findings.

Null Hypothesis 1

There is no significant difference in the incidence of breast cancer betweeﬁ female
flight attendants and women in the U.S. population.

In order to perform a test of statistical significance of the differences between
these two groups, comparative data from a sample of women in the U.S. population
would be required. Since such data were not obtained for this study, this null hypothesis
was not analyzed.

Null Hypothesis 2

There is no statistically significant difference in the incidence of breast cancer
between domestic and international female flight attendants.

The variables examined here, type of flight attendant and diagnosis of breast
cancer, were found to be independent of each other; therefore, there is no significant

difference in the diagnosis of breast cancer within the domestic and international flight
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attendant population groups. The Pearson chi-square test showed a chi-square of 1.084

and a p-value of .298, which was greater than .05.

Table 8

Comparisons of the Diagnoses of Breast Cancer for Domestic and
International Flight Attendants

Cancer
Type of Not

Flight Attendant Diagnosed Diagnosed Total
Domestic Count 171.0 19.0 190.0
Expected Count 173.9 16.1 190.0

International Count 208.0 16.0 224.0

' Expected Count 205.1 18.9 224.0
Total Count 379.0 35.0 414.0
Expected Count 379.0 35.0 414.0

x’(1, N =414) = 1.084, p=.298

Null Hypothesis 3

There is no significant difference in the incidence of breast cancer between
international female flight attendants and women in the U.S. population.

In order to perform a test of statistical significance of the differences between
these two groups, comparative data from a sample of women in th;e U.S. population
would be required. Since such data were not obtained for this study, this null hypothesis

was not analyzed.
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Null Hypothesis 4

There is no significant difference in the incidence of breast cancer between
domestic female flight attendants and women in the U.S. population.

In order to perform a test of statistical significance of the differences between
these two groups, comparative data from a sample of women in the U.S. population
would be required. Since such data were not obtained for this study, this null hypothesis
was not analyzed.

The descriptive characteristics of the study sample self-reported at the time of
completing the survey indicated they were mostly female domestic flight attendants and
had flying experience ranging between 5 and 42 years. A clinical diagnosis of breast
cancer was reported by 8.5% of the sample, with 5.6% of the sample reporting a
unilateral mastectomy versus 2.7% reporting a bilateral mastectomy.

The results of the study are summarized in the following statements:

1. There was a not a statistically significant difference between the incidence of
breast cancer between domestic and international flight attendants.
2. Since data was not obtained to test the null hypotheses for 1, 3, and 4, which

involved comparisons to women in the U.S. population, these were not analyzed.
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CHAPTER V

SUMMARY, DISCUSSION, CONCLUSIONS,
AND RECOMMENDATIONS

The final chapter is presented in four parts. The first part, the summary, presents
an overview of the study, including the purpose for the study, description of the
participants, methods of data collection, and treatment of the data. The second part
provides a discussion of the findings. In part three, the conclusions to be drawn from the
study are presented. In the last part of this chapter, recommendations for further research
and a discussion of the implications for health education are provided.

Summary

The purpose of the study was to determine whether the incidence of breast cancer
was different between domestic and international flight attendants in the United States
and between female flight attendants and women in the U.S. population. The research
instrument used was the Spira Online Flight Attendant Survey (SOFAS). The 20-question
SOFAS instrument, in either an online or a printed-version was available to all female
flight attendants employed a minimum of five years with a commercial airline.

The study used a convenience sample population of 535 flight attendants. Of the
535 male and female flight attendants who responded to the survey, 414 female flight
attendants met the gender and minimum years of employment for the final sample. Each
participant completed the SOFAS questionnaire demographic section comprised of (a)

age, (b) gender, (c) ethnicity, (d) age of menarche, (e) age at first child’s birth,
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(f) diagnosis of breast cancer, (g) unilateral mastectomy, (h) bilateral mastectomy, and (i)
a first degree relative (mother, sister, or daughter) diagnosed with breast cancer.
Participants also completed the flight schedule information listed as (a) years employed
as a flight attendant, (b) wide body domestic or international aircraft, (c) narrow body
domestic or international aircraft, (d) average flight hours per month, (e) approximate
duration of flights (hours/leg), (f) approximate altitude of flights, (g) identification of
short or long segments, and (h) city or country of base residence.

Although a number of studies have been conducted on flight attendants and in-
flight radiation, no attention has specifically been given to the possible contributing
factors related to altitude, duration, and work years that differ between domestic and
international flight attendants. It is important that the airline industry as a whole, airline
employee associations, and each individual employee, in particular, be aware of how
those factors might affect the health of flight attendants, both domestic and international.
By becoming more aware and informed, the airline industry, associations, and employees
should be able to address concerns of the flight personnel and advocate continued
research and health education.

Research pertaining to in-flight crew members énd corresponding published and
unpublished studies has primarily focused on large record linkage studies done in Finland
and in Californja. (Pukkala et al. & Reynolds et al.). After an extensive literature search,
no research was found regarding a direct link between ionizing radiation exposures and

breast cancer.
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Data was entered by the researcher into the SOFA survey website. The Spira
Online Flight Attendant Survey (SOFAS) was downloaded from the website into a
delimeter file which was transferred from Excel and the Statistical package for the Social
Sciences (SPSS, version 10.0) for statistical analysis. Descriptive statistics were used to
provide a demographic profile of participants (e.g., age, gender, and race/ethnicity) and
responses to selected items. Chi-square statistical analysis was used to determine
significant differences between the incidence of breast cancer among domestic and
international female flight attendants and between female flight attendants and women in
the United States population.

Discussion of the Findings

During the initial phase of data collection, the researcher anticipated that perhaps
only flight attendants who had experienced breast cancer or surgical removal of one or
both breasts would respond to the SOFAS questionnaire. However, the final data set
indicated that the majority of the women who responded to the survey were women who
had never experienced breast cancer or had a unilateral or bilateral mastectomy. The
numbers who self-reported as breast cancer survivors were actually much smaller than
would have been expected in the U.S. general population of women. Hence, the self-
selection as a confounding factor does not appear to skew the final results.

Relative to the demographic survey questions, both the domestic and international
flight attendant groups were identical in gender, and predominantly Caucasian. Domestic
flight attendants were defined as cabin crewmembers flying less than a 6-hour non-stop

flights, while international flight attendants were defined as those flying between nations
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(internationally) and for durations of longer than 6 hours non-stop. Both groups were
similar with regard to onset of menses with the largest group being the 12-14 year old age
group. The earlier the onset of menses, the more likely a female will be diagnosed with
breast cancer (ACS, 2001).

An unexpected result of the parity survey question was the high percentage
(47.1%) of nulliparous participants among the domestic and international flight
attendants. While these results suggest that flight attendants may experience a higher
percentage of nulliparity than people of the same ages in the general population, this
study cannot provide information on why that may be so. Nulliparity, or not having borne
any children, is a recognized risk factor for breast cancer (ACS, 2001).

Self-reported average altitudes flown were similar between the two groups of
flight attendants. The flight related responses were similar between the two groups, with
a reported mean of 34,629 feet. Additionally, similar cumulative hours were worked
monthly, with a reported mean of 78 hours per month. Flight duration varied according to
the classification of the flight attendant as either domestic (45.9%) or international
(54.1%). The United States breast cancer incidence according to the American Cancer
Society (2001) is 12.5%. The breast cancer incidence within this domestic and
international female flight attendant population was 8.5% (Table 1).

For all ages combined, white women are more likely to develop breast cancer than
any other ethnic group, 113.2 cases per 100,000 population (ACS,. 2001). Seventy-seven
percent of all new cases of breast cancer and 84% of breast cancer deaths occurred in

women 50 years of age and older (ACS, 2001).
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The incidence of breast cancer among women in the U.S. is 12.5%. The breast
cancer incidence among domestic flight attendants in the sample was 10%. These
findings are inconsistent with the earlier research done in other countries such as Finland
and the Pukkala et al study that indicated that the incidence of breast cancer among
Finnish flight attendants was significantly greater than the incidence of breast cancer
among Finnish women in the general population.

There was not a significant difference in the incidence of breast cancer in the
female flight attendant population when compared to the women in the United States
general population. All reported breast cancer cases were observed in respondents 40
years of age or older. The small sample size and the researcher-imposed data collection
- methods influenced the generalizability of these study results. Similar studies and less
restrictive data collection methods need to be implemented using larger, more
representative samples.

Conclusions

Based on the findings from this study, the following conclusions can be drawn

regarding the null hypotheses used for this research.

Null Hypothesis 1. There is no significant difference in the incidence of breast

cancer between female flight attendants and women in the U.S. population. This null
hypothesis is NOT REJECTED.

Null Hypothesis 2. There is no statistically significant difference in the incidence

of breast cancer between international and domestic female flight attendants. This null

hypothesis is NOT REJECTED.
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Null Hypothesis 3. There is no significant difference in the incidence of breast
cancer between international female flight attendants and the U.S. population. This null
hypothesis is NOT REJECTED.

Null Hypothesis 4. There is no significant difference in the incidence of breast

cancer between domestic female flight attendants and the U.S. population. This null
hypothesis is NOT REJECTED.
Recommendations

Based on the results of this study, the following recommendations are
presented for further research:

1. Replicate the study within the flight attendant professional associations, using
similar samples, in order to observe for patterns of differences or similarities among the
domestic and international flight attendant groups.

2. Replicate the study using a different procedure (i.e., expanded survey question
base including more flight history information) for administering and collecting data to
further define a possible link between breast cancer and female flight attendants.

3. Replicate the study and include a true control group (i.e., night nurses) to
determine similarities or differences between the two sample groups.

4. Replicate the study to obtain a larger sample size to permit more identifiable
differences between the domestic and international flight attendants.

5. Conduct a longitudinal study, using similar samples and methods, to begin a

tracking and documentation measurement system of flight attendant health records.
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6. Conduct research to determine the most effective message pathways to reach
this geographically diverse population.

7. Use two random populations with a greater difference in the altitude flown
and the number of hours flown. This might clarify the relationship of the variable flight
altitude as a factor in breast cancer in female flight attendants.

8. Conduct follow up studies related to the reported increase in thyroid
cancers among female flight attendants on turbopropeller aircraft (V. Stogner, personal
communication, March 27, 2001).

9. Conduct research to determine the most effective strategies for increasing
flight attendant participation in health research studies.

Implications for Health Education

This group of women, a subgroup of the women at risk for developing breast
cancer due to occupational hazards (i.e., exposure to low dose ionizing radiation), has not
been globally recognized as a special population that requires further study to determine
possible occupational risks for developing breast cancer. Health educators could
contribute to the understanding of the breast health care needs of this special population
of women in the following ways: |

1. Theory testing or evaluation of this group prior to develpping
interventions for.promoting early detection behaviors may help to determine why the
sample does not respond in larger numbers to- health-related surveys.

2. The health educator may conduct assessments to determine the health
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needs of flight attendants and the best design strategies and developments for behavior
change in an effort to respond to the health needs of the flight attendant population.

3. The health educator may attempt to identify industry ‘and association
educational pathways to pursue health education teaching opportunities.

4. The health educator can be a liaison between the airline industry and the
flight attendant associations to promote better employee health practices.

5. The health educator can work within the existing airline industry and/or
flight attendant association organizations to empower flight attendants to realize that
they do, indeed, have control over their own health and the ability to seek out health
education opportunities available to them.

6. Develop health education strategies to impact early detection and
prevention of breast cancer.

7. Conduct health focus groups of flight attendants from varying commercial
airlines to access information related to increasing flight attendant participation in future
health education programs.

Clearly, there is a role for the health education profession to respond to the breast
health care needs of all flight attendants based on survey comments that indicate that both
domestic and international flight attendants also report that this is an area that needs to be
investigated. Designing, implementing, and evaluating appropriate health education

programs that respond to the needs of this population are long overdue.
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