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Aims: To determine the cancer incidence in Swedish cabin crew.

Methods: Cancer incidence of cabin crew ot the Swedish Scandinavian Airline System (SAS) (2324
women and 632 men) employed from 1957 to 1994 was determined during 1961-96 from the Swedish
National Cancer Register. The cancer incidence in cabin crew was compared with that of the general
Swedish population by comparing observed and expected number of cases through standardised
incidence ratios (SIR). A nested case-control study was performed, including cancer cases diagnosed after
1979 and four controls per case matched by gender, age, and calendar year.

Results: The SIR for cancer overall was 1.01 (95% Cl 0.78 to 1.24) for women and 1.16 (95% Cl 0.76 to
1.55) for men. Both men and women had an increased incidence of malignant melanoma of the skin (SIR
2.18 and 3.66 respectively) and men of non-melanoma skin cancer (SIR 4.42). Female cabin attendants
had a non-significant increase of breast cancer (SIR 1.30; 95% CI 0.85 to 1.74). No clear associations
were found between length of employment or cumulative block hours and cancer incidence.
Conclusions: Swedish cabin crew had an overall cancer incidence similar to that of the general
population. An increased incidence of malignant melanoma and non-melanoma skin cancer may be
associated with exposure to UV radiation, either at work or outside work. An increased risk of breast
cancer in female cabin crew is consistent with our results and may in part be due to differences in

reproductive history.

excess risk of breast cancer for female cabin attendants.

The first report came from Finland, showing a
standardised incidence ratio (SIR) of 1.9 for breast cancer
incidence." After this study similar findings were described
for Danish cabin attendants® and for retired air hostesses in
the USA. Recently, an excess risk of breast cancer was
reported from Iceland* and from the United States,” but in a
study from Norway no excess breast cancer risk was
observed.® Several hypotheses have been discussed regarding
the causes of an excess of breast cancer for cabin attendants,
including occupational exposure to cosmic ionising radiation
and low frequency electromagnetic fields. High altitude
flights involve an increased exposure to cosmic ionising
radiation where the level of exposure is dependent on
altitude, flight route, flight duration, and solar activity. It
has been suggested that commercial aircraft personnel may
be receiving yearly doses in the order of 3-6 milliSieverts
(mSv) through occupational exposure.” This is comparable to
the exposure received by workers at nuclear plants, but only
slightly higher than the commonly occurring background
level of radiation.®” Measurements of electromagnetic fields
in the aircraft during flight have indicated exposure levels in
the order of 2-3 milliGauss (mG) in economy class and
5-10 mG in first class.” Furthermore, it has been suggested
that disruption of the circadian rhythm in association with
long distance flights may influence melatonin levels, and
thereby, increase the risk of certain cancer types.'” Other
possible causes of an excess risk of breast cancer among
female cabin crew concern reproductive factors, including the
number of pregnancies and age at birth of first child.'

An increased incidence of malignant melanoma and overall
cancer in female flight attendants was found in a recent
Icelandic study.® The increased incidence of overall cancer
and breast cancer was found primarily in cabin crew starting
work in 1971 or later. An increased incidence of malignant

During recent years several studies have reported an
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melanoma, as well as non-melanoma skin cancer, has also
recently been reported for Norwegian cabin attendants for
both genders.® Among men there was also an increased
incidence of cancer in the upper respiratory and gastric tract,
and cancer of the liver. A recent study from the United States
reported an increased incidence of malignant melanoma in
male as well as in female cabin crew.” Studies of cancer
incidence in pilots do not give a completely consistent
pattern, but indicate that pilots have increased risks of
malignant melanoma and non-melanoma skin cancer.'"”

The possible excess of breast cancer among female cabin
crew and the lack of a consistent pattern in previous
epidemiological studies makes it important to provide
additional data on the cancer incidence in this group.”” In
view of different hypotheses of possible agents that may
cause an increased risk of cancer, it is also of interest to
compare cabin attendants with or without experience of high
altitude, long distance flight duty. The aim of this study was
to describe the cancer incidence in Swedish cabin crew
during the period 1961-96. Total block hours and exposure to
high altitude, long distance flights were analysed in relation
to cancer incidence in cancer cases and matched controls
during 1980-96.

MATERIALS AND METHODS

The study population consisted of cabin crew employed at the
Swedish Scandinavian Airline System (SAS), resident in
Sweden and employed some time during the period 1957-94.
The cabin attendants at SAS were identified using adminis-
trative company registers of employees and archive docu-
ments at the Swedish part of SAS. In all, the study population
included 3202 subjects. The Swedish personal identification
number and date of employment were retrieved for 2956 of
the study population (92%), of whom 2324 were women and
632 men. Analyses of the completeness of the cohort
indicated only a small number of cabin crew missing when
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Main messages

® Cabin crew are occupationally exposed to several
factors that may be associated with an increased risk of
cancer, including cosmic radiation.

® Previous studies have shown an excess risk of breast
cancer among female cabin crew. This was given
further support in the present study where a non-
significant increased incidence of breast cancer among
Swedish female cabin crew was found.

® An increased incidence of malignant melanoma was
seen for cabin crew of both genders, and of non-
melanoma skin cancer for men. This increased
incidence may be due to exposure to UV radiation at
work or outside work.

compared with information about annual numbers of cabin
attendants employed at SAS during the study period.

Incident cases of cancer in the study population during the
period 1961-96 were identified by record linkage to the
Swedish National Cancer Register using the personal
identification number. Similarly, all deaths in the study
population during this period were obtained from the
National Cause of Death Register. From a register of
migration at Statistics Sweden, all migrations into or out of
Sweden by members of the study population during the years
1968-96 were recorded. Reproductive history for the female
cabin attendants was obtained using the Multi-Generation
Register at Statistics Sweden and the National Medical Birth
Register. The Multi-Generation Register was also used for
information about parity and age at birth of first child among
women in Sweden in 1980.

The observation period started on 1 January 1961, at the
time of employment or at the time of immigration to Sweden,
whichever came last. It ended on 31 December 1996, at the
time of death, or at the time of emigration out of Sweden,
whichever came first. For a subject moving out of the
country, the observation period was terminated at the time of
emigration, irrespective of eventual later re-migration to
Sweden.

Dates of employment were collected from archives at
Swedish SAS. From 1979 onwards, cumulative block hours
by aircraft type during employment in Swedish SAS were
recorded by the company on a routine basis, yielding monthly
summary reports. Block hours include the time from
departure of a flight until arrival, in the air as well as on
the ground. From these reports cumulative block hours by
aircraft type were extracted annually by 31 December during
the period 1979-95 for the cancer cases registered from 1980
to 1996 and for four controls per case. The controls were
randomly selected from each case’s “risk set”, which was
composed of all individuals in the cohort who matched the
case by gender and age group (+5 years), and who were
employed in SAS and not diagnosed with cancer at the time
the case was diagnosed. In 1993 a Swedish domestic airline
company (Linjeflyg) was merged with Swedish SAS. Cabin
crew formerly employed in Linjeflyg could not be included in
the case-control study because of a lack of information on
block hours before joining Swedish SAS. Information about
annual cumulative block hours for the remaining cabin crew
was obtained for 48 cases and 174 controls (92%). For some
cabin attendants, however, block hours were missing for one
or more years during the observation period, and for these
years cumulative block hours were imputed using informa-
tion from adjacent years. High altitude, long distance flights
were determined on the basis of the aircraft type. All block
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Policy implications

® Cabin crew have about the some overall cancer
incidence as the general Swedish population.

® An increased incidence of malignant melanoma and a
possibly increased incidence of breast cancer in female
cabin crew need to be further studied with regard to
possible causes at work or outside work.

hours attributed to DC 8, DC 10, Boeing 747, and Boeing 767
were considered to concern high altitude, long distance
flights.

Information on reproductive factors among the female
cabin attendants and among the total Swedish female
population in 1980 was used to evaluate to what extent
reproductive factors may have influenced the breast cancer
incidence of female cabin attendants in the present study.
The method used has been recommended when evaluating
confounding due to cigarette smoking in occupational
studies.”' In this evaluation we used estimates from a meta-
analysis of the relative risk of breast cancer for the Swedish
female population according to reproductive factors.*

Statistical analyses

Cancer incidence overall and for specific cancer sites for cabin
crew were compared with the corresponding incidence in the
general Swedish population by calculation of standardised
incidence ratios (SIR), based on the ratio of the observed
number of cases and the expected number of cases. The
expected number of cases was computed using five-year age
groups and eight different calendar periods (1961-62, 1963—
67, 1968-72, 1973-77, 1978-82, 1983-87, 1988-92, 1993-96).
Together with the SIR, 95% confidence intervals (95% CI)
were computed, assuming that the observed number of
cancer cases followed a Poisson distribution. The case-control
study nested within the cohort was analysed by calculating
odds ratios (OR) for cancer incidence overall, malignant
melanoma, and for breast cancer among women by compar-
ing cabin crew with at least 10 000 cumulated block hours,
any high altitude, long distance flight duty, and cabin crew
with at least 5000 high altitude, long distance flight hours
with cabin attendants without this experience. Odds ratios
were calculated, together with 95% confidence intervals,
using conditional logistic regression. Analyses were carried
out using Epicure (HiroSoft, Seattle, WA) and SAS for
Windows, version 8.

RESULTS

The total number of person-years was 39 135 in women, and
12 774 in men. At the start of follow up, members of the
cabin crew were in general below 30 years of age; a dominant
part of the person-years generated in this study were below
50 years of age. Only about 5% of the person-years were
above 60 years of age, which is the regular age of retirement
among cabin crew in Sweden. Emigration and immigration
was quite common in the cohort; 21.1% (n = 490) of the
women emigrated during the study period and 5.3%
(n = 124) immigrated. The corresponding figures for men
were 19% (n = 120) emigrants and 8.5% (n = 54) immi-
grants. At the end of follow up 29 women and 48 men were
dead.

A total of 109 cancer cases were observed, of which 76 were
among women and 33 among men. The observed number of
cases was close to that expected on the basis of the cancer
incidence of the general Swedish population, taking age and
calendar period into consideration (table 1). The SIR was 1.01
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Table 1 Cancer incidence 1961-96 among cabin crew at the Swedish SAS compared to the general Swedish population
Women Men

Cancer site (ICD-7 code) o* Et SIRt 95% Cl o Et SIRt 95% Cl

All cancer (140-207) 76 75.27 1.01 0.78 to 1.24 33 28.54 1.16 0.76 to 1.55

Colon (153) 1 3.05 0.33 0.01 to 1.83 8 1.87 1.61 0.33 to 4.70

Rectum (154) 2 1.68 1.19 0.14 to 4.29 1 1.33 0.75 0.02 0 4.18

Pancreas (157) 2 0.89 2.24 0.27 to 8.08 0 0.81 - 0.00 to 4.57

Lung (162) 3 2.70 1.11 0.2310 3.24 2 2.97 0.67 0.08 to 2.43

Breast (170) 88 25.45 1.30 0.85t0 1.74 0 0.05 - 0.00 to 71.74

Cervix uteri (171) 4 5.67 0.70 0.19 to 1.81 = = = =

Corpus uteri (172) 2 3.22 0.62 0.08 to 2.25 - - - -

Ovary (175) 2 4.78 0.42 0.05 1o 1.51 - - - -

Prostate (177) - - - - 2 4.20 0.48 0.06 to 1.72

Kidney (180) 2 1.20 1.67 0.20 to 6.04 0 1.28 - 0.00 to 2.89

Urinary bladder (181) 0 0.94 - 0.00 to 3.90 4 1.98 2.02 0.5510 5.18

Malignant melanoma of the skin (190) 11 5.04 2.18 1.09 to 3.90 6 1.64 3.66 1.34107.97
Head and neck (190.0-190.4) 1 0.31 3.24 0.08 to 18.04 1 0.17 6.05 0.15 o 33.72
Trunk (190.5) 7 1.57 4.46 1.79 t0 9.19 5 0.86 5.82 1.89 to 13.57
Limbs (190.6-190.7) 8 2.78 1.08 0.22t0 3.16 0 0.45 - 0.00 to 8.22

Non-melanoma skin (191)§ 0 0.85 - 0.00 to 4.35 4 0.90 4.42 1.20 to 11.32
Kaposi's sarcoma (191 & pad 505) 0 0.01 - 0.00 to 537.76 1 0.01 105.33 2.63 to 586.90

Brain and nervous system (193) 4 3.82 1.05 0.29 to 2.68 1 1.54 0.65 0.02 to 3.63

Unspecified sites (199) 1 1.46 0.68 0.02 to 3.80 8 0.89 3.38 0.70 to 9.88

Leukaemia (204-207) 4 1.27 3.14 0.86 to 8.04 1 0.85 1.17 0.03 to 6.54

Cancer sites with less than two observed cases are not shown in the table.
*Observed number of cases.

1SIR, standardised incidence ratio.

tExpected number of cases, taking age and calendar period into consideration.

§Basal cell carcinoma is not included since this diagnosis was not reported to the

National Cancer Register.

(95% CI 0.78 to 1.24) for women and 1.16 (95% CI 0.76 to
1.55) for men. In both genders there was an increased
incidence of malignant melanoma (SIR 2.18 (95% CI 1.09 to
3.90) for women and 3.66 (95% CI 1.34 to 7.97) for men).
Men also showed an increased incidence of non-melanoma
skin cancer (SIR 4.42; 95% CI 1.20 to 11.32). Of the four cases
of non-melanoma skin cancer in men, one was a Kaposi’'s
sarcoma, which, because of the very low incidence in the
general population, gave a high SIR. In women, a non-
significant increased incidence was found for breast cancer
(SIR 1.30; 95% CI 0.85 to 1.74) and for leukaemia (SIR 3.14;
95% CI 0.86 to 8.04).

No clear associations were found between years of
employment and cancer incidence overall or malignant
melanoma, nor for breast cancer among women (table 2).
For malignant melanoma the total number of observed cases
for men and women combined was 17 compared to 6.53
expected (SIR 2.61; 95% CI 1.52 to 4.17; not shown in table).
Based on these 17 cases no association with length of
employment was seen. The SIR for malignant melanoma was
in the order of 2.2-3.0 throughout the study period with no

substantial changes. An increased incidence of leukaemia
was seen among subjects with 20 or more years of employ-
ment in SAS, but this was based on only two cases (not
shown in table).

Information about total flight hours and flight hours in
high altitude, long distance flights was obtained for 48 cancer
cases diagnosed 1980-96 and for 174 controls. Of these cases
16 had breast cancer and 10 melanoma or non-melanoma
skin cancer. The numbers of total and high altitude, long
distance block hours, respectively, were similar between cases
and controls. There were substantial differences in block
hours between men and women. The average number of total
cumulative block hours in 1995 was 6440 hours for female
and 13 370 hours for male cabin crew. In general, no
statistically significant associations between block hours
and/or experience of high altitude, long distance flights and
cancer incidence could be determined. In most analyses, the
number of cases was small (table 3). Female cabin crew with
at least 5000 high altitude, long distance block hours showed
a non-significant increased incidence for breast cancer (SIR
3.27; 95% CI 0.54 to 19.70) compared to female cabin crew

Table 2 Cancer incidence 1961-96 among cabin attendants at Swedish SAS compared to the general Swedish population
Women Men

Employment

Cancer site years in SAS  O* Et SIRE 95% Cl o* Et SIRE 95% CI

All cancer <10 85 31.48 1.11 0.74 10 1.48 9 6.66 1.35 0.62 to 2.56
10-19 24 29.91 0.80 0.48t0 1.12 7 6.91 1.01 0.41 to 2.09
20 14 12.19 1.15 0.631t0 1.93 16 13.51 1.18 0.68 to 1.92

Breast cancer <10 13 9.56 1.36 0.72 to 2.32 = = = =
10-19 13 10.32 1.26 0.67 to 2.15 - - - -
20 7 5.04 1.39 0.56 to 2.86 = = = =

Malignant melanoma <10 6 2.45 2.45 0.90 to 5.33 2 0.48 4.15 0.50 to 14.98
10-19 2 1.86 1.08 0.13 to 3.89 3 0.46 6.59 1.36 to 19.25
20 3 0.65 4.60 0.9510 13.44 1 0.63 1.59 0.04 to 8.86

*Observed nUmber O[ cases.

tExpected number of cases, taking age and calendar period into consideration.

1SIR, standardised incidence ratio.
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duty among cabin crew

Table 3 Relative risk (odds ratio; OR) of certain cancer sites in relation to flight hours and high altitude, long distance flight

>10000 total block hours

High altitude, long distance flight duty distance flights

>5000 block hours in high altitude, long

Cancer site Cases OR 95% Cl Cases OR 95% Cl Cases OR 95% Cl
Women
All cancer 7 1.68 0.41 to 6.83 26 0.40 to 5.04 7 1.31 0.44 to 3.86
Breast 3 1.14 0.1510 8.48 14 0.31 t0 10.45 5 3.27 0.54t0 19.70
Malignant melanoma 2 2.67 0.20 to 35.14 5 = - 2 2.59 0.18 to 37.20
Men
All cancer 14 3.60 0.28 to 46.32 17 - - 13 0.21 0.04101.28
Malignant melanoma 3 —* - 5 —* - 3 1.00 0.03 to 31.97
All cabin crew
All cancer 21 2.03 0.60 to 6.90 43 1.29 0.39 to 4.29 20 0.78 0.30 to 2.05
Malignant melanoma 5 4.67 0.45 to 49.14 10 =* - 5 1.83 0.23 to 14.52

*Odds ratios could not be estimated because there were no unexposed cases.

with less or no experience of high altitude, long distance
flights.

The proportion of the female cabin attendants who had
given birth to a child was 72.5%, which was very close to the
corresponding proportion among all Swedish women in 1980
(table 4). Female cabin attendants tended to have fewer
pregnancies, which were later in life. The proportion of cabin
attendants who gave birth before 25 years of age was only 7%
compared to 51% among all Swedish women. Given these
differences in reproductive history and with the relative risks
for breast cancer, estimated from a Nordic meta-analysis,*
one could expect an excess incidence of breast cancer among
female cabin crew in the order of 10% (SIR 1.10) compared to
the Swedish female population. This is lower than, but
considering random variation, consistent with, the observed
SIR for breast cancer in this study.

DISCUSSION

The results of the present study showed an increased
incidence of malignant melanoma in Swedish cabin crew
among both men and women and of non-melanoma skin
cancer in men. These increased incidences are in agreement
with corresponding analyses previously reported from
Iceland, Norway, and the United States**; similar findings
have also been suggested from studies of Nordic pilots."”™*
The increased incidence of malignant melanoma remained
stable throughout the study period. During this period the
incidence of malignant melanoma increased in the popula-
tion,” which with stable relative risks for cabin crew would
mean a greater increase of the incidence among cabin

attendants than in the general population. The non-signifi-
cantly increased incidence of breast cancer in female cabin
crew is consistent with the previously reported corresponding
results from Iceland, Finland, and the United States, but at
variance with the results from a Norwegian study.' **

The Swedish National Cancer Register used in this study
for identification of cases is based on a compulsory reporting
of diagnosed cases and has a high degree of completeness. A
comparison to the National Cause of Death Register in 1978
showed a loss of cases in the Cancer Register of 4.5%.** Each
case is generally reported both by the clinician first making
the diagnosis and also by a pathologist or cytologist. This
contributes to a comparatively low misclassification of
disease in the cancer register. It is possible that the frequent
and regular health examinations of the cabin attendants
contributes to an earlier detection of cancer cases and thus to
a higher diagnostic rate. This could result in an over-
estimation of the cancer incidence in cabin crew compared
with the general population.

Cabin crew is an occupational group with a comparatively
extensive international migration. In this study we could take
immigration to and emigration from Sweden into account by
using national population registers going back to 1968. In
order to avoid a loss of cases due to immigration or
emigration, the follow up time was started at the time of
immigration and terminated at the time of first emigration.
Thus, no person-time at risk was accumulated outside
Sweden, where cancer cases could not be detected. The loss
of person-years and cases among subjects returning to
Sweden was about 10% of all potential person-years and
cases in the study. By record linkage to the National Cause of

Table 4 Reproductive factors in the Swedish population (1980) and in the female cabin crew (1946-96) together with
estimates from a Nordic meta-analysis of relative risk of breast cancer due to reproductive factors??
Population Cabin crew
Reproductive factors RR* No. % No. %
Parity
Parous 2178139 73.2 1685 72.5
Nulliparous 796077 26.8 639 27.5
Number of children
1-2 1.00 1549831 71.1 1314 78.0
3-4 0.84 546197 25.1 363 21.5
5 or more 0.69 82111 3.8 8 0.5
Age at birth of first child (y)
<20 1.00 261719 12.0 11 0.6
20-24 1.04 850064 39.0 113 6.7
25-29 1.17 655973 30.1 748 44.4
30-34 1.30 277152 12.8 623 37.0
>34 1.40 133231 6.1 190 11.3
*Relative risks associated with reproductive factors in the Nordic countries.”
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Death Register, all deaths during the study period could be
obtained, thereby avoiding an overestimation of the person-
years at risk.

Total block hours and block hours at high altitude, long
distance flights were estimated from monthly reports
recorded at the Swedish SAS. This does not give a complete
account of all block hours of the cohort members. In
particular, block hours obtained in service for other compa-
nies would be underrepresented or completely missing. This
would contribute to a misclassification of block hours,
probably underestimating total exposure and exposure to
high altitude, long distance flights. It is possible that this has
contributed to the lack of association between total block
hours and high altitude, long distance block hours, respec-
tively, and cancer incidence in this study. This source of error
cannot, however, explain the associations or lack of associa-
tions seen in analyses of all cabin crew, irrespective of
classification according to block hours or aircraft type.
Information about block hours was only available from
1979 and onwards. In analyses of exposure to high altitude,
long distance flights the numbers of cases was often small.
Since the flight duty of cabin attendants in Sweden during
the 1960s and 1970s mostly concerned propeller planes flying
at lower altitudes it is unlikely that inclusion of these earlier
years would have substantially increased the number of cases
exposed to high altitude, long distance flights.

It is likely that the observed increase of malignant
melanoma of the skin in all cabin crew and of non-melanoma
skin cancer in male cabin crew is real. The causes of these
increased risks remain unclear, and both occupational and
non-occupational causes may be involved. The melanomas
often occurred on the trunk, indicating that sunburn could be
of aetiological importance. Measurements of UV radiation in
the aircraft during flight have shown very low levels of
exposure, and that the windshield of the aircraft gives a good
protection against this type of radiation.” Thus, work as a
cabin attendant during flight does not seem to give an
increase in exposure to UV radiation.

We observed a non-significant increased incidence of
breast cancer in female cabin crew. In view of similar
findings in other Nordic countries and in the United States it
is likely that this reflects a real increased incidence in this
occupational group. The causes of this increase are not
known and may involve occupational as well as other factors,
including reproductive history. We estimated that the
reproductive history in female cabin crew could yield a 10%
increase in breast cancer incidence compared to the general
population. This could be an important contributing factor to
the increased breast cancer incidence in female cabin crew,
but does not seem to fully explain this excess. It has been
suggested that exposure to cosmic ionising radiation and
disturbances of the circadian rhythm at long distance flights
may be causes of an increased risk of breast cancer in cabin
crew. Our findings in analyses of block hours and high
altitude, long distance flights are consistent with these
hypotheses, but the numbers were small and the results
therefore uncertain. Analysis of employment years in SAS
indicated that the breast cancer risk was similar regardless of
the number of working years. However, some cabin crew may
have been working as cabin attendants for other companies
during their career. Our results, together with those of
previous studies, call for further investigations of breast
cancer risk in female cabin crew.
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