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Abstract Aircrew members are exposed to cosmic radia-
tion and other speciWc occupational factors. In a previous
analysis of a large cohort of German aircrew, no increase in
cancer mortality or dose-related eVects was observed. In the
present study, the follow-up of this cohort of 6,017 cockpit
and 20,757 cabin crew members was extended by 6 years to
2003. Among male cockpit crew, the resulting all-cancer
standardized mortality ratio (SMR) (n = 127) is 0.6 (95%
CI 0.5–0.8), while for brain tumors it is 2.1 (95% CI 1.0–
3.9). The cancer risk is signiWcantly raised (RR = 2.2, 95%
CI 1.2–4.1) among cockpit crew members employed
30 years or more compared to those employed less than
10 years. Among both female and male cabin crew, the all-
cancer SMR and that for most individual cancers are close
to 1. The SMR for breast cancer among female crew is 1.2
(95% CI 0.8–1.8). Non-Hodgkin’s Lymphoma among male
cabin crew is increased (SMR 4.2; 95% CI 1.3–10.8). How-
ever, cancers associated with radiation exposure are not
raised in the cohort. It is concluded that among cockpit

crew cancer mortality is low, particularly for lung cancer.
The positive trend of all cancer with duration of employ-
ment persists. The increased brain cancer SMR among
cockpit crew requires replication in other cohorts. For cabin
crew, cancer mortality is generally close to population
rates. Cosmic radiation dose estimates will allow more
detailed assessments, as will a pooling of updated aircrew
studies currently in planning.

Introduction

About 20 years ago, the Wrst results from epidemiologic
studies on mortality and cancer incidence among air-
crew were published (Band et al. 1990; Irvine and
Davies 1992; Salisbury et al. 1991). This was done to
learn about the mortality and disease incidence in this
selected occupational group, and with particular empha-
sis on whether exposure to ionizing radiation of cosmic
origin would increase the risk of cancers and other dis-
eases. The radiation exposure of aircrew was found to be
similar to that of other occupational groups such as
nuclear plant workers, with lifetime cumulative ionizing
radiation doses generally well below about 100 mSv and
with individual variations depending on the detailed
occupational history. Data from the German Federal
Radiation Registry indicate that individual annual eVective
doses for cockpit and cabin crew range from 0–5.4 mSv,
with slightly higher median doses for cabin crew and
age- and sex-dependent patterns of exposure (Stegemann
et al. 2005)

Detailed cohort studies were launched in the 1990s,
mainly in Europe and North America. Data from European
cohort studies were pooled and allowed the analysis of both
cancer incidence (Pukkala et al. 2002) and mortality (Blettner
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et al. 2003; Langner et al. 2004; Zeeb et al. 2003a). While
attempts were made to assess individual occupational
radiation doses in a majority of the studies, scarce informa-
tion on other health risk factors was available from these
retrospectively conducted cohort studies. Factors of interest
include exposure to ultraviolet radiation, smoking, repro-
ductive factors, measures of circadian rhythm changes and
others.

Most Wndings to date point to a comparatively low over-
all mortality of aircrew (Sigurdson and Ron 2004), indicat-
ing a strong healthy worker eVect particularly regarding
cardiovascular deaths, and reXecting the high socioeco-
nomic status of cockpit crew. In terms of cancer, standard-
ized mortality analyses pointed to increases of malignant
melanoma mortality in male aircrew, as well as slight
increases in breast cancer mortality among female cabin
crew. Deaths from AIDS among male cabin crew and from
aircraft crashes were found to be markedly raised. Cancer
incidence analyses indicated elevated risks for breast can-
cer and few other cancer sites when compared to those of
reference populations. So far, no strong evidence for risk
increases with increasing radiation dose has emerged.
However, even the pooled studies had low statistical
power to assess this question, as exposure levels and num-
bers of incident cancers and deaths were comparatively
low.

One of the largest cohorts of aircrew was established in
Germany. All Xight personnel from Lufthansa German Air-
lines (DLH) and LTU International Airways actively Xying
between 1960 and 1997 constitute the cohort, and results
for the Wrst follow-up until end of 1997 were published sev-
eral years ago (Blettner et al. 2002; Zeeb et al. 2003b,
2002). The present study represents a further follow-up of
the cohort and presents updated epidemiologic results. The
main reasons for performing the cohort update relatively
soon after the Wrst follow-up were that (1) some German
population registers keep death certiWcates only for a few
years and (2) airline companies keep personnel data on
detailed Xight records usually only for a time span up to
7 years. The report follows guidelines of the “Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy (STROBE)” initiative (Vandenbroucke et al. 2007; von
Elm et al. 2007).

Materials and methods

Cohort

The German aircrew study is a retrospective occupational
cohort study. The study material and methods have been
described previously (Blettner et al. 2002; Zeeb et al.
2003b, 2002). The existing cohort of cockpit and cabin

crew, including more than 27,000 individuals, was now
followed up until December 31, 2003, extending the previ-
ous follow-up by 6 years. No new cohort members were
included. Cohort data were intensively checked prior to
performing the mortality follow-up via population regis-
tries, especially for those cohort members for whom no
previous follow-up was done before because they were
known to have been active until December 31, 1997. Per-
sonnel Wles of collaborating airlines were also checked to
establish (a) whether cohort members were still registered
as active in the company by end of 2003 and (b) whether
basic cohort data such as date of birth and gender were
identical to our existing study database. If active employ-
ment was conWrmed, the vital status was taken as alive.
For all others, the vital status was actively researched
through written information requests to the population reg-
istry at the last known place of residence. Migrants during
the period 1998–2003 were censored at the last date of reg-
istration in Germany. For deceased cohort members, the
cause of death was obtained from the copy of the original
death certiWcate. This is usually held by the local public
health oYce at the place of death. Where this certiWcate
could not be obtained or necessary information about date
or place of death was missing, additional sources were
scrutinized including Wles at the registrar’s oYce, city
archives, further personnel Wles or administrative data held
by collaborating airlines.

For each individual, the period of follow-up thus
ended with the last known date of vital status, the date of
death, or the December 31, 2003, whichever was earlier.
Loss to follow-up occurred for 69 cockpit crew (1.0%),
96 (2.6%) male cabin crew and 345 (2.7%) female cabin
crew members. In addition, 352, 302 and 1,339 cockpit,
male and female cabin crew members emigrated and
thus had to be censored (5.0, 8.1 and 7.9%, respectively;
Table 1).

Table 1 Characteristics of the German cohort: follow-up to end of
2003

Cockpit Cabin Total

Male Female Male Female

Persons 6,017 90 3,735 17,022 26,864

Deaths until 1997 255 0 170 141 566

Deaths until 2003 385 0 232 266 883

Cancer deaths 127 0 45 103 275

Lost to follow-up 67 2 96 453 618

Emigrated 345 7 302 1,339 1,993

Person-years 136,413 1,125 71,374 296,563 505,475

Mean follow-up 
(years)

22.7 12.5 19.1 17.4 18.8
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Exposure

In previous analyses, the job-exposure matrix approach was
used to estimate occupational radiation exposure, including
an estimation of individual annual eVective radiation dose
computed with speciWc software (Hammer et al. 2000). For
the current analysis, only duration of employment in jobs
involving active Xight duties could be used; more detailed
information on individual Xight history is currently being
collected. For each individual, the date of Wrst and last
employment with the respective airline company was
abstracted. We summarized individual periods if individu-
als had several employment episodes. No information was
available on employment at other companies prior to or
after having left employment at one of the included airlines
(DLH, LTU).

In a previous validation study, a high correlation between
diVerent measures of exposure, including employment
duration and estimated eVective dose of ionizing radiation
was found (Hammer et al. 2000). Therefore, in the present
study, duration of employment is regarded as a reasonable
dose proxy.

Statistical analyses

All cause of death information was coded according to the
International ClassiWcation of Diseases revision in use at
the date of death. For analytic purposes, we formed a group
of radiation-associated cancers that include cancers of the
esophagus, stomach, large intestine, breast, ovary, bladder/
urinary tract, thyroid gland as well as leukemia.

Using German population rates as a reference, stan-
dardized mortality ratios (SMR) and corresponding exact
95% conWdence intervals (CI) were computed, using
5-year age and calendar time intervals for person-year and
mortality rate computations. To correct for missing causes
of death, an approach described by Rittgen and Becker
(Rittgen and Becker 2000) was used whereby the propor-
tions of known causes among all deaths are used to inter-
polate missing causes. In analyses stratiWed by time
period or by duration of exposure, this correction was
done stratum-speciWc, such that diVerent correction fac-
tors apply to diVerent strata. By doing so, the more com-
plete cause of death information of more recent periods
can be adequately reXected.

For internal analyses that were carried out to investigate
eVects by duration of employment as a proxy for occupa-
tional radiation exposure, Poisson regression modeling was
used, with age in 5-year groups and duration of employ-
ment in the categories 0–<10, 10–<20, 20–<30 and
30+ years, respectively. Linear trends were tested using a
chi-square statistic, with scores 1–4 assigned to the respec-
tive categories.

Results

The analysis cohort comprises a total of 26,864 persons.
This number has changed slightly in comparison with our
earlier analyses, since additional information on some indi-
viduals emerged during the second follow-up: duplicate
entries for 237 persons were removed. Gender could be
assigned to 34 persons of previously unknown sex. The
gender of 872 cohort members (869 cabin crew and 3 cock-
pit crew members) was corrected. Overall, 883 deaths
occurred in the analyzed cohort (Table 1). Mean employ-
ment duration among those retired was 20.2, 13.8 and
8.7 years for male cockpit, male cabin and female cabin
crew members, respectively.

Cockpit crew

No deaths were observed in female cockpit crew members
(n = 90). Among the 6,017 male cockpit crew members
(136,413 person-years), there were 385 deaths, 127 of
which were due to cancer. The SMR was 0.49 (95% CI
0.45–0.55) for all causes, and 0.64 (95% CI 0.51–0.81) for
cancer deaths (Table 2). Most SMR for individual cancer
causes were non-signiWcant with point estimates below one,
while a marked SMR reduction of almost 70% was seen for
lung cancer. An elevated SMR for cancer of the central ner-
vous system (SMR 2.13, 95% CI 1.03-3.93) was found
based on 14 cases (5 astrocytoma, 8 glioma and 1 unspeciWed

Table 2 Standardized mortality ratios (SMR)—cockpit crew, 1960–
2003; O = observed number of cases; CI = conWdence interval

a only where two or more cases were observed
b includes: esophagus, stomach, large intestine, breast, ovary, bladder/
urinary tract, thyroid gland, leukemia

Cause of death Cockpit crew, men

Oa SMR 95% CI

All causes 385 0.49 0.45–0.55

All cancers 127 0.64 0.51–0.81

Stomach 10 0.68 0.28–1.39

Large intestine 12 0.85 0.38–1.64

Rectum 4 0.50 0.11–1.45

Pancreas 13 1.28 0.60–2.41

Lung/bronchial tree 18 0.33 0.17–0.57

Malignant melanoma 3 0.98 0.15–3.29

Prostate 11 0.96 0.42–1.91

Central nervous system 
(inc. brain)

14 2.13 1.03–3.93

Kidney 5 0.79 0.21–2.10

Non-Hodgkin’s lymphoma 6 1.27 0.39–3.12

All leukemia 4 0.61 0.13–1.79

Radiation-associated cancersb 32 0.64 0.40–0.98
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brain tumor). For radiation-associated cancers (as deWned
in (Boice, Jr. 2006) and described in the “Statistical analyses”
section), the SMR was 0.64 (95% CI 0.40–0.98).

Cause of death information was unavailable for 6.3% of
all cockpit crew members. In particular, early years of fol-
low-up proved problematic, as old death certiWcates were
no longer kept in some public health oYces.

Duration of employment was associated with all-cancer
mortality (P for trend <0.01), with an RR of 2.2 (95% CI
1.19–4.08) in the highest duration category compared to the
reference 0-<10 years. Brain cancers showed similar pat-
terns, but the numbers were small (Table 3).

Cabin crew

There were 266 deaths among 17,022 female cabin crew
members (296,563 person-years; Table 1). 103 cancer
deaths resulted in an SMR of 0.95 (95% CI 0.72–1.26;
Table 4). The cause of death was missing for 14.3% of all
cases. For individual cancers, the SMR estimates were gen-
erally close to unity. There were 36 breast cancer deaths
(SMR 1.17, 95% CI 0.74-1.80). The observed number of

radiation-associated cancers in cabin crew was close to
expected numbers calculated from population rates. No
trends by duration of employment were found in the regres-
sion analyses (Table 5).

Among male cabin crew, there were only 45 cancer
deaths (SMR 0.89, 95% CI 0.59–1.33), out of a total num-
ber of 232 deaths (71,374 person-years) driven by a high
AIDS-related mortality. For 12.9% of deaths, no cause was
available. The large majority of individual cancer sites had
SMRs close to unity or diVered non-signiWcantly from
unity. Deaths from Non-Hodgkin’s Lymphoma (n = 6)
were increased (SMR 4.24, 95% CI 1.26–10.76). As among
female cabin crew, the regression analyses did not indicate
signiWcant risk diVerences according to duration of employ-
ment (Table 5).

Discussion

We present results of the second follow-up of one of the
large civilian Xight crew cohorts, adding a further 6 years
of follow-up. Note that this analysis is not independent of

Table 3 Relative risks (RR) by 
duration of employment—male 
cockpit crew, 1960–2003

Cause of death Cockpit crew

Duration of 
employment

O RRa 95% Cl P (Trend)

All causes 0–9.99b 86 1.00 0.02

10–19.99 125 0.85 0.64–1.13

20–29.99 127 0.73 0.55–0.97

30+ 47 0.71 0.50–1.02

All cancers 0–9.99b 16 1.00 <0.01

10–19.99 27 0.90 0.47–1.69

20–29.99 51 1.44 0.81–2.56

30+ 29 2.20 1.19–4.08

Lung/bronchial tree 0–9.99b 4 1.00 0.57

10–19.99 3 0.34 0.07–1.61

20–29.99 7 0.71 0.20–2.48

30+ 4 1.15 0.29–4.60

Central nervous system 
(includes brain)

0–9.99 0 0.00 ¡0.73 0.0002

10–19.99b 4 1.00

20–29.99 7 2.49 0.73–8.52

30+ 3 3.56 0.80–15.90

Prostate 0–9.99b 1 1.00 0.47

10–19.99 4 1.27 0.14–11.82

20–29.99 4 1.40 0.16–12.54

30+ 2 2.55 0.22–29.04

Radiation-associated 
cancers

0–9.99b 4 1.00 0.35

10–19.99 7 0.96 0.27–3.42

20–29.99 12 1.40 0.44–4.47

30+ 5 1.55 0.41–5.87
a RR adjusted for age
b reference category
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our previous analyses. The number of deaths and of person-
years increased by some 50% since the Wrst follow-up. The
main results are essentially unchanged compared to our ear-

lier evaluations and were not aVected by the corrections
concerning the gender assignment (see “Results” section).
A more pronounced risk increase and an association pattern

Table 4 Standardized mortality 
ratios (SMR)—cabin crew, 
1960–2003; O = observed num-
ber of cases; CI = conWdence 
interval

Cause of death Cabin crew, men Cabin crew, women

O SMR 95% CI O SMR 95% CI

All causes 232 1.03 0.90–1.17 266 0.83 0.73–0.93

All cancers 45 0.89 0.59–1.33 103 0.95 0.72–1.26

Buccal cavity/pharynx 5 1.41 0.36–3.87 0 – –

Stomach 1 0.31 0.00–2.15 5 0.91 0.23–2.48

Large intestine 2 0.63 0.05–2.72 7 1.18 0.39–2.82

Rectum 2 1.02 0.08–4.45 3 1.09 0.16–3.78

Pancreas 4 1.53 0.32–4.63 4 1.17 0.24–3.51

Lung/bronchial tree 10 0.74 0.30–1.56 11 1.07 0.46–2.19

Breast 0 – – 36 1.17 0.74–1.80

Prostate 2 1.42 0.11–6.18 – – –

Central nervous system (incl. brain) 0 – – 6 1.18 0.35–2.99

Non-Hodgkin’s lymphoma 6 4.24 1.26–10.76 3 1.19 0.18–4.12

All leukemia 3 1.55 0.23–5.38 4 0.88 0.18–2.66

Radiation-associated cancers 9 0.76 0.29–1.65 61 1.08 0.75–1.53

Table 5 Relative risks (RR) by duration of employment—German cabin crew, 1960–2003; O = observed number of cases; CI = conWdence
interval

a RR adjusted for age
b reference category

Cause of death Duration 
of employment

Cabin crew, men P (Trend) Cabin crew, women P (Trend)

O RRa 95% Cl O RRa 95% Cl

All causes 0–9.99b 88 1.00 – 0.44 174 1.00 – 0.93

10–19.99 73 1.60 1.17–2.19 55 0.82 0.61–1.11

20–29.99 61 1.18 0.81–1.72 28 1.07 0.71–1.61

30+ 10 0.41 0.20–0.83 9 1.31 0.65–2.62

All cancers 0–9.99b 16 1.00 – 0.23 59 1.00 – 0.56

10–19.99 6 0.64 0.25–1.65 22 0.96 0.59–1.56

20–29.99 17 1.06 0.52–2.19 13 1.17 0.64–2.15

30+ 3 0.30 0.08–1.08 5 1.30 0.51–3.33

Lung/bronchial tree 0–9.99b 1 1.00 – 0.33 6 1.00 – 0.38

10–19.99 2 3.40 0.31–37.60 1 0.47 0.06–3.95

20–29.99 5 4.82 0.53–43.81 3 2.46 0.61–9.86

30+ 2 2.97 0.23–37.72 1 1.48 0.17–12.89

Breast 0–9.99b 23 1.00 –

10–19.99 8 0.89 0.40–1.99 0.88

20–29.99 4 1.02 0.35–3.02

30+ 1 0.86 0.11–6.66

Radiation-associated 
cancers

0–9.99b 3 1.00 – 0.15 35 1.00 – 0.91

10–19.99 1 0.52 0.05–5.11 13 0.96 0.51–1.81

20–29.99 2 0.54 0.09–3.31 7 1.05 0.46–2.38

30+ 0 – – 2 0.83 0.19–3.58
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with longer duration of employment are now seen for can-
cers of the central nervous system among male cockpit
crew.

Results of the current analyses are in line with Wndings
from other cohort studies. Regular health monitoring and
certain requirements in terms of Wtness, body weight and
size as well as an occupational non-smoking environment
may contribute to the low overall and cancer mortality pre-
dominant in the cohort, particularly among cockpit crew.
While no direct assessment of smoking in the cohort is
available, low lung cancer rates among the cockpit crew
provide a clear indication of low smoking rates at least in
this sub-cohort.

Duration of employment is the only exposure proxy
available at the current state of analysis. For all cancers, a
positive association with duration of employment among
pilots is seen both in the Wrst and the updated analysis.
Although the analyses are adjusted for age in 5-year bands,
some residual confounding by age may be present. How-
ever, this should not play a major role since any residual
age diVerences would have to be diVerentially distributed in
the duration strata to markedly change eVect estimates,
which is unlikely. An explanation for the observed pattern
may be a decreasing healthy hire eVect. However, other
components of the healthy worker phenomenon such as the
healthy survivor eVect may partially counteract this inXu-
ence. In addition, healthy worker eVects are generally
described to be less extensive in cancer mortality as
opposed to overall mortality (Checkoway et al. 2004), but
since there are very strong selection forces at work in air-
crew cohorts, this may be diVerent here.

In terms of radiation-associated cancers, no elevated
risks are seen in external and internal analyses using dura-
tion of employment as a proxy for radiation exposure. Leu-
kemia—which could not be well classiWed into subgroups
from the information on the investigated death certiW-
cates—was not remarkable in any way, with only small
numbers observed and expected. Incidence studies among
cockpit crew in Nordic countries have provided most infor-
mation on this issue, and no statistically signiWcant risk
increases were observed in these analyses (Pukkala et al.
2002).

The more than twofold risk increase for CNS tumors
among cockpit crew is higher than that observed in our ear-
lier follow-up, which was somewhat increased but not sta-
tistically signiWcant. There are now 14 cases compared to
seven cases in the earlier analysis. The SMR estimates in
the diVerent employment-duration strata beyond 10 years
range from 2.3 to 2.9, and the internal analyses provide
evidence of a signiWcant trend with increasing duration of
employment. Some earlier studies among aircrew also indi-
cated toward somewhat elevated brain cancer risks (Band et al.
1996; Irvine and Davies 1992), but in the joint European

mortality evaluation, the SMR was not signiWcantly raised
(SMR 1.2; 95% CI 0.87-1.67).

Note that, beyond the excess risks for brain cancer
reported from the study of atomic bomb survivors (Preston
et al. 2002), so far, only therapeutic radiation has been
linked to increased brain cancer risk in epidemiological
studies (UNSCEAR 2008). In contrast, the excess relative
risk per Sievert was not signiWcantly diVerent from zero, for
brain cancer among nuclear power workers in the 15-coun-
tries study (Cardis et al. 2007). In line with these Wndings, a
recent explorative study of medical exposures to ionizing
radiation performed in the framework of the INTER-
PHONE study on mobile phones showed slight risk eleva-
tions for meningioma and acoustic neuroma associated with
head and neck radiotherapy and not with low-level diagnos-
tic irradiation (Blettner et al. 2007). Risk factors for CNS
tumors are generally poorly understood. The extent to
which speciWc occupational exposures might inXuence
brain cancer risk remains unclear, but putative agents
including pesticides (Provost et al. 2007; Samanic et al.
2008) and occupations such as Wre Wghters (Kang et al.
2008) continue to be studied. The association of socioeco-
nomic status and brain cancer risk also remains unclear,
with inconsistent results in recent population-based studies
(Chakrabarti et al. 2005; Lawlor et al. 2006).

An increased melanoma incidence and mortality have
been found in pooled incidence and mortality analyses
(Blettner et al. 2003; Pukkala et al. 2002; Zeeb et al.
2003a). Our new results show a melanoma SMR close to
one for cockpit crew, but case numbers are small. In terms
of risk factors, no information on UV exposure is available
for German aircrew.

The breast cancer risk of female cabin crew has raised
concern in the past (Pukkala et al. 1995; Reynolds et al.
2002). The results of our extended German mortality analy-
sis remain essentially unchanged to the earlier result, with a
slight but non-signiWcant SMR elevation and with no asso-
ciation with duration of employment. The excess incidence
among cabin crew noted in other studies (Tokumaru et al.
2006) seems to be more strongly elevated than the excess
mortality. One interpretation is that cabin crew breast can-
cer cases may have a slightly more favorable therapeutic
outcome than cases in the overall population, perhaps
because they are diagnosed particularly early. To shed
some further light on risk factor distributions among cabin
crew in Germany, we are currently conducting a cross-
sectional study among female cabin crew members, but the
absence of incidence data continues to be a limitation of our
study.

In the male cabin crew, the increases in NHL mortality
may be associated with the clearly elevated frequency of
AIDS-related deaths in this group, as documented in earlier
analyses of the cohort (Zeeb et al. 2003a). NHL may have
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been assigned as the cause of death by the certifying physi-
cian without also including information on an underlying
AIDS diagnosis.

The follow-up of a highly mobile cohort such as aircrew
members continues to pose challenges. We chose not to
wait too long before performing a second follow-up, in
order to minimize losses to follow-up and avoid loss of
exposure data that might otherwise not be retained in the
airlines� Wles. Intense follow-up activities allowed the clari-
Wcation of several uncertain data issues. However, there
continues to be a relatively high proportion of death cases
for which information on the underlying cause could not be
obtained. This situation is unfortunate for retrospective
studies such as the present one, and establishment of a
national death index could help to reduce such problems in
the future. As in previous analyses, a correction method
was used here to deal with missing causes of death, and
while this allows a somewhat more realistic assessment,
assumptions concerning for example the distribution of
missing causes may not always hold.

Conclusion

In summary, results of the second follow-up of German air-
crew presented here remain in line with initial Wndings
from both the German and the joint European cohort. We
are currently working on the calculation of radiation dose
estimates for cockpit crew using retrospective Xight infor-
mation available for this group. When these data become
available, a more speciWc assessment concerning radiation
dose will be possible. The inclusion of our data into a new
international pooled mortality analysis is also under way.
The positive associations for all cancer and CNS tumors
with duration of employment in German cockpit crew need
to be carefully discussed and reviewed in the light of
upcoming analyses of cohort data from other countries.

Acknowledgments This work was partly funded by the employers’
mandatory liability insurance Berufsgenossenschaft für Fahrzeughalt-
ungen (BGFE), Deutsche Lufthansa AG and LTU German Airlines
(now Air Berlin). The trade unions Vereinigung Cockpit (VC) and
Unabhängige Flugbegleiter Organisation (UFO) provided additional
support, as did the German Federal OYce for Radiation Protection,
contract StSch 4548. We thank all our collaborating partners for their
eVorts in maintaining and updating this cohort.

References

Band PR, Spinelli JJ, Ng VT, Moody J, Gallagher RP (1990) Mortality
and cancer incidence in a cohort of commercial airline pilots.
Aviat Space Environ Med 61:299–302

Band PR, Le ND, Fang R, Deschamps M, Coldman AJ, Gallagher RP,
Moody J (1996) Cohort study of Air Canada pilots: mortality,
cancer incidence, and leukemia risk. Am J Epidemiol 143:137–143

Blettner M, Zeeb H, Langner I, Hammer GP, SchaVt T (2002) Mortal-
ity from cancer and other causes among airline cabin attendants in
Germany, 1960–1997. Am J Epidemiol 156:556–565

Blettner M, Zeeb H, Auvinen A, Ballard TJ, Caldora M, Eliasch H,
Gundestrup M, Haldorsen T, Hammar N, Hammer GP, Irvine D,
Langner I, Paridou A, Pukkala E, Rafnsson V, Storm H, Tulinius
H, Tveten U, Tzonou A (2003) Mortality from cancer and other
causes among male airline cockpit crew in Europe. Int J Cancer
106:946–952

Blettner M, Schlehofer B, Samkange-Zeeb F, Berg G, Schlaefer K,
Schuz J (2007) Medical exposure to ionising radiation and the risk
of brain tumours: interphone study group, Germany. Eur J Cancer
43:1990–1998

Boice JD Jr (2006) Ionizing radiation. In: Schottenfeld D, Fraumeni J
(eds) Cancer epidemiology and prevention, 3rd edn. Oxford Uni-
versity Press, Oxford, p 259

Cardis E, Vrijheid M, Blettner M, Gilbert E, Hakama M, Hill C, Howe
G, Kaldor J, Muirhead CR, Schubauer-Berigan M, Yoshimura T,
Bermann F, Cowper G, Fix J, Hacker C, Heinmiller B, Marshall
M, Thierry-Chef I, Utterback D, Ahn YO, Amoros E, Ashmore P,
Auvinen A, Bae JM, Bernar J, Biau A, Combalot E, Deboodt P,
Diez SA, Eklof M, Engels H, Engholm G, Gulis G, Habib RR,
Holan K, Hyvonen H, Kerekes A, Kurtinaitis J, Malker H,
Martuzzi M, Mastauskas A, Monnet A, Moser M, Pearce MS,
Richardson DB, Rodriguez-Artalejo F, Rogel A, Tardy H,
Telle-Lamberton M, Turai I, Usel M, Veress K (2007) The 15-
country collaborative study of cancer risk among radiation workers
in the nuclear industry: estimates of radiation-related cancer risks.
Radiat Res 167:396–416

Chakrabarti I, Cockburn M, Cozen W, Wang YP, Preston-Martin S
(2005) A population-based description of glioblastoma multi-
forme in Los Angeles County, 1974–1999. Cancer 104:2798–
2806

Checkoway H, Pearce N, Crawford-Brown DJ (2004) Research
methods in occupational epidemiology. Oxford University Press,
Oxford

Hammer GP, Zeeb H, Tveten U, Blettner M (2000) Comparing diVerent
methods of estimating cosmic radiation exposure of airline
personnel. Radiat Environ Biophys 39:227–231

Irvine D, Davies DM (1992) The mortality of British Airways pilots,
1966–1989: a proportional mortality study. Aviat Space Environ
Med 63:276–279

Kang D, Davis LK, Hunt P, Kriebel D (2008) Cancer incidence among
male Massachusetts WreWghters, 1987–2003. Am J Ind Med
51:329–335

Langner I, Blettner M, Gundestrup M, Storm H, Aspholm R, Auvinen
A, Pukkala E, Hammer GP, Zeeb H, Hrafnkelsson J, Rafnsson V,
Tulinius H, De AG, Verdecchia A, Haldorsen T, Tveten U,
Eliasch H, Hammar N, Linnersjo A (2004) Cosmic radiation and
cancer mortality among airline pilots: results from a European
cohort study (ESCAPE). Radiat Environ Biophys 42:247–256

Lawlor DA, Sterne JA, Tynelius P, Davey SG, Rasmussen F (2006)
Association of childhood socioeconomic position with cause-
speciWc mortality in a prospective record linkage study of 1, 839,
384 individuals. Am J Epidemiol 164:907–915

Preston DL, Ron E, Yonehara S, Kobuke T, Fujii H, Kishikawa M,
Tokunaga M, Tokuoka S, Mabuchi K (2002) Tumors of the
nervous system and pituitary gland associated with atomic bomb
radiation exposure. J Natl Cancer Inst 94:1555–1563

Provost D, Cantagrel A, Lebailly P, JaVre A, Loyant V, Loiseau H,
Vital A, Brochard P, Baldi I (2007) Brain tumours and exposure
to pesticides: a case–control study in southwestern France. Occup
Environ Med 64:509–514

Pukkala E, Auvinen A, Wahlberg G (1995) Incidence of cancer
among Finnish airline cabin attendants, 1967–92. Br Med
J 311:649–652
123



194 Radiat Environ Biophys (2010) 49:187–194
Pukkala E, Aspholm R, Auvinen A, Eliasch H, Gundestrup M, Haldorsen
T, Hammar N, Hrafnkelsson J, Kyyronen P, Linnersjo A,
Rafnsson V, Storm H, Tveten U (2002) Incidence of cancer among
Nordic airline pilots over Wve decades: occupational cohort study.
Br Med J 325:567

Reynolds P, Cone J, Layefsky M, Goldberg DE, Hurley S (2002)
Cancer incidence in California Xight attendants (United States).
Cancer Causes Control 13:317–324

Rittgen W, Becker N (2000) SMR analysis of historical follow-up
studies with missing death certiWcates. Biometrics 56:1164–1169

Salisbury DA, Band PR, Threlfall WJ, Gallagher RP (1991) Mortality
among British Columbia pilots. Aviat Space Environ Med
62:351–352

Samanic CM, De Roos AJ, Stewart PA, Rajaraman P, Waters MA,
Inskip PD (2008) Occupational exposure to pesticides and risk of
adult brain tumors. Am J Epidemiol 167:976–985

Sigurdson AJ, Ron E (2004) Cosmic radiation exposure and cancer risk
among Xight crew. Cancer Invest 22:743–761

Stegemann R, Frasch G, Kammerer L, Spiesl J (2005) Die beruXiche
Strahlenexposition des Xiegenden Personals in Deutschland.
Bericht des Strahlenschutzregisters, Salzgitter

Tokumaru O, Haruki K, Bacal K, Katagiri T, Yamamoto T, Sakurai Y
(2006) Incidence of cancer among female Xight attendants: a
meta-analysis. J Travel Med 13:127–132

UNSCEAR (2008) EVects of ionizing radiation—UNSCEAR 2006
Report to the General Assembly, Volume 1. United Nations, New
York 10017

Vandenbroucke JP, von EE, Altman DG, Gotzsche PC, Mulrow CD,
Pocock SJ, Poole C, Schlesselman JJ, Egger M (2007) Strength-
ening the Reporting of Observational Studies in Epidemiology
(STROBE): explanation and elaboration. PLoS Med 4:e297

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Van-
denbroucke JP (2007) The strengthening the reporting of observa-
tional studies in epidemiology (STROBE) statement: guidelines
for reporting observational studies. PLoS Med 4:e296

Zeeb H, Blettner M, Hammer GP, Langner I (2002) Cohort mortality
study of German cockpit crew, 1960–1997. Epidemiology
13:693–699

Zeeb H, Blettner M, Langner I, Hammer GP, Ballard TJ, Santaquilani
M, Gundestrup M, Storm H, Haldorsen T, Tveten U, Hammar
N, Linnersjo A, Velonakis E, Tzonou A, Auvinen A, Pukkala E,
Rafnsson V, Hrafnkelsson J (2003a) Mortality from cancer
and other causes among airline cabin attendants in Europe: a
collaborative cohort study in eight countries. Am J Epidemiol
158:35–46

Zeeb H, Langner I, Blettner M (2003b) Cardiovascular mortality of
cockpit crew in Germany: cohort study. Z Kardiol 92:483–489
123


	Cancer mortality among German aircrew: second follow-up
	Abstract
	Introduction
	Materials and methods
	Cohort
	Exposure
	Statistical analyses

	Results
	Cockpit crew
	Cabin crew

	Discussion
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


