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Abstract
Objectives—To describe the cancer pattern in a cohort of commercial pilots by
follow up through the Icelandic Cancer
Registry.
Methods—This is a retrospective cohort
study of 458 pilots with emphasis on
subcohort working for an airline operating
on international routes. A computerised
file of the cohort was record linked to the
Cancer Registry by making use of personal identification numbers. Expected
numbers of cancer cases were calculated
on the basis of number of person-years
and incidences of cancer at specific sites
for men provided by the Cancer Registry.
Numbers of separate analyses were made
according to diVerent exposure variables.
Results—The standardised incidence
ratio (SIR) for all cancers was 0.97 (95%
confidence interval (95% CI) 0.62 to 1.46)
in the total cohort and 1.16 (95% CI 0.70 to
1.81) among those operating on international routes. The SIR for malignant
melanoma of the skin was 10.20, 95% CI
3.29 to 23.81 in the total cohort and 15.63,
95% CI 5.04 to 36.46 in the restricted
cohort. Analyses according to number of
block-hours and radiation dose showed
that malignant melanomas were found in
the subgroups with highest exposure estimates, the SIRs were 13.04 and 28.57
respectively. The SIR was 25.00 for malignant melanoma among those who had
been flying over five time zones.
Conclusions—The study shows a high
occurrence of malignant melanoma
among pilots. It is open to discussion what
role exposure of cosmic radiation, numbers of block-hours flown, or lifestyle
factors—such as possible excessive
sunbathing—play in the aetiology of cancer among pilots. This calls for further
and more powerful studies. The excess of
malignant melanoma among those flying
over five time zones suggests that the
importance of disturbance of the circadian rhythm should be taken into consideration in future studies.
(Occup Environ Med 2000;57:175–179)
Keywords: cancer registry; malignant melanoma of the
skin; cosmic radiation; block-hours; time zones

Recent retrospective cohort studies on commercial pilots have results which are inconsistent for risk of cancer.1–4 The first Canadian
study showed increased mortalities for rectal
and brain cancers and increased incidences of

non-melanoma skin cancer, cancer of the
brain, and Hodgkin’s disease, and nonsignificant excess for malignant melanoma, and
cancer of the rectum and prostate.1 In the second Canadian study the incidence of prostate
cancer and acute myeloid leukaemia was
increased and there was a non-significant
excess for malignant melanoma, brain tumours, and non-chronic lymphoid leukaemia.2
In a study from Japan the mortality for all cancers was averaged, and apparently because of
the small numbers in the study the rates were
not calculated for diVerent cancers.3 A recent
study of British Airways pilots showed a standardised mortality ratio (SMR) of 333 for
malignant melanoma, and non-significant excess of cancer of the brain, central nervous system, and colon.4
Other studies have indicated increased risk
of cancer of the colon, brain, Hodgkin’s
disease, and malignant melanoma in pilots.5–7
Studies on air force and navy pilots have also
indicated increased risk of some cancer sites
notably testis, urinary bladder, Hodgkin’s
disease, and malignant melanoma.8 9 However,
these studies are in many ways not comparable
with the studies on commercial airline pilots.
Further evaluations on the relation between
cancer of the brain and nervous system and
exposure to radiation have been done in nested
case-control studies in the United States air
force.10 11
Occupational or occupationally related exposures of commercial airline pilots have been
mentioned previously.12 The discussion has
mainly focused on ionising radiation, engine
exhaust gases, ozone, electromagnetic fields,
and radiofrequency radiation; and lifestyle
factors—such as irregular working hours,
disturbance of the circadian rhythm, and easy
access to tax free tobacco and alcohol. Cosmic
radiation has been considered to be the most
important risk factor.13–16 Cosmic radiation differs from the exposure in the nuclear industry
because of a larger proportion of neutrons.
Cancer risk among pilots has recently attracted
attention and the possible causes have often
been discussed. The well known risk of
colorectal cancer among workers with sedentary occupations17 has been mentioned in
former studies.2 5 The excess risk of malignant
melanoma has also been explained by excessive
sunbathing,6 7 but no study has yet documented the sun exposure habits of pilots,
although the opportunity for intense sun bathing has been predicted for British and Swedish
pilots.7
Studies on pilots have thus not yet shown
consistent cancer patterns. This study was
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Methods
The cohort comprised 458 men. These were all
licensed commercial pilots in Iceland according to computerised files from the Icelandic
Aviation Authority. These files and the other
registers mentioned later were used to compile
a computer file of pilots. Permission was
obtained from the Data Protection Commission to produce this file and to link the records
with other registers. Each pilot’s personal identification number, which includes his date of
birth, was obtained from the National Registry
using the name, date of birth, and home
address. A computerised member list from the
Icelandic Pilots Association and the published
Book of pilots (Flugmannatal)18 were complementary to the information from the aviation
authority. The Book of pilots included information on the pilots’ professional careers. The
subjects entered the study the year they became
licensed.
Altogether 265 pilots out of the total cohort
had been employed by Icelandair, formerly
Flugfélag Íslands (Icelandair, established
1937) and Loftlei∂ir (Icelandic Airlines, established 1944). Since 1945 Icelandair has had
regular European routes and from 1952 regular
routes to North America and low priced transatlantic routes. As the company records
contained extensive information about the
pilot’s career the study is mainly restricted to
those ever employed at Icelandair. The company records included information on name,
date of birth, and personal identification
number, as well as information on time of
employment, type of aeroplanes, and periods
when in use. For all pilots employed in the year
1985 and thereafter the company files included
information on the type of aeroplane, and
number of block-hours flown each year by each
pilot. Block-hours is a measurement of the time
interval from the time the aircraft starts to
move under its own power until it comes to a
stop at the destination airport.
The personal identification number of each
subject was used in record linkage to the
National Registry to confirm date of death or
date of emigration. In that way it was possible
to ascertain the vital status of the total cohort.
A second record linkage was made to the
Icelandic Cancer Registry, which is a nation
wide registry of cancer cases, more than 94% of
which have been histologically verified.19
Person-years were calculated for each pilot,
starting on the first year in the study or 1955,
the first year of the Cancer Registry, whichever
came later and ending with his date of death or
emigration or at the end of 1997, the last year
in the follow up period, whichever came first.20
The number of expected cancers was calculated on the basis of person-years for each 5
year age category and the incidences of cancer
for the male population in Iceland obtained
from the Icelandic Cancer Registry. The ratio
between observed and expected numbers of
cancer or the standardised incidence ratio

Table 1 Division of the subcohort ever employed at
Icelandair according to accumulated block hours flown,
estimated accumulated radiation dose, and whether ever
flying over five time zones

Accumulated block hours:
–4.999
5.000–9.999
>10.000
Accumulated radiation dose (mSv):
–2.9
3–9.9
10–19.9
>20
Flying over five time zones
Ever
Never

n

mean

77
75
113

2213
7169
17694

87
49
62
67

1.3
6.7
14.8
30.9

148
117

(SIR) was calculated with the 95% confidence
interval (95% CI) assuming a Poisson distribution and making use of Byar’s approximation.20
Detailed information was available for those
pilots who had been employed by Icelandair.
Through information from the company and
the pilots’ association it was possible to estimate
number of block-hours per aircraft type for the
265 pilots ever employed by Icelandair including the 57 who had ended their employment
before 1985. Separate analysis was performed
dividing the cohort into three subgroups
according to accumulated block-hours: those
with <4999 hours, 5000–9999 hours, and
>10 000 hours as shown in table 1.
The cohort was also analysed according to
estimated dose of cumulative cosmic radiation.
The types of aircraft were classified into three
categories and assigned the appropriate
amount of µSv/block-hour according to measurements made on SAS pilots.15 The first
category included all propeller driven aircraft
allocated a radiation dose of 0.2 µSv/blockhour, the second category included Boeing 727
and 737 allocated 2 µSv/block-hour, and the
third category included Douglas DC 8 and DC
10, and Boeing 757 allocated 3 µSv/blockhour. The accumulated mSv for each pilot was
calculated by multiplying the amount of
µSv/block-hour by number of block-hours for
each aircraft type and adding the products. The
cohort was divided into four subgroups according to the following cumulative radiation dose:
<2.9 mSv, 3–9.9 mSv, 10–19.9 mSv, and >20
mSv as shown in table 1.
In an attempt to evaluate the possible
relation between disturbance of circadian
rhythm, jet lag, and risk of cancer the cohort
was divided into two groups: those who had
ever flown between Iceland and North America
and those who had only flown within Europe
disregarding the flight time or the periods
flown. There is a 5 hour time diVerence
between Iceland (Greenwich mean time), and
the east coast of North America, (eastern
time). Trips to Europe were usually made by
the same aircrew back and forth on the same
day, whereas a trip to North America was
followed by a stop over for some days.
To eliminate the eVect of selection of pilots
into diVerent exposure groups in the separate
analyses, we allowed 5 years to elapse before
the counting of person-years began, as was recommended by McDonald et al.21
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Cancer sites (ICD-7)*

Obs

Exp

SIR

95% CI

All cancers (140-205)
Oesophagus (150)
Colon (153)
Gall bladder (155.1)
Lung (162)
Prostate (177)
Kidney (180)
Malignant melanoma of the skin (190)
Eye (192)
Brain (193)
Thyroid (194)
Unspecified sites (199)
Leukaemia (204)
Acute myeloid leukaemia (204)

23
1
1
1
2
5
2
5
1
2
1
1
1
1

23.68
0.36
1.57
0.12
3.13
3.91
1.41
0.49
0.10
1.14
0.67
0.49
0.59
0.26

0.97
2.78
0.64
8.33
0.64
1.28
1.42
10.20
10.00
1.75
1.49
2.04
1.69
3.85

0.62to1.46
0.04to15.45
0.01to3.54
0.11to46.36
0.07to2.31
0.41to2.98
0.16to5.12
3.29to23.81
0.13to55.64
0.20to6.33
0.02to8.30
0.03to11.35
0.02to9.43
0.05to21.40

* Categories with only one cancer case are shown for the sake of completeness.
ICD-7= International classification of diseases, 7th revision.

Table 3 Observed (Obs) and expected (Exp) number of cancers, SIR (95% CI) among
265 pilots (5696.0 person-years 1955–97) ever employed at Icelandair
Cancer sites (ICD-7)

Obs

Exp

SIR

95% CI

All cancers (140-205)
Oesophagus (150)
Colon (153)
Gall bladder (155.1)
Lung (162)
Prostate (177)
Kidney (180)
Malignant melanoma of the skin (190)
Eye (192)
Brain (193)
Thyroid (194)
Unspecified sites (199)
Leukaemia (204)
Acute myeloid leukaemia (204)

19
0
0
1
2
4
2
5
1
2
1
0
1
1

16.43
0.26
1.10
0.08
2.24
2.84
0.99
0.32
0.07
0.76
0.44
0.33
0.40
0.17

1.16
0.00
0.00
12.50
0.89
1.41
2.02
15.63
14.29
2.63
2.27
0.00
2.50
5.88

0.70to1.81
— to14.11
— to3.33
0.16to69.55
0.10to3.22
0.38to3.61
0.23to7.29
5.04to36.46
0.19to79.48
0.30to9.50
0.03to12.64
— to11.12
0.03to13.91
0.08to32.73

Footnotes as for table 2.

Table 4 Observed (Obs) and expected (Exp) number of all cancers and malignant
melanoma of the skin, SIR (95% CI) among pilots employed at Icelandair according to
three categories of accumulated block hours with a requirement of a 5 year time interval
before the start of follow up
Cancer sites (ICD-7)

Obs

Accumulated block-hours 0-4999:
All cancers (140-205)
Malignant melanoma of the skin (190)
Accumulated block-hours 5000-9999:
All cancers (140-205)
Malignant melanoma of the skin (190)
Accumulated block-hours >10000:
All cancers (140-205)
Malignant melanoma of the skin (190)

Exp

SIR

95% CI

2
0

1.93
0.02

1.04
0.00

0.12to3.74
— to183.40

6
2

1.97
0.05

3.05
40.00

1.11to6.63
4.49to144.42

9
3

12.13
0.23

0.74
13.04

0.34to1.41
2.62to38.11

Footnotes as for table 2.

Table 5 Observed (Obs) and expected (Exp) number of all cancers and malignant
melanoma of the skin SIR (95% CI) among pilots employed at Icelandair according to
estimaated dose of additional accumulated cosmic radiation from flying with a requirement
of a 5 year time interval before the start of follow up
Cancer sites (ICD-7)
Accumulated cosmic radiation 0-2.9 mSv:
All cancers (140-205)
Malignant melanoma of the skin (190)
Accumulated cosmic radiation 3-9.9 mSv:
All cancers (140-205)
Malignant melanoma of the skin (190)
Accumulated cosmic radiation 10-19.9 mSv:
All cancers (140-205)
Malignant melanoma of the skin (190)
Accumulated cosmic radiation >20 mSv:
All cancers (140-205)
Malignant melanoma of the skin (190)

Obs

Exp

SIR

95% CI

4
0

4.47
0.05

0.89
0.00

7
2

1.19
0.03

5.88
66.67

2.36to12.12
7.49to240.70

4
1

2.08
0.03

1.92
33.33

0.52to4.92
0.44to185.46

4
2

3.72
0.07

1.08
28.57

0.29to2.75
3.21to103.16

0.24to2.29
— to73.36

Footnotes as for table 2.

Results
Table 2 shows the results for the total cohort.
The SIR for all cancers was 0.97. There was an
excess for malignant melanoma (SIR 10.20
and the 95% confidence interval (95% CI) did

not include unity). There was also an excess of
prostate cancer, kidney cancer, and brain cancer; however, the 95% CIs were wide and
included unity. For many sites the observed
cancers were few. The categories with only one
cancer case are shown for the sake of
completeness and to explain why cancer sites
were subsequently selected.
As malignant melanoma of the skin was so
prominent in the results we looked for the histological type of the other cancer sites in the
Cancer Registry and found that histologically
ocular cancer was also malignant melanoma.
One of the malignant melanomas of the skin
was on the head and neck, two were on the
trunk and two were located on the limbs. The
histology of the melanomas were of two types,
four were superficial spreading and one was the
lentigenous type.
Table 3 shows the results when a restriction
was made to those ever employed by Icelandair. Altogether there were 19 cancers
versus 16.43 expected. There was an excess for
the same cancer sites as in the total cohort. The
SIR for malignant melanoma was 15.63.
Table 4 shows the SIR for all cancers and
malignant melanoma according to accumulated numbers of block-hours. Among those
who had 5000–9999 block-hours the SIR for
all cancers was 3.05 and for malignant
melanoma the SIR was 40. The SIR for malignant melanoma was also high among those
with >10 000 block-hours.
Table 5 shows the observed and expected
numbers of all cancers and malignant
melanoma among pilots ever employed by Icelandair according to estimated dose of additional accumulated radiation from flying.
There was no malignant melanoma among
those with the lowest radiation dose and the
SIR for malignant melanoma was high among
those with large doses of accumulated radiation.
Table 6 shows the observed and expected
number of cases for selected cancer sites
according to whether the pilots had ever flown
over five time zones. Four malignant melanomas, the ocular melanoma, and the leukaemia
occurred in the subgroup ever flying over five
time zones.
Discussion
The excess of malignant melanoma of the skin
is the most significant finding in the present
study. However, this is based on few cases and
the 95% CIs are broad. This is consistent with
results from the study of British Airways pilots4
and the two studies by Band et al1 2 which
showed excess of malignant melanoma although the excess was not significant in all
analyses. Other studies have also found an
excess of malignant melanoma among professional pilots6 7 and in all pilots.3 The United
States air force aircrews had a high incidence of
malignant melanoma compared with the population, however, they only had moderately
increased rate for malignant melanoma compared with non-flying oYcers.8 In the study on
cancer registration data in England and Wales
and in Sweden, armed forces and military work
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Cancer sites (ICD-7)
Never flying over five time zones:
All cancers (140-205)
Malignant melanoma of the skin (190)
Eye (192)
Acute myeloid leukaemia (204)
Ever flying over five time zones:
All cancers (140-205)
Malignant melanoma of the skin (190)
Eye (192)
Acute myeloid leukaemia (204)

Obs

Exp

SIR

95% CI

12
1
0
0

8.35
0.11
0.03
0.08

1.44
9.09
0.00
0.00

0.74to2.51
0.12to50.58
— to122.27
— to45.85

7
4
1
1

6.70
0.16
0.03
0.07

1.04
25.00
33.33
14.29

0.42to2.15
6.73to64.00
0.44to185.46
0.19to79.48

Footnotes as for table 2.

were associated with a high risk of cutaneous
melanoma in both registries7 indicating that
internal comparison of groups in the army may
hide a potential risk of malignant melanoma.
A high incidence of malignant melanoma has
been reported among several professional
occupations.7 22 It has been postulated that the
high incidence may result from intermittent
and intense sun bathing habits linked with high
social class, high education, aZuence, and the
accessibility for sun holidays among groups
usually working indoors.7 23 24 A recent study
was without persuasive evidence of occupational risk factors.24 The SIR of 10–25 for
malignant melanoma in the present study is
remarkably high. In a recent review of the
causes of malignant melanoma there was no
study that showed such a high risk, however,
there were also studies in which no relation
between sun exposure and malignant
melanoma was found.25 High incidence of
malignant melanoma has been related to radiation in some occupational studies,26–29 but not
in the Los Alamos study,30 or in a mortality
study of British radiation workers.31 The follow
up time may have been too short in that study
to detect skin cancer in general, and particularly as skin cancer and skin melanoma have
good survival.32 Thompson et al reported that
in an incidence study in Japanese survivors of
the atomic bomb, non-melanoma skin cancer
was associated with radiation exposure when
followed up to 1987.32 However, malignant
melanoma of the skin, which is at a much lower
incidence among Japanese than among northern European people at similar latitudes is not
mentioned.33 For that reason it may be diYcult
to evaluate the risk of malignant melanoma
among survivors of the atomic bomb.
All the cases of malignant melanoma in this
study were histologically verified and this is
also the case for about 94% of all registered
cancers in the Cancer Registry, thus misclassification of the malignant melanomas is unlikely. Possible underregistration of malignant
melanoma in the registry has not been
evaluated. The pilots often attend medical
examinations which may lead to earlier diagnosis of the melanomas among the pilots than
among the general population. If this is the case
a better survival rate and spurious increased
incidence may be found among the pilots.
The estimates of the cosmic radiation was
done in a similar way as planned in a
forthcoming study on pilots from all the

Nordic countries. The subcohort at Icelandair
had more radiation from employment than the
male population in Iceland, but the subcohort
and the reference population are considered to
have sustained equal amounts of radiation from
terrestrial sources. The estimated additional
annual radiation dose in our study is 1-2 mSv
which is lower than has been estimated for
British Airways and United States pilots.13 14 16
This dose is well within the limits for
occupational exposure to radiation of an
adult.14 16
The incidence of malignant melanoma was
highest among those who had flown routes that
extended over five time zones indicating that
disturbance of the circadian rhythm and thus
the homeostasis of melatonin may play a part in
the aetiology of melanomas. Melatonin has an
oncostatic action and has been tried in the
treatment of metastatic melanoma.34 35 The
small size of our study does not allow us to
separate between the theoretical synergism, or
additive eVect, of cosmic radiation, disturbed
circadian rhythm, and the potential confounding of possible excessive sunbathing.
The excess of malignant melanoma in the
present study is based on five cases, which were
located on various body parts and of two histological types. It is therefore not possible to draw
any conclusions from these cases according to
diVerent location or histology.36 Nevertheless, it
is the second largest series of malignant
melanomas yet published in retrospective
cohort studies among commercial pilots.1–3
Only the British Airways study had more cases
of malignant melanoma.4
In this cohort there was no case of squamous
cell cancer of the skin (0.51 expected);
however, there were some cases of basal cell
carcinoma not reported here as they are not
regularly registered in the Cancer Registry and
so the information on basal cell carcinoma is
thus not considered to be reliable. In the first
Canadian study there was an excess of
non-melanoma skin cancer when squamous
cell cancer and basal cell carcinoma were
grouped together.1
Of course it is not possible to say much about
the one case of malignant melanoma of the eye
found among the pilots. In a recent casecontrol study of ocular melanoma, an increased
risk, odds ratio 3.0, was found for occupational
groups who had intense exposure to ultraviolet
light.37 Other risk factors for ocular melanoma
are welding exposure, work as chemists, blue
eyes, blonde hair, and indoor work37 38 similar
to malignant melanoma of the skin. Neither is
it possible to draw any conclusion from the
finding of one case of acute myeloid leukaemia
among the pilots although this type of cancer
has been associated with exposure to radiation
in other studies.
The non-significant excess of cancer of the
brain and prostate, and the deficit of lung cancer in the present study agree with former
studies of commercial pilots.1 2 4 6 In the total
cohort there was a small deficit of all cancers,
and after the restriction was made to those ever
employed at Icelandair there was a small excess
for all cancers. This contradicts with what was
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Table 6 Observed (Obs) and expected (Exp) number for all cancers, malignant
melanoma of the skin and eye, and leukaemia SIR (95% CI) among pilots employed at
Icelandair according to whether ever flying over five time zones with a requirement of a 5
year time interval before the start of follow up
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found among Canadian, Japanese, and British
Airways pilots,1–4 who showed deficits for all
cancers.
The pilots who had emigrated from Iceland
could not be followed up in the Cancer Registry. Altogether 66 people had emigrated during
the follow up period, 15 from the restricted
cohort. Most had emigrated after limited periods of employment. This happened during a
time of business depression at the beginning of
the 1970s. Only one pilot had emigrated after
retirement. This emigration has thus diminished the detection power of the study in a
similar way as those who died of aircraft
accidents. Because of the comprehensive
healthcare system in Iceland we are aware of an
additional one case of malignant melanoma of
the skin in a pilot after he had emigrated, which
consequently was not included in the study.
The small size of the study is an obvious
handicap leaving us with wide 95% CIs. The
strength of the study is the use of the comprehensive population registers in Iceland, the
National Registry, and the Icelandic Cancer
Registry. The universal use of the identification
numbers made it possible to ascertain vital status for all cohort members and could secure
complete identification of cancer cases in the
nationwide Cancer Registry. A high proportion
of the cancer cases reported to the Cancer
Registry were histologically verified as already
mentioned.19 The use of incidence data provided an opportunity to study cancer—such as
malignant melanoma—with a good survival, an
advantage compared with mortality as an end
point.
In conclusion the most important results of
this study of pilots is the high rate of malignant
melanoma in the cohort. The role of exposure
to cosmic radiation, number of block-hours
flown, and lifestyle factors—such as possible
excessive sunbathing—in the aetiology of
cancer among pilots is still open to discussion.
This calls for further and more powerful studies. The excess of malignant melanoma among
pilots flying over five time zones suggests that
disturbance of the circadian rhythm should be
taken into consideration in future studies.
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