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What’s already known about this topic?  

 Airline pilots are exposed to cosmic and ultraviolet radiation in their occupations and 

cabin crews are occupationally exposed to cosmic radiation 

 Airline pilots and cabin crews appear to be at significantly increased risk of developing 

melanoma; pilots are at increased risk of dying from melanoma 

What does this study add?  

 Risk of melanoma and other skin cancer is approximately doubled in airline pilots and 

cabin crew compared with the population; occupational exposure to ultraviolet 

radiation is unlikely to explain the raised risk 

 Causal roles of occupational exposure to ionising radiation, and recreational exposure to 

ultraviolet radiation, are plausible but there is little supporting evidence 

 Almost all relevant evidence is out-of-date and is restricted to the Northern Hemisphere: 

research is needed that better reflects the occupational environment and recreational 

behaviour of current pilots and cabin crews 

 

Summary  

Background: Airline pilots and cabin crew are potentially exposed to hazardous ultraviolet 

(UV) and cosmic radiation that may increase their risk of melanoma and other skin cancers. 

 

Objectives: To establish precise risks of melanoma and keratinocyte cancer (KC) for airline 

pilots and for cabin crew based on all studies published to date.  

 

Methods: We searched Medline, ISI science citation index, EMBASE, SCOPUS, and CINAHL to 

June 2018. All studies of melanoma and KC risk and mortality in airline pilots and cabin crew 

compared with the general population were eligible. Standardised incidence ratios (SIRs) and 

mortality ratios (SMRs) were pooled using random effects models. 
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Results: From 5866 articles, we reviewed 44 full-text articles, of which 12 studies whose data 

were collected mostly between the 1970s–1990s, were eligible for inclusion. The pooled SIR 

(pSIR) for melanoma in pilots was 2.03 (95% confidence interval (CI) 1.71–2.40) and in cabin 

crew was 2.12 (95% CI 1.71–2.62). For pilots, pSMR for melanoma was 1.99 (95% CI 1.17–3.40) 

and for cabin crew was 1.18 (95% CI 0.73–1.89). For KC, the pSIR was 1.86 (95% CI 1.54–2.25) 

in pilots and 1.97 (95% CI 1.25–2.96) in cabin crew. There was no evidence of study 

heterogeneity. 

 

Conclusions: Available evidence shows that airline pilots and cabin crew have about twice the 

risk of melanoma and other skin cancers compared with the general population, with pilots 

more likely to die from melanoma. However, most of evidence was collected several decades 

ago and their relevance to contemporary levels of risk is uncertain. 

 

Airline pilots enjoy substantially better health than the general population: they undergo 

regular medical examinations and have higher than average socio-economic status1. Despite a 

lower risk of some cancers2,3, airline pilots appear to be at significantly increased risk of 

developing and dying from melanoma4-7. A recent survey reported that melanoma rates among 

airline pilots were about 50 times higher than those of the general adult population (19 per 

1000 vs. 0.4 per 1000)6. Specific occupational causes such as increased exposure to cosmic 

ionising radiation8, UV radiation 9, and circadian rhythm disruption10 are plausible explanations.  

 

Cabin crew are exposed to the same levels of cosmic radiation as pilots and suffer the same 

disruption of circadian rhythm, but they are not likely to be occupationally exposed to UV 

radiation. A recent meta-analysis of published studies of airline pilots and/or cabin crew 

reported double the incidence of melanoma in both pilots and cabin crew compared with the 

general population (standardised incidence ratios (SIRs) 2.22, 95% confidence interval (CI) 

1.67–2.93, and 2.09, 95% CI 1.67–2.62 respectively)5. In addition, the standardised mortality 

ratio (SMR) for melanoma was significantly raised among pilots (1.83; 95% CI 1.27–2.63) 

though not among cabin crew (SMR, 0.90)5. However, this analysis included studies of aviation 

warfare system operators and military pilots as well as non-airline commercial pilots flying 

short sectors at lower altitudes. Melanoma was not histologically confirmed in all included 

studies. Data about risk of keratinocyte cancers (KC) in airline pilots show conflicting 

results2,11,12. 

 

Because of uncertainty about melanoma and KC risk in airline pilots, we undertook a systematic 

review and meta-analysis of all relevant studies published to date. We also systematically 

reviewed all published studies and pooled the risk estimates of melanoma in cabin crew as a 

comparison group. Finally, to supplement these data, we reviewed the published evidence on KC 

risk in both airline pilots and cabin crew compared with the general population. All studies 

included were of histologically-confirmed melanoma and KCs. Since hazardous occupational UV 

exposure would be restricted to the flight deck and therefore would affect only pilots, we 
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hypothesised that their risk of melanoma and KC compared with the general population would 

be increased more than the corresponding risk of melanoma and KC seen in cabin crews. 

 

METHODS 

We followed the Meta-analysis of Observational Studies in Epidemiology guidelines for reviews 

of observational Studies13 and the Preferred Reporting Items for Systematic reviews and Meta-

Analysis statement to guide reporting14. The review protocol was registered with PROSPERO 

(CRD42017056234)15.  

 

Data sources and searches 

We searched only published studies as unpublished literature is often preliminary16. Eligible 

studies in any language to June 2018 were identified by searching the Medline database using 

PubMed software, the ISI Science Citation Index using the ISI Web of Science search interface, 

EMBASE, SCOPUS, and CINAHL.  

 

The four-step search strategy entailed an initial search of the database followed by analysis of 

the text words contained in titles and abstracts, and of the index terms used to describe relevant 

articles. A second search using all identified keywords and index terms was then undertaken 

using the medical subject headings or words such as: pilot, airline, aircrew, flight, flight crew, 

melanoma, basal cell, squamous cell, skin cancer, skin neoplasms, non-melanoma, 

keratinocyte15. The reference lists of all identified reviews and articles were searched for other 

additional studies and finally, studies that have been commonly cited in the literature and 

review articles were included as citation search terms in the ISI Science Citation Index (1990 to 

present) to identify subsequent studies that had referenced them. Titles and abstracts of all 

identified articles were reviewed by two investigators to exclude those that were clearly not 

relevant. Non-English articles were assessed after translation. The full texts of the remaining 

articles were read independently by two investigators to determine if they met the study 

inclusion criteria, and any differences were resolved by a third investigator.  

 

Inclusion and exclusion 

Prospective and retrospective cohort studies that in any language reported the incidence of or 

mortality from melanoma or KC (i.e. BCC or SCC) in airline pilots or cabin crew compared with 

the general population were included. Only studies with histological confirmation of melanoma 

were included. For mortality, eligible outcome assessments were record linkage (ICD codes), 

death registries, death certificates, and physician records. Disagreements were resolved by a 

third reviewer. When multiple reports were published on the same population or 

subpopulation, we included in the meta-analysis estimates from the report with the longest 

follow-up duration or the most comprehensive data. Reasons for excluding studies were 

recorded.  
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Data extraction and quality assessment 

Two reviewers independently abstracted data from identified studies using a standardized data 

abstraction form, with inconsistencies resolved by consensus. The following information was 

recorded for each study: study design, location, years of data collection, sources and definition 

of cohort, definition of exposure (e.g. flying hours, radiation dose), number of cases, person-year 

duration of follow-up, age of the study population, variables used for statistical adjustment, 

point estimates (odds ratio, hazard ratio, or standardized incidence or mortality ratio) and 95% 

confidence intervals (CIs). Finally, two independent reviewers conducted quality assessment 

using the Newcastle-Ottawa Quality Assessment Scale17 where the score ranges from 0 to 9 with 

greater score indicating higher study quality.  

 

Data synthesis and analysis 

To pool individual study estimates, we used the method of DerSimonian and Laird18 using a 

random-effects model. We presented pooled standardised incidence ratios (pSIR) and pooled 

standardised mortality ratios (pSMR) with 95% confidence intervals. Statistical heterogeneity 

among studies was assessed using the Q-statistic19 and inconsistencies were quantified using 

the I2 statistic20. Sensitivity analyses were conducted by excluding each study in turn to examine 

the effect on the pooled estimate. We also assessed potential publication bias through visual 

inspection of funnel plots and using Begg’s and Egger’s tests21,22. All statistical analyses were 

performed using STATA Version 15 (STATA Corporation, College Station, TX). 

 

RESULTS 

The search identified 5866 articles, from which we retrieved 44 full-text articles for review. Of 

these, 20 were duplicate reports or included overlapping study populations, a further two did 

not present estimates in comparison with the general population, leaving 12 studies eligible for 

inclusion1,2,7,11,12,23-29 (Fig 1; Table 1).  

 

Characteristics of included studies 

Studies were published between 1990 and 2017, and three studies were based in North 

America12,27,29, five in Europe1,2,11,25,28 and four were multinational7,23,24,26 (Table 1). Ten studies 

were retrospective cohort2,7,12,23-29 and two studies were both retrospective and prospective1,11. 

All 12 studies ascertained incidence of or mortality from various relevant registries (e.g. cancer 

registries). According to the Newcastle-Ottawa Quality Assessment Scale, seven studies scored 

71,2,23-26,28, four studies scored 611,12,27,29, and only one study scored 57 (Table 1). 
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Melanoma incidence and mortality in pilots 

Among the seven studies of incidence of melanoma in airline pilots reported, six studies found 

an increased risk compared with the general population, with SIRs ranging from 1.76 to 

2.291,7,12,25,26,29 whereas one study reported null association (SIR 0.98)2 (Fig 2). Using a random 

effects model, the estimated pooled SIR (pSIR) for melanoma in pilots was 2.03 (95% CI 1.71–

2.40) with no evidence of heterogeneity (I2=0.0%, p=0.84). On excluding each study in turn, the 

pSIR ranged from 1.88 (95% CI 1.51–2.33) (Pukkala et al.26 excluded) to 2.17 (95% CI 1.73–2. 

73) (Dos Santos Silva et al.1 excluded). There was no evidence of publication bias (Begg p=0.76; 

Egger p=0.66). There were three studies from Europe (Denmark, Finland, Iceland, Norway, 

Sweden, and UK) that assessed dose-response1,26,30, where level of cosmic radiation exposure 

was assessed by surrogates: duration of employment26, cumulative cosmic radiation exposure30, 

and type of licence and cumulative flight hours1. These associations tended to be linear: longer 

duration of employment, greater cosmic radiation exposure, and longer world flights were 

associated with increased melanoma risk.  

 

Three studies reported melanoma mortality in pilots 23,28,29 and all showed increased risk of 

death compared with the general population with pSMR of 1.99 (95% CI 1.17–3.40) (Fig 3) and 

no evidence of heterogeneity (I2=41.6%, p=0.18). On excluding a study at a time, pSMR ranged 

from 1.56 (95%CI 1.08–2.25) on excluding the study by Irvine et al.28 to 2.84 (95% CI 1.17–

3.40) on excluding the Hammer et al. study23. There was no evidence of publication bias (Begg 

p=0.60; Egger p=0.75). Dose-response was assessed by three studies 31-33, where cosmic 

radiation exposure was variably assessed by duration of employment31, cumulative cosmic 

radiation (calculated by multiplying a dose/type of aircraft by number of block-hours for each 

aircraft type and adding these numbers), flight durations32, and employment duration 

(including with a 10 year-lag), cumulative cosmic radiation exposure (summed estimated daily 

effective doses (using information on a dose/flight duration, frequencies of flights) over the 

duration of employment)33. None of the studies reported a significant dose-response 

relationship between any of these measures and melanoma mortality in pilots.  

 

Melanoma in cabin crew 

The estimated pSIR for melanoma in cabin crew was 2.12 (95% CI 1.71–2.62) based on two 

studies 24,27 with no evidence of heterogeneity (I2=0.0%, p=0.55) (Fig 4). Analyses of dose-

response were reported in two studies24,27. Measures of level of exposure were employment 

duration24,27, age at union entry, flight assignments (domestic vs. international)27, and 

cumulative cosmic radiation exposure as measured by annual radiation dose (using information 

on route, type and duration of flight) over employment duration24; no significant dose-response 

associations were observed.  

 

Only one study assessed melanoma mortality in cabin crew 23 and showed no elevation (SMR 

1.18 (95% CI 0.73–1.89)). There was no significant dose-response in relation to duration of 

employment, cumulative cosmic radiation exposure measured by estimated annual segment 
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specific effective dose (using information on flight types and durations) and assumed annual 

flight hours, cumulative number of time zones crossed, or cumulative time spent working in the 

standard sleep interval 34. 

 

Keratinocyte cancer in pilots 

One study that assessed basal cell carcinoma (BCC) incidence in pilots 26 found over a doubling 

of risk (SIR 2.46 (95% CI 1.88–3.16)). Pooling four studies that assessed KC incidence in 

pilots2,11,12,26 also indicated an increased risk compared with the general population (pSIR 1.86 

(95% CI 1.54–2.25)) with no evidence of heterogeneity (I2=1.4%, p=0.39) (Fig 5). On excluding 

each study in turn, the pSIR varied from 1.54 (95% CI 1.13–2.10) when the study by Pukkala et 

al.26 was excluded to 1.99 (95% CI 1.59–2.49) when that by Band et al.12 was excluded. There 

was no evidence of publication bias (Begg p=0.73; Egger p=0.16). One study of keratinocyte 

cancer mortality in pilots 23 showed no increase in risk (SMR 0.93 (95% CI 0.15–3.04)).  

 

Keratinocyte cancer in cabin crew 

One study assessed BCC incidence and overall keratinocyte cancer incidence in cabin crew24 and 

found both were approximately twice the corresponding rates in the population (SIRs 2.33 

(95% CI 1.77–3.01) and 1.97 (95% CI 1.25–2.96) respectively). One study of keratinocyte cancer 

mortality in male cabin crew based on 8 deaths23 showed a raised SMR (8.01 (95% CI 2.98–

17.33)) compared with the background population. 

 

Melanoma incidence by body site 

Too few data were available to estimate melanoma incidence for different body sites. Only three 

studies evaluated melanoma sites in pilots25,26,30 and two studies in cabin crews24,35 and across 

these studies melanoma was reportedly increased on all sites relative to the general population 

in both groups. 

 

DISCUSSION 

A review of all relevant published studies suggests that airline pilots have about twice the risk of 

melanoma and of keratinocyte skin cancers than the general population. They also appear to be 

at greater risk of dying from melanoma but not KC compared with the population at large. Given 

that solar UV radiation is the main environmental cause of melanoma and KC, these data appear 

to implicate occupational exposure to UV as a cause. UV is undetectable in the cabins of modern 

airliners, and flight deck levels are either undetectable or not increased above ground level 

values36 though this might not have been the case for airliners operating in the last century 

when ultraviolet A (UVA) levels on airline flight decks may have been increased37. However, we 

found that almost all relevant published evidence is out-of-date and reflects the circumstances 

and patterns of behaviour of pilots and cabin crews in the mid- to late twentieth century rather 

than those of today’s pilots and cabin crews. 
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Despite this, risk of melanoma and KC among cabin crew, is raised to the same degree as pilots 

and consequently, occupational exposure to increased levels of UVR is unlikely to explain our 

findings. Both pilots and cabin crew experience disruption of circadian rhythm on long-haul 

routes. Although this is known to be carcinogenic in experimental animals, evidence is more 

limited in humans30. Moreover, much of the data about cancer incidence in airline pilots has 

accrued from pilots flying short-haul routes. Consequently, circadian disruption seems unlikely 

to explain our findings. Diagnostic bias due to regular clinical surveillance could contribute to 

raised incidence of melanoma and BCC in pilots and cabin crew; however, this would not be 

expected to be associated with increased melanoma mortality. 

 

Exposure to cosmic radiation is elevated in both pilots and cabin crew although dosimetry 

shows annual exposure to be below levels currently thought to be hazardous38 including to the 

skin39. Although melanoma is a cancer with very low sensitivity to induction by ionizing 

radiation40 and consequently is not included among cancers attributed to ionizing radiation in 

systematic reviews41, ‘safe doses’ regarding induction of melanoma have not been precisely 

defined and so current occupational dose limits could not be set to specifically minimise 

melanoma risk. Moreover, the US National Council on Radiation Protection and Measurements 

show that pilots have the largest average annual effective dose of all radiation-exposed workers 

in the US42. The data showing a linear relationship between melanoma risk (but not melanoma 

mortality) and longer duration of employment, greater radiation exposure, and longer world 

flights is in keeping with this notion, and should be explored further.  

 

The alternative explanation for the raised risks of melanoma and KC in pilots and cabin crew is 

recreational exposure to solar UV radiation during recreational activities including during 

stopovers at final destinations. UV is believed to be the cause of melanoma in white populations 

living at all latitudes43 including most of the melanoma in those living at northern latitudes 

where all published studies regarding melanoma in pilots to date have been undertaken44. 

There is however no direct evidence to show that airline pilots and cabin crew have increased 

recreational UVR exposure. In particular, increased UVR exposure during stopovers is not 

supported by evidence, and many professional pilots consider it improbable (K Burnham and G 

Cruse, personal communication). Moreover, many of the sectors and destinations included in 

the published studies were at medium and high latitudes. 

A previous systematic review5 also found a doubling of rates of melanoma in pilots and cabin 

crew compared with the general population, though this was based on a pooled dataset for 

pilots that differed from the present pooled data. The earlier review included studies of military 

as well as airline pilots 45,46 and one without histologically confirmed disease47, as well as four 

study populations 48-51 that had been covered by the single pooled study of melanoma incidence 

in national cohorts of pilots from Denmark, Finland, Iceland, Norway and Sweden26. For 

melanoma SMR we included a new study23, namely a pooled study of melanoma mortality in 

cohorts of airline pilots and cabin crew from Denmark, Finland, Germany, Greece, Iceland, Italy, 

Norway, Sweden, UK and the USA which replaced several previously included studies 28,31 34 52. 

Finally, the previous review5 assessed melanoma only, while we additionally assessed other 

skin cancers. 
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There was no evidence of publication bias assessed by Begg’s and Egger’s tests (all p>0.05). 

Nonetheless, the tests are likely to be underpowered due to the small number of studies 

included in this meta-analysis, and the results should be interpreted with caution. Further, 

included number of studies for meta-analysis is small, although three of 12 were large pooled 

studies. With the exception of melanoma incidence in pilots, four studies or less were included 

in the meta-analyses and this may have limited our ability to estimate heterogeneity accurately. 

Although we did not detect heterogeneity, neither did we assume homogeneity and used 

random effects models to account for between-study variance. In this review, we did not include 

unpublished literature such as conference Abstracts. However, these sources are often 

preliminary, final results can change, and unpublished literature is not peer reviewed. A major 

limitation of this review is the lack of contemporary evidence: two large pooled incidence 

studies included data from as far back as 1947 and almost all of the data were collected at least 

2 to 3 decades ago. Thus, the available evidence has uncertain relevance to today’s airline flight 

crews whose occupational circumstances and recreational patterns are different from those of 

20 to 70 years ago. Furthermore, European study populations predominate as the basis of 

available datasets. One New Zealand study was excluded because the measure of melanoma 

occurrence was self-reported lifetime prevalence6, and so there were no studies from 

Australasia and relatively few from North America to round out the evidence base, leaving it 

deficient in coverage of melanoma risk in pilots from highly susceptible white-skinned 

populations. 

 

In summary, this review of all available evidence suggests that airline pilots and cabin crew are 

at twice the risk of melanoma and keratinocyte skin cancers as the general population, and also 

that pilots are at raised risk of death from melanoma. However, the bulk of the relevant 

evidence is out-of-date as it collectively reflects the circumstances and patterns of behaviour of 

pilots and cabin crews in the mid- to late twentieth century. Ionising radiation exposure 

remains a plausible cause, and there is an urgent need for contemporary research on this topic.  
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Fig 1. Flow diagram of study selection for meta-analysis of melanoma and skin cancers in 

professional pilots and cabin crew 

 

Fig 2. Forest plot of pooled studies of melanoma incidence in pilots. Each line represents an 

individual study result, with the width of the horizontal line indicating 95% CI, the position of 

the box representing the point estimate and the size of the box being proportional to the weight 

of the study. CI, confidence interval; SIR, standardised incidence ratio. 

 

Fig 3. Forest plot of pooled studies of melanoma mortality in pilots. Each line represents an 

individual study result, with the width of the horizontal line indicating 95% CI, the position of 

the box representing the point estimate and the size of the box being proportional to the weight 

of the study. CI, confidence interval; SMR, standardised mortality ratio. 

 

Fig 4. Forest plot of pooled studies of melanoma incidence in cabin crew. Each line represents 

an individual study result, with the width of the horizontal line indicating 95% CI, the position 

of the box representing the point estimate and the size of the box being proportional to the 

weight of the study. CI, confidence interval; SIR, standardised incidence ratio; F, female; M, male. 

 

Fig 5. Forest plot of pooled studies of KC incidence in pilots. Each line represents an individual 

study result, with the width of the horizontal line indicating 95% CI, the position of the box 

representing the point estimate and the size of the box being proportional to the weight of the 

study. CI, confidence interval; SIR, standardised incidence ratio. 
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Table 1. Characteristics of 12 studies included in meta-analysis of melanoma and keratinocyte cancers (KC) among pilots/flight crew and cabin crew 

First author (year) Study location Study period  Study population  Total No. (M/F) Outcomes Study qualitya 
Gudmundsdottir 
(2017) 

Iceland 1955–2015 Pilots 551 (551/0)b Melanoma 
incidence, KC 
incidence 

7 

Hammer (2014) Europe (Denmark, 
Finland, Germany, 
Greece, Iceland, 
Italy, Norway, 
Sweden, UK), USA 

1989–2004 Pilots/flight crew, 
cabin crew 

Pilots 36,816 
(36,816/0); Cabin 
crew 56,955 
(12,288/44,667) 

Melanoma 
mortality, KC 
mortality 

7 

dos Santos Silva 
(2013) 

UK 1989–2008 Pilots/flight crew 16329 (15867/462) Melanoma 
incidence 

7 

Pukkala (2012) Europe (Finland, 
Iceland, Norway 
and Sweden) 

1947–1997 Cabin crew 10,066 
(1,559/8,507) 

Melanoma 
incidence, KC 
incidence 

7 

Perez-Gomez (2004) Sweden 1971–1989 Pilots Not statedc Melanoma 
incidence 

7 

Pukkala (2003) Europe (Denmark, 
Finland, Iceland, 
Norway, Sweden) 

1946–1994 Pilots 10,051 (10,051/0) Melanoma 
incidence, KC 
incidence 

7 

Reynolds (2002) USA 1988–1995 Cabin crew 8,111 
(1,216/6,895) 

Melanoma 
incidence  

6 

Irvine (1999) UK 1950–1992 Pilots/flight crew 7,362 (7,362/0) Melanoma 
mortality 

7 

Milanov (1999) Bulgaria 1964–1994 Pilots Not statedc KC incidence 6 
Band (1996) Canada 1950–1992 Pilots 2740 (2740/0) Melanoma 

incidence, 
melanoma 
mortality 

6 

Band (1990) Canada 1970–1988 Pilots  913 (913/0) Melanoma 
incidence, KC 
incidence  

6 
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Vagero (1990) UK, Sweden 1961–1979 Pilots Not statedc Melanoma 
incidence 

5 

a Study quality was assessed using the Newcastle-Ottawa Quality Assessment Scale. 

b This meta-analysis included part of pilot population (‘other’ Icelandic commercial pilots n=265) as other pilots were already included in Pukkala 

(2003). 

c 100% males 
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