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1. Introduction 
  

Cancer is a major area of interest within the field of 

occupationally related diseases. Occupational diseases have 

been extensively examined for decades (Şen et al., 2019). The 
term “De morbis artificium diatriba” (Diseases of workers) 

was first introduced by Bernardino Ramazzini in 1700 

(Ramazzini, 2001). After that, a great number of studies have 

been carried out on this particular subject (Van Tongeren et al., 

2012).  

In 1775, Percival Pott reported the first occupational cancer 

(Herr, 2011). Aircrews, miners and quarry and construction 

workers are among the high-risk occupations which are 

exposed to work related carcinogens.  

Cancer is one of the most common causes of mortality 

among pilots and incidence is increasing worldwide (Hammer 
et al., 2012; Bagshaw & Cucinotta, 2008). Incidence studies 

suggest that cancer is accounted for a larger mortality among 

United States commercial pilots. It has been reported that 

airline crew in Germany had the highest radiation exposure 

among the occupational groups (Wollschläger et al., 2018). 

Moreover, a considerable amount of literature has been 

published on cancer incidence among airline pilots from 

several European countries (Irvine & Davies, 1999; ,Haldorsen 

et al., 2000; Hammer et al., 2012) and Japan (Kaji et al., 1993). 

It has been reported that three most common cancers among 

airline pilots are skin cancer, prostate cancer and brain cancer 

(Gudmundsdottir et al., 2017). 

Medical status of pilots is of great importance for safe 

piloting to ensure the maintenance of aviation safety (Kilic, 

2021). Airline pilots are occupationally exposed to specific 

occupational risk factors (carcinogens) such as cosmic 

radiation, circadian dysrhythmia, non-ionizing radiation, 
electromagnetic fields and jet fuel combustion products 

(McCartney et al., 1986) potentially leading to cancer (Raslau 

et al., 2016).   

Cosmic radiation is an ionizing radiation originates outside 

the solar system and interacts with the earth’s atmosphere 

(ICAO, 2012).  Airline pilots are exposed to elevated levels of 

radiation (cosmic galactic radiation) at aircraft cruising 

altitudes in comparison to the exposure at sea level (Bagshaw 

& Illig, 2018). It has been reported that the highest radiation 

dose levels were measured on polar routes and at high altitudes 

(Langner et al., 2004). Hammer et al reported that there was a 
positive trend of all cancer with radiation dose (Hammer et al., 

2012). 

Low-frequency electromagnetic fields in the cockpit is one 

of the environmental factors which may be attributed to cancer 

(Nicholas et al., 1998). This electromagnetic field is generated 

by the aircraft’s electrical system. It has been suggested that 

there may be an association between electromagnetic field 

exposure and reduced melatonin level (Stevens et al., 1992) 

which is known for impeding prostate cancer metathesis 

(Wang et al., 2020). 

Non-ionizing radiation is known as a series of energy 

waves such as ultraviolet radiation from sunlight, infrared 
radiation from mobile phones, radiofrequency and microwave 
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radiation, extremely low frequency radiation from electrical 

equipment and electrical wiring (United States Department of 

Labor, 2021). Exposure to non-ionizing radiation may give 

rise to serious burns, permanent eye damages (e.g., cataracts), 

and malignant diseases (e.g., skin cancer)(Dyro & Morris, 

2004; Cadilhac et al., 2017). 

Disruption of circadian rhythms is one of the most 

important factors causing fatigue among pilots (Goffeng et al., 

2019) and has been associated with several types of cancer 

(Cadilhac et al., 2017).  
Pilots operating long-haul aircraft are exposed to time zone 

displacements and disturbed sleep which might impede their 

performance and cause insomnia (Gander et al., 2014). 

Furthermore, the International Agency for Research on Cancer 

(IARC) described the circadian rhythm disruption as a 

potential carcinogenic to humans (WHO-International Agency 

for Research on Cancer, 2010) 

Jet fuel combustion products are among the occupational 

risk factors and they contain carcinogenic compounds 

including polycyclic aromatic hydrocarbons (Ritchie et al., 

2003). It has been reported that exposure to kerosene type fuel 

(aviation fuels), which is widely used in civil aviation, may 
cause cancer (Siemiatycki et al., 1988).  

Smoking (Carbone, 1992), imbalanced diet (Key et al., 

2020), and recreational sun exposure (Newman et al., 1996) 

are among the factors associated with cancer. It has been 

reported that smoking, including passive exposure gives rise 

to 80% of lung cancer (Alberg & Samet, 2003). Previous 

studies on pilot have reported that smoking prevalence among 

pilots are predominant (Ahsan MA et al., 2016) (Hall et al., 

2018). However, other researchers have reported that the 

prevalence of smoking among pilots is lower than smoking 

prevalence in Swedish normal population (Lindgren et al., 
2008).  Several studies highlighted that there were strong 

correlations between several types of cancer and dietary 

factors (Armstrong & Doll, 1975). A number of studies have 

reported that there was a strong association between 

recreational sunburn and risk of skin cancer (Oliveria et al., 

2006). 

Piloting profession is a sedentary occupation. Long-term 

sitting in the cockpit may give rise to sorts of problems such 

as venous thromboembolism (Kilic & Soran, 2020), back 

strain (Rodriguez & Ortiz Mayorga, 2016), and colon cancer 

(Garabrant et al., 1984). Another important factor associated 

with cancer is the duration of the employment. It was shown 
that there was a positive correlation between the duration of 

employment and cancer (Hammer et al., 2014).  

A great number of airlines launched cancer awareness 

campaigns and raised money to support cancer research 

projects. For instance, each October, Delta airlines hosts its 

annual campaign to encourage employees to generate cancer 

awareness and support breast cancer research fundraising 

(Staff Writer, 2021). Cargolux Airlines participated in the Fly 

Pink fundraising initiative (Rachelle Harry, 2019).  

Although extensive research has been carried out on cancer 

incidence among pilots, no single study exists which examine 
cancer awareness of airline pilots. With these consideration in 

mind, the aim of this study is to investigate the awareness level 

of airline pilots on cancer and occupational risk factors.  

Based on the issues mentioned above, we offered the 

following hypotheses. The first hypothesis proposed that the 

awareness level of airline pilots on occupational cancer may 

vary based on the demographics. The second hypothesis was 

“the effort of airline pilots to be informed on occupational 

cancer may vary based on demographics.” The third 

hypothesis proposed that the risk factors of occupational 

cancer for airline pilots may vary based on the demographics. 

 

2. Materials and Methods 

 

2.1. Subjects 

The study sample consisted of 523 airline pilots from 5 

different airline companies, all based in Turkey. Participation 

in this study was voluntary and unpaid. The majority of the 

subjects (59.7%, N= 312) were airline captains. Of the 
respondents, 29.4% (N=154) were first officers and 10.7% 

(N=56) senior first officers (cruise relief pilots). Of the 

participants, 475 (90.8%) were men and 48 (9.2%) were 

women. Approximately, one half of the participants had more 

than 20 years flight experience. Almost two-thirds of the 

participants (68.1%, N=352) fly long-haul aircrafts (e.g., 

Boeing 777,787, 777-Freighter, Boeing 747, Airbus A330, 

Airbus 340 and Airbus 350). 9,9% of those who were 

interviewed (N=52) were 20-30 yr of age, 40% (N=209) of the 

participants were 31–40 yr of age, (N=134) of the participants 

were 41-50 yr of age, and 24.5% (N=128) of the subjects were 

older than 50. 
 

2.2. Survey 
The questionnaire was developed based on input from field 

experts and the research literature on occupational cancer and 

aviation medicine. Cronbach’s alpha test was performed to test 

the reliability of 13 expressions and factor analysis was used 

to determine the consistency. The questionnaire was 

distributed online to 1200 airline pilots who are based in 

Turkey. 523 of them responded to the questionnaires. The 

response rate was % 43.6. The questionnaire consisted of 20 

items and 4 sections. The first section consists of questions 
regarding the demographics of subjects, such as gender, age, 

total flying experience, ranking, current type rating (Questions 

1-6). In the second part, the participants were asked whether 

they had been informed about occupational cancer through e-

learnings and recurrent trainings, whether they had read books, 

academic articles, and magazines on the subject and whether 

they had used of social media as an informative source were 

questioned (Questions 7 and 8). In the third section, eight items 

were used to assess the awareness level of participants on 

occupational cancer and carcinogens (Questions 9-16,20). The 

final section of the questionnaire asked if they wear sunscreen 

in the cockpit, can maintain a balanced diet during the flight 
and layover and smoke cigarettes were questioned (Questions 

18 and 19). The participants answered the questions on a 5-

point Likert-type scale that ranges from “1- strongly disagree” 

to “5- strongly agree”.  

 

2.3. Statistical analysis 
Data analyses were performed using SPSS (the Statistical 

Package for the Social Sciences) for Windows 24.0. 

Kolmogorov-Smirnov test was performed to examine the 

compliance of the parameters with normal distribution. A one-

way ANOVA was used to assess the results of the survey. Prior 
to ANOVA test, the Levene’s test was conducted to test the 

equality of variances. For unequal variances, the Tamhane T2 

test was performed. The Bonferroni correction was used for 

equal variances.  A 95% confidence interval and a significance 

level of P 0.05 were used for the interpretation of the results.  
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3. Result and Discussion 
 

The results revealed that pilots had little knowledge of 

occupational cancer. Of those participants, 45.5% (N=238) 

reported that they could maintain a balanced diet during the 

flight and layover. Almost half of the respondents (47.6%, 

N=249) indicated that they did not wear sunscreen in the flight 

deck. The results are in the line of earlier literature that found 

a minority of airline pilots (14%1) use sunscreen (Yong et al., 

2022).  Of those respondents, 45.7% (N=239) reported that 
they smoked cigarettes The finding is consistent with 

findings of past studies by Ahsan et al. which found almost 

half of the pilots (42%) were smokers (Ahsan MA et al., 

2016). A minority of participants (20.1%, N=105) indicated 

that they had been informed about occupational cancer by e-

learning and recurrent trainings. Approximately one-third of 

those surveyed (30%, N=157) said that they read books, 

academic articles, and magazines about occupational cancer 

and follow the topic on social media. 

The most striking results from the data is that 68.2% 

(N=357) of those questioned were aware of the recreational 

sun exposure (during the holidays and layovers) which 

accounts for many acute and chronic dermatological 
diseases, including skin cancer. 

  

 

Based on the findings illustrated in Table I, there was a 

significant difference between male and female participants. 
Female pilots were found to be much more aware about cancer 

than male pilots. There were no significant differences in the 

awareness levels of participants based on their age (e.g., 20-30 

years old, 31-40 years old, 41-50 years old, and 51 or older), 

total flying experience (e.g., less than 5 years, 5-10 years, 11-

15 years, 16 to 20 years, more than 20 years), ranking (e.g., 

commander, senior first officer, first officer), and type of 

aircraft (e.g., long-haul and short-haul). As shown in Table 1, 

pilots flying 81-90 hours in a month were much more aware 

than those among the remaining participants. These findings 

provided support for our first hypothesis.  
Based on the results of one-way ANOVA, there was a 

significant difference in the effort of participants to get 

information on occupational cancer (reading newspaper, 

magazines and following social media sources) based on their 

age (e.g., 20-30 years old, 31-40 years old, 41-50 years old, 

and 51 or older). It was found that pilots aged 51 and older 
made much more effort to keep themselves informed about 

occupational cancer than pilots aged 31-40 and 41-50. 

According to the results of the one-way ANOVA, there was no 

significant difference in the mean results of informative 

sources based on ranking of pilots (e.g., commander, senior 

first officer, first officer) and type of aircraft (e.g., long-haul 

and short-haul) (P 0.05). Interestingly, there were significant 
differences in the efforts of participants to be informed about 

occupational cancer based on their total flying experience 

(e.g., less than 5 years, 5-10 years, 11-15 years, 16 to 20 years, 

more than 20 years). Pilots with 5-10 years of flying 

experience made much less effort to get information about 

occupational cancer than experienced pilots. These findings 
provided strong support for the second hypothesis “the effort 

 
Table 1.  Study results based on the demographic factors 

    Risk Factors Awareness Information Sources 
  N Mean F P Mean F P Mean F P 

Gender                     
Male 475 3.211 10.526 0.001 3.400 4.352 0.037 2.598 3.469 0.063 
Female 48 3.677     3.648     2.844     

 

Age 

                    

20-30 years old 52 3.663 6.192 0.000 3.483 1.291 0.277 2.750 10.208 0.000 
31-40 years old 209 3.093    3.398    2.488    
41-50 years old 134 3.216    3.344    2.459    
51 or older 128 3.387     3.522     2.953     

 

Rank 

                    

Senior First Officer 56 2.973 3.292 0.038 3.387 0.698 0.498 2.482 1.589 0.205 
Commander 312 3.253    3.456    2.673    
First Officer 155 3.355     3.369     2.565     

 

Experience 

                    

Less than 5 years 78 3.474 2.822 0.025 3.353 1.243 0.292 2.776 6.108 0.000 
5 to 10 years 157 3.073    3.345    2.347    
11 to 15 years 42 3.369    3.389    2.833    
16 to 20 years 32 3.406    3.573    2.594    
More than 20 years 214 3.259     3.490     2.727     

 

Aircraft Type 

                    

Long haul 352 3.220 1.110 0.293 3.435 0.471 0.493 2.588 0.661 0.416 
Short haul 165 3.315     3.384     2.655     

 

Flying in a month 

                    

Up to 60 hours 85 3.094 2.567 0.054 3.169 7.085 0.000 2.371 3.669 0.012 
61-70 hours 210 3.274    3.427    2.612    
71-80 hours 180 3.222    3.435    2.694    
81-90 hours 48 3.563     3.810     2.823     
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of airline pilots to be informed on occupational cancer may 

vary based on demographics. 

The results, as shown in Table I, indicated that female 

airline pilots were much more aware of the risk than male 

airline pilots. It was also shown that there were significant 

differences in the risk level of participants based on their age, 
ranking, flying experience. Pilots in the 20-30 age group at 

greater risk in comparison to pilots in the 31-40 and 41-50 age 

groups. On the other hand, pilots aged 51 and older exhibited 

more risk than pilots in the 31-40 age groups. First officers 

were at greater risk than senior first officers. There was no 

significant difference in the risk level between commanders 

and first officers. Pilots with less flying experience (e.g., less 

than 5 years) were found at greater risk compared to pilots with 

flying experience of 5 to 10 years. Furthermore, there was no 

significant difference in the risk level of participants based on 

the type of aircraft (e.g., long-haul and short-haul). 

The current study found that the awareness level of airline 
pilots was low. It is interesting to note that the awareness levels 

of pilot flying 81-90 hours in a month higher than those among 

the pilots flying less than 80 hours in a month.  

Contrary to expectations, the older pilots (51-65) were 

much more interested in getting information on occupational 

cancer than the younger pilots. One possible explanation for 

this might be that short-haul pilots and long-haul pilots had 

almost the same level of occupational cancer awareness.  

These findings suggest that pilots should be informed on 

occupational cancer, risk factors, and preventive actions 

through recurrent trainings and e-learnings. The flight training 
departments of airlines should pay special attention to this 

particular issue in order to increase awareness of pilots on 

occupational cancer. Targeted educational efforts should be 

implemented to increase awareness among airline pilots. Pilots 

should be encouraged to wear sunscreen in the flight deck. 

Pilot unions, airline pilots’ associations and airline companies 

should call for more educational efforts. Flight schools and 

flight training departments of universities should inform their 

students (ab-initio pilots) about occupational cancer, risk 

factors, and preventive actions. Civil aviation authorities may 

publish informative documents for aviators.  

As mentioned in the introductory section of this paper, high 
cancer awareness may contribute to early diagnosis and 

improve cancer survival. Therefore, it is highly important that 

organizations (e.g., airlines, civil aviation authorities, flight 

training organizations, and pilot training departments of 

universities) should provide adequate supervision.  

 

4. Conclusion 
 

This study set out with the aim of examining the awareness 

levels of airline pilots on occupational cancer. To the best of 

our knowledge, no research has been conducted so far to 
investigate the awareness level of airline pilots on 

occupational cancer. The findings from this study made 

several contributions to the current literature. First, it has 

demonstrated, for the first time, that the level of awareness on 

occupational cancer among airline pilots was low. Second, the 

need for supervisory support (e.g., recurrent trainings, e-

learnings, webinar, and seminar) has increased. 

The most important limitation is that a cross sectional 

design was used in this study. A further study could assess the 

cancer incidence among airline pilots to determine whether 

workplace factors play a role. Another limitation of our study 

was the language of the survey. Although the English 

proficiency of airline pilots is at good level, the survey should 

have been applied in Turkish language to overcome language-

related misconceptions and misunderstandings. In summary, 

these results indicated that implications (e.g., cancer 

awareness programs such as pink chain campaigns and 

training programs) to inculcate healthy lifestyle among pilots 
and to increase their level of knowledge about occupational 

cancer may help to create awareness about occupational cancer 

among airline pilots, reduce cancer risks, and enhance overall 

safety in aviation.  

 

Appendix 
 

1.  Gender 

a. Female 

b. Male  

2. Which of the following categories describes your 

age? 
a. 20-30 

b. 31-40 

c. 41-50 

d. 51-60 

e. 61 and older 

3. Which position do you hold? 

a. Second officer 

b. First Officer 

c. Senior First Officer 

d. Commander 

4. How long have you been flying? 
a. Less than 5 years 

b. 5 to 10 years 

c. 11 to 15 years 

d. 16 to 20 years  

e. More than 20 years 

5. What type of aircraft do you fly? 

a. Short-haul (Airbus A320, Boeing 737 etc.) 

b. Long-haul (Airbus A330, A380, A350, Boeing 

777,787, 747 etc.) 

6. How many hours do you usually fly in a month?  

a. Up to 60 hours 

b. 61-70 hours 
c. 71-80 hours 

d. 81-90 hours 

e. More than 90 hours 

7. I read books, academic articles and magazines on 

aviation-related cancer and follow social media for 

this issue? 

8. I have been informed about aviation-related cancer 

by e-learnings and recurrent trainings 

9. My knowledge of the cosmic radiation contributing 

to cancer is... 

10. My knowledge of the UV radiation contributing to 
cancer is... 

11. My knowledge of the circadian rhythm disruption/ 

shift work contributing to cancer is... 

12. My knowledge of the exhaust gases from the 

engine contributing to cancer is... 

13. My knowledge of the electromagnetic fields (from 

cockpit instruments) contributing to cancer is...  

14. My knowledge of the inadequate diet contributing 

to cancer is...  

15. My knowledge of the job stress/psychological 

demand contributing to cancer is...  
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16. My knowledge of that airline pilots are 

occupationally exposed to higher level of UV 

radiation and cosmic radiation 

17. Do you smoke or have you ever smoked cigarettes? 

a. Yes 

b. No 
18. I wear sunscreen in the flight deck 

19. I can maintain a balanced diet during the flight and 

layover. Balanced Diet: a) Protein in fish, meat, 

poultry, dairy products, eggs, nuts. b) Fat found in 

animal and dairy products. c) Carbohydrates found 

in fruits, vegetables, whole grains, and beans. d) 

Vitamins. e) Minerals and f) water. 

20. I am aware of the recreational sun exposure (during 

the holidays and layovers) which accounts for a 

large number of acute and chronic dermatological 

diseases, including skin cancer 
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