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Background: This study investigated associations of self-rated health (SRH), recovery from work, fatigue, and insomnia with working conditions, the psychosocial work environment, lifestyle, and sense of coherence (SOC) among commercial pilots.

Methods: A standardized questionnaire was sent to all pilots in an airline company, of whom 354 (61%) responded. Associations were analyzed via ordinal and logistic regression with mutual adjustment.

Results: Overall, 21.8% of participants reported low SRH, 13.0% reported not recovering from work during their free time, 61.9% experienced fatigue, and 70.6% experienced insomnia symptoms. A high level of demand at work was associated with poor SRH and more fatigue, and low social support at work was associated with insomnia and poorer recovery from work. Habits surrounding exercise and BMI were associated with SRH. Part-time pilots and captains reported experiencing better recovery from work than their counterparts, while female pilots and younger pilots reported less fatigue. Amount of free time after work and the type of airplane operated were associated with experience of insomnia symptoms. Finally, having a strong sense of coherence was protectively associated with all health outcomes.

Conclusion: The psychosocial environment at work is essential for the health of pilots, and a strong sense of coherence can be protective. Occupational conditions may influence recovery from work, fatigue, and insomnia. Moreover, engaging in exercise, maintaining a healthy weight, working part-time, and having more free time after the working day could improve pilots' health.
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Introduction

The volume of commercial flights rapidly increased between 2001 and 2019, and the annual number of airline flights was 38.9 million in 2019, before the COVID-19 pandemic. Fatigue and sleep problems among pilots are issues that have attracted essential attention due to a reduction in their number of off-duty days and the highly stressful nature of their work. Flight volume fell sharply to 16.9 million in 2020 during the COVID-19 pandemic (1); however, although commercial pilots' working hours were reduced, their fatigue status did not improve. Instead, sleep duration was reported to be shorter, and in-flight sleepiness was reported more frequently during the COVID-19 pandemic compared to the pre-pandemic incidence (2). Due to the increase in competition between airlines, the number of off-duty days was reduced, and work-related stress increased among commercial pilots. At present, flight volume has slightly increased once more, and pilots' health status, fatigue status, and sleep quality continue to be important issues related to flight safety.

Commercial pilots are initially selected partly on the basis of good health, but questionnaire-based surveys have identified a high prevalence among them of various types of medical condition. A recent study of Norwegian commercial pilots found that musculoskeletal complaints (53%) and gastrointestinal problems (60%) were widespread, while allergies, depression, and respiratory symptoms were less common (3). A study of Swedish pilots found that 39.5% had eye symptoms, 39.9% reported nasal symptoms (rhinitis), and 19.8% reported non-specific airway hyperactivity (4, 5). The incidence of doctor-diagnosed asthma among commercial pilots is 2.4 cases per 1,000 person-years, slightly higher than the asthma incidence in the general population (5).

Sleep disturbances are common, especially among pilots operating international flights across time zones (6). A study of commercial pilots in Saudi Arabia found that half of the respondents were at risk of insomnia and fatigue (7). Another survey of international pilots found that the majority of commercial pilots reported fatigue after short-haul (76.5%) as well as long-haul (72%) flights (8). Pilots traveling across different time zones sleep longer after homeward-bound flights than before outward-bound flights (9). They usually recover to baseline with the third recovery sleep (10). Risk factors for fatigue among pilots include long hours of duty, circadian disruptions caused by inter-continental flights, and days of multi-segment duty (11–14). Chronic health problems may influence flight safety, but few pilots admit that they have ever made mistakes during a flight because of fatigue (15).

SRH (self-reported health, also referred to as perceived health) is a widely used indicator of health (16). Measured by a single question, it has been proven to be a reliable predictor of mortality (17) and the development of chronic diseases (18). SRH in the general population is influenced by social differences between countries (19), socioeconomic status (20), and occupational factors (21). We have found no previous study on risk factors for SRH among commercial pilots.

Antonovsky proposed the concept of sense of coherence (SOC). High SOC is a personality trait reflecting the health-promoting capability to cope with stress (22, 23). SOC is a construct consisting of three dimensions, namely comprehensibility, manageability, and meaningfulness, and has been demonstrated to predict various aspects of health (24). The SOC scale has been used in occupational studies (25–27), but we have found no previous research on SOC among commercial pilots.

The psychosocial work environment can influence health and is usually studied under the demand–control–support model (28, 29). Working conditions involving high demands, low control, and low social support are the most harmful (30, 31). Among commercial pilots, a low level of social support has been reported to be associated with sleep problems (32). Furthermore, recovery is an essential psychological process for detachment from work and preparation for new work challenges. Recovery from work can be affected by psychological demands at work, sleep quality, leisure style (33), and vacation time (34, 35). We have found few studies on the associations between psychosocial working conditions and health among commercial pilots (32, 36), and no previous research on recovery from work in this occupational group.

In an investigation of health risks among pilots, it is essential to adopt a holistic perspective, including attention to occupational and non-occupational risk factors. Our hypothesis in this study was that SRH, recovery from work, fatigue, and insomnia among commercial pilots can be influenced by their working conditions (type of aircraft, type of flights, and the psychosocial work environment) as well as their SOC and socio-economic and lifestyle factors. Our first aim was to investigate associations between the psychosocial work environment and SRH, recovery from work, fatigue, and insomnia; our second was to investigate the combined effects of working conditions, SOC, and lifestyle factors.



Materials and methods

This study formed part of a wider project on working conditions and self-reported health among commercial pilots. A self-administered questionnaire was sent to all Stockholm-based pilots (captains and co-pilots) on duty at a Scandinavian airline company (N = 585); 61% of the recipients participated (N = 354). The study protocol was approved by the Ethics Committee at Uppsala University, Uppsala, Sweden, and all participants gave their informed consent. Detailed information on the questionnaire has been previously published (32); briefly, it included items on demographic factors, working conditions, the psychosocial work environment, lifestyle and home environment, and SOC. The psychosocial work environment was assessed in accordance with the demand–control–support model by an instrument consisting of 27 questions, which has been validated in a previous study (32). This included five questions on work demands, six on work-related control, and 16 on social support at work. Sense of coherence (SOC) is a salutogenic factor introduced by Antonovsky (22, 23) that reflects an individual's coping abilities. Many instruments have been developed to measure SOC; in the present study, a three-question instrument for measurement of SOC was adapted from Lundberg and Nyström (37). This consisted of one question for each of the three dimensions: (a) manageability: do you usually see a solution to problems and difficulties that others find hopeless? (b) meaningfulness: do you usually feel that your daily life is a source of personal satisfaction? and (c) comprehensibility: do you usually feel that the things that happen to you daily are hard to understand?


Assessment of the four dependent variables

The questionnaire included one question assessing SRH: “In general, how would you like to describe your health?” (38). This was accompanied by four response options: “excellent,” “very good,” “fair,” or “poor.” A question on recovery from work was adapted from Gustafsson: “Do you feel rested and recovered when you start working again after a couple of days off?” (39). This was accompanied by five response options: “very often,” “quite often,” “sometimes,” “seldom,” or “never.” One question asked about fatigue during work or leisure time. Finally, three questions on sleep disturbances were adapted from a previous sleep questionnaire (40). These questions asked about difficulty in falling asleep, repeated awakenings during sleep, and too early final awakening, with a recall period of 3 months. Four response options were provided for each question: “most of the time,” “sometimes,” “seldom,” or “never.” Both fatigue and insomnia were treated as dichotomous variables, with insomnia being defined as reporting experience of at least one of the three symptoms most of the time or sometimes.



Statistical methods

Multiple logistic regression was used to analyze associations with fatigue and insomnia (yes/no variables). Ordinal regression was used to examine associations with SRH and recovery from work. For all ordinal regression models, parallel lines were tested to verify that ordinal regression could be used. Initially, health associations were analyzed in models with one exposure factor, adjusting for age and gender (single-factor models). As a next step, mutually adjusted regression models for occupational factors were constructed, including factors with a p-value <0.1 from the single-factor analysis, with adjustment for age and gender. The mutually adjusted model with occupational factors was then further adjusted for SOC. Finally, associations identified by the occupational and non-occupational models were selected for final mutual adjustment analysis (inclusion criterion: p < 0.1). Pearson's correlation coefficients between the independent variables were calculated. As the correlation between age and year of employment was above 0.7, only age was included in the final mutually adjusted models. All the psychosocial factors were included if any of them met the inclusion criterion of p < 0.1. For the logistic and ordinal regression models, odds ratios (OR) with a 95% confidence interval (CI) were calculated. A p-value < 0.05 was considered to be statistically significant. Calculations were carried out using IBM SPSS Statistics 21.




Results

The majority of respondents (88.9%) were 40–60 years old; 91.0% were men, 5.1% were current smokers, and 22.8% were ex-smokers. A total of 18.2% reported currently using snuff, and 14.8% were ex-users. Almost half were overweight (41.5%), but few (4.1%) were obese (Table 1). Around half (55.3%) had been employed by the same airline company for over 20 years, and 68.9% were full-time employees. Engaging in exercise was very popular, and 71.8% exercised at least twice per week (Table 1).


TABLE 1 Distribution of demographic and occupational variables among commercial pilots (N = 354).

[image: Table 1]

A total of 78.2% of the pilots reported good or excellent SRH, and 64.4% reported quite often or very often feeling recovered after several days off work. Fatigue (61.9%) and insomnia (70.6%) were commonly reported (Figure 1). The ranges of scores for work demands (high scores indicating high demand), work control (high scores indicating low control), and social support at work (high scores indicating low support) were 1–15, 3–18, and 0–42, with interquartile ranges of 6–10, 8–11, and 10–19, respectively. The distribution of responses across each dimension of SOC is displayed in Supplementary Table S1 in the Supplementary material. The range of total SOC scores was 1–9, and the interquartile range was 5–6.
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FIGURE 1
 Distribution of responses on self-rated health (SRH), recovery from work, and fatigue, and prevalence of insomnia, among commercial pilots (N = 354). (A) SHR, (B) Recovery from work, (C) Fatigue, (D) Insomnia. aThe scales on which each of these health variables were measured are presented above. Some of the response groups were merged because of small numbers of responses. The categories for each variable entered into the statistical models were as follows: SRH, poor or fair, good, excellent; Recovery, never or seldom, sometimes, quite often, very often; Fatigue, never or seldom, sometimes or often. bThe “Yes” category for insomnia represents respondents who reported experiencing any of the following symptoms either sometimes or most of the time during the prior 3 months: difficulty falling asleep, repeated awakenings with difficulty falling back to sleep, or too early final awakening.


Single-factor association analysis was performed for the four dependent variables with respect to each single occupational and non-occupational factor, adjusted for age and gender. Part-time pilots exhibited better recovery (p = 0.021). Pilots operating the Saab 2000 aircraft (p = 0.041) experienced less fatigue, and those operating the MD-80 series (p = 0.012) or Airbus 330/340 (p = 0.007) experienced more insomnia, compared to those operating the Boeing 737 (reference). Higher demand and lower levels of social support at work were associated with poorer outcomes on all four dependent variables. A lower level of control at work was also associated with poorer recovery from work. A higher total SOC score was associated with higher SRH (p < 0.001), better recovery from work (p < 0.001), less fatigue (p < 0.001), and less insomnia (p < 0.001). Those with a greater sense of manageability, meaningfulness, or comprehensibility reported higher SRH, better recovery from work, less fatigue, and less insomnia. Overweight or obese pilots reported poorer SRH (p < 0.001) and more fatigue (p = 0.026). Ex-smokers (p = 0.003) and current snuff users (p = 0.017) reported poorer SRH as compared to non-smokers and non-snuff users, respectively. Pilots in a “weekend couple” relationship reported lower SRH (p = 0.037) and poorer recovery from work (p = 0.021). Those with pre-school children (aged 0-6 y) at home also reported poorer recovery from work (p = 0.009). Pilots who engaged in frequent exercise reported higher SRH (p < 0.001) and better recovery from work (p = 0.009). Those with more free time after work reported higher SRH (p = 0.040), better recovery from work (p < 0.001), and less insomnia (p = 0.005). Finally, pilots who slept <5 h per night (short sleepers) reported lower SRH (p = 0.042) and poorer recovery from work (p = 0.014) (Supplementary Table S2).

Figure 2 presents the results from the final mutually adjusted models. Associations were identified between aspects of the psychosocial work environment and all health outcomes. Specifically, high work demand was associated with reduced SRH (p = 0.044) and increased fatigue (p < 0.001), while low social support was associated with poorer recovery from work (p < 0.001) and increased insomnia (p = 0.006). Type of aircraft was related to fatigue (p = 0.032) and insomnia (p = 0.003): specifically, pilots operating the MD-80 series aircraft (OR = 2.27, 95% CI: 1.21–4.29) or Airbus330/340 (OR = 4.16, 95% CI: 1.98–8.74) had higher rates of insomnia, compared to those operating the Boeing 737 aircraft as a reference. Co-pilots reported experiencing poorer recovery from work than captains (p = 0.008), and older pilots reported less fatigue (p = 0.005). Part-time work was associated with improved recovery from work (p = 0.001). Overweight or obese pilots reported lower SRH (p < 0.001), and engaging in exercise more frequently was associated with higher SRH (p = 0.004). Finally, more free time after work was associated with reduced insomnia (p = 0.021).
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FIGURE 2
 Associations of SRH, recovery from work, fatigue, and insomnia with selected occupational and non-occupational factors in a multiple regression model. (A) SHR, (B) Recovery from work, (C) Fatigue, (D) Insomnia. aAssociations between dependent variables and the factors included were calculated via ordinal regression models, adjusted for age and gender. bAssociations of the dependent variables with overall sense of coherence (SOCtot) and with psychosocial variables were calculated on the basis of their interquartile range. c“Couple” was defined as being in a stable relationship in which the respondent lives with their partner. “Weekend couple” was defined as being in a relationship in which the respondent lives separately from their partner, and they usually meet on weekends.




Discussion

In summary, the findings indicated that a poor psychosocial environment at work (i.e., highly demanding work or low levels of control over one's work) can adversely influence pilots' self-rated health, recovery from work, fatigue, and insomnia. Avoiding becoming overweight or obese and engaging in regular physical exercise are important lifestyle factors in promoting health. Furthermore, operating intercontinental flights can increase insomnia among pilots and working part-time can improve their recovery from work. Similarly, having more free time after work can reduce insomnia. Beyond these factors, a strong sense of coherence is also beneficial for all four aspects of health that were examined in this study.

Our study has several strengths. It is a unique study on risk factors and health-promoting factors for self-rated health, recovery from work, fatigue, and insomnia among commercial pilots. The study had a reasonable response rate (61%), and there were no differences in age or gender between participants and non-participants. Thus, selection bias after the point of employment is not likely to have exerted any major influence on our results. However, since pilots are initially selected partly on the basis of being in good health, they are not comparable with the general adult population. An additional strength is that we employed statistical models with mutual adjustment for various occupational and non-occupational factors.

One limitation of the study is that we collected only self-reported data, which could create information bias. However, we observed associations between specific dependent variables and specific risk factors, rather than a general presence of many associations with the same order of magnitude. Thus, it is not likely that information bias underlies the patterns observed. A further limitation is that we recruited pilots only from a single airline, which limits the study's external validity; moreover, the cross-sectional design of the study limits the ability to draw conclusions about causation. Additionally, although we included several factors reflecting working conditions in this study (including position, type of aircraft operated, and full- vs. part-time duty), no environmental measurements were taken in the aircraft. Our previous studies have reported on various microbial exposures in aircraft cabins (41, 42), which have an important impact on human health (43–45). Environmental exposure is difficult to quantify, because aircraft and airlines change every duty day. Further studies are needed to assess the combined impact of working conditions, the psychosocial work environment, and environmental exposure in aircraft.

We observed that SOC was a highly protective factor for pilots' health: specifically, a high SOC was protectively associated with all four health outcomes in single-factor analyses and in the mutually adjusted models. We have found no previous study on SOC among commercial pilots; however, recent studies of workers in other occupations have reported the same protective effect of SOC. A high SOC is associated with better health among Hungarian midwives, and negatively associated with work-related stress in hospitals (46). Additionally, a recent Swedish study has reported that SOC could act as a buffer against work-related stress among teachers (47). SOC represents a salutogenic coping ability that is considered to be relatively stable in adulthood (48, 49), but can nevertheless increase as a result of positive life events (50) or decrease as a result of adverse or drastic life events (51). Several studies have indicated that certain interventions may improve SOC. Such interventions include mindfulness (52), movement, sports and games (53), and activities that facilitate reflection on one's SOC (50). A recent study has reported that resistance training exercise significantly elevates SOC levels among older adults (65–75 years old) (54).

The psychosocial work environment was found to be related to all four health outcomes in single-factor analyses. In the mutually adjusted models, high demand was associated with poor SRH and an elevated incidence of fatigue, and low social support at work was associated with poor recovery from work and an elevated incidence of insomnia. Our results concerning the association between work demands and SRH are consistent with those of several previous large European studies (55, 56). To improve their pilots' psychosocial work environment, airline companies should focus on optimizing social support and, if possible, reducing the demands placed on them at work.

In the following part of the discussion, we focus on factors other than SOC and the psychosocial work environment, discussing associations identified for each health variable. Overall, a total of 21.8% of the pilots reported only poor or fair SRH. We found no previous study on SRH in commercial pilots. Pilots who were overweight or obese had poorer SRH, and those who engaged in frequent physical exercise (at least twice a week) had better SRH. Negative associations between obesity and SRH have been reported previously in large population studies (57, 58). Physical activity has been reported to be associated with SRH in the general population in Seoul, South Korea (59), and in Australia (60).

Our question on recovery from work was adapted from one used with government employees in a previous publication (39). We found that one third (35.6%) of the pilots did not feel recovered after several days off work. Co-pilots reported poorer recovery from work than flight captains, and those working part-time reported better recovery from work. The major differences between captains and co-pilots are rank and salary; captains take responsibility for their flights, and co-pilots take orders from the captain. To our knowledge, our study is the first on recovery from work among commercial pilots.

A majority (61.9%) of the pilots reported experiencing fatigue (sometimes or often). In our previous study, in which we used a different question to measure fatigue, 29.9% of pilots reported weekly fatigue, and 82.8% of pilots reported any experience of fatigue during the prior 3 months (4). Female pilots experienced more fatigue, a finding which is in agreement with that of a previous study reporting a similar gender difference (61). Moreover, older pilots experienced less fatigue, in contrast with the findings of a large population study in the UK reporting that fatigue increases with age (61). However, older pilots were more experienced and their duty schedules were less stringent.

More than two thirds of the pilots (70.6%) reported experiencing insomnia. In addition to the influence of SOC and the psychosocial work environment, being overweight or obese increased insomnia and having more free time after work reduced insomnia. Moreover, the type of aircraft operated also influenced the prevalence of insomnia. The Airbus 330/340 was the only aircraft type used among the respondents for intercontinental flights. As expected, pilots on these intercontinental flights experienced more insomnia than those operating flights within Europe (reference group: Boeing 737 operators). Moreover, pilots who operated MD-80 aircraft experienced more insomnia than those operating the Boeing 737. The Boeing 737 and MD8-0 are both narrow-body aircraft operated over short and medium ranges; thus, it is possible that a factor other than flight duration could be the cause of this difference.

In conclusion, occupational and non-occupational factors have a combined impact on pilots' health. Further studies investigating health associations with exposure to particular environmental factors in either the home or the work environment should use multi-dimensional modeling to assess these associations. For commercial pilots, a positive psychosocial environment is essential for good health. Additionally, a strong sense of coherence can be an important health-promoting personality-related factor in self-rated health, recovery from work, fatigue, and insomnia. To promote good health among commercial pilots, airline companies should invest more resources into improvements to their psychosocial work environment: in particular, they should create the perception of appropriate levels of demand and strong social support at work. Training aiming to improve pilots' SOC is advisable both at the company level and for individuals. Moreover, maintaining a healthy lifestyle is beneficial for health: for instance, avoiding becoming overweight or obese, engaging in regular physical exercise, and maintaining a schedule that includes ample free time after work.
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Smoking

Non-smoker 72.1
Ex-smoker 2238
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Oral tobacco (snuff) use

Never used 67.0
Have used but quit 14.8
Current snuff user 182
BMI*

Underweight 0
Normal 54.4
Overweight 415
Obese 4.1

Exercise frequency

Sometimes 10.7
Once/week 17.5
2-4 times/week 62.2
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Marital status

Married/couple 89.4
Weekend couple 35
Single 7.1

Children and age of children

None 26.8
7-18 yr 531
<6yr 20.1
Amount of free time after work

Half an hour/day 251
1-2 h/day 455
3-4h/day 206
5-6 h/day 79
Sleep duration

6-8h 87.6
4-5h 38
>8h 8.6
Years of employment®

5-20 44.7
21-30 36.8
31-50 185
Employment status

Full time 68.9
75-80% 28.0
50% 3.1
Position

Captain 61.0
Co-pilot 39.0
Type of aircraft

B737 343
MD-80 series. 320
A330/340 258
Saab 2000 79

*Body mass index (BMI) was defined as the body mass divided by the square of body
height. BMI values were categorized as: underweight (<18.5), normal (18.5-24.99),
overweight (>25.00), or obese (>30.00). Overweight and obese were merged into a single
group (>25.00) for entry into the statistical models.

Years of employment is presented here as a summary of the distribution across three
ranges, but in the statistical models, it was treated as a continuous variable.
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