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Objective   The aim of this study was to evaluate mortality and acute myocardial infarction (AMI) incidence 
among commercial and military flying personnel in Sweden.

Methods   Flying personnel, employed at the Swedish part of Scandinavian Airlines and/or the Swedish Armed 
Forces at some point between 1957–1994, were included. The cohort was followed regarding mortality and AMI 
incidence using national registers of hospital discharges and deaths. The observed mortality and AMI incidence 
was compared with the expected rate in the general Swedish population through standardized mortality ratios 
(SMR) and standardized incidence ratios (SIR) taking age, gender, and calendar year into account. 

Results   Swedish flying personnel, except male cabin crew, had a lower-than-expected all-cause mortality (SMR 
ranging from 0.57 among female cabin crew to 0.79 among navigators and mechanics; male cabin crew 0.89) and 
cardiovascular mortality (SMR from 0.31 among female cabin crew to 0.79 among navigators and mechanics). 
We observed an elevated mortality in aircraft accidents (SMR ranging from 23.87 among commercial pilots to 
165.68 among military pilots). Male cabin attendants had a higher-than-expected mortality for alcohol-related 
death causes and acquired immunodeficiency syndrome (AIDS). AMI incidence was reduced in all groups and 
across the lifespan (SIR between 0.13 among female cabin crew and 0.61 among navigators and mechanics). 

Conclusions   Swedish flying personnel have a low all-cause mortality. This is mostly due to a reduced cardio-
vascular mortality reflecting a low AMI incidence during the working life as well as after retirement.
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Several studies have reported a lower-than-expected 
cardiovascular mortality among flying personnel com-
pared to the general population (1–9). This has many 
possible explanations including individual as well as 
occupation-related factors. When entering the profes-
sion, flying personnel in general need to be in good 
health. This is true for military and commercial pilots, 
navigators, and flying mechanics and also, to some 
extent, cabin crew. In Sweden, military flying person-
nel need to stay in good physical shape throughout their 
careers to manage the yearly mandatory physical tests 

(10, 11). Commercial flying personnel also undergo 
regular medical examinations (12, 13). There are several 
factors in the work environment of flying personnel that 
may influence the risk of cardiovascular disease. These 
include exposure to exhaust fumes and irregular working 
hours (14). In particular, airline personnel may also be 
exposed to job strain (high psychological demands and 
low work control) (15) and – for those working on long 
distance flights – disruptions of the circadian rhythm. 
Historically, airline personnel were also exposed to 
environmental tobacco smoke. Before 1997, smoking 
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was allowed in the cabin of SAS aircrafts exposing 
especially cabin crew, but also pilots to some extent, 
to environmental tobacco smoke (16). These factors 
would tend to balance a healthy selection effect into the 
occupation with regard to cardiovascular risk. 

In Sweden, commercial as well as military flying 
personnel are categorized as high-level non-manual 
employees (17). This socioeconomic group has been 
associated with a reduced risk of cardiovascular dis-
ease (18). A low mortality from cardiovascular diseases 
could, at least theoretically, be due to a better survival 
after acute myocardial infarction (AMI). An increased 
awareness of symptoms and signs and a greater pro-
pensity to seek care leading to an earlier start of treat-
ment could ensure a better survival. From an air safety 
perspective, it is important to know whether the low 
cardiovascular mortality reflects a correspondingly low 
myocardial infarction incidence; from a public health 
perspective, it is also of interest to see if it lasts even 
after retirement (19, 20). Although several studies have 
shown a lower cardiovascular mortality among flying 
personnel as compared to the general population, there 
are few studies on cardiovascular disease incidence 
during working life (21–23) but essentially no stud-
ies including cardiovascular disease incidence after 
retirement. Very few studies include both airline and 
military flying personnel (14). These groups have in 
some respects a common background in the recruitment 
into the occupation but, as noted above, differ in several 
respects with regard to occupational exposures of pos-
sible relevance for cardiovascular risk.

The aim of this study was to analyze the mortality 
pattern among commercial and military flying person-
nel and investigate the myocardial infarction incidence 
among these groups in Sweden using national registers 
of causes of death and AMI. In Sweden, cohorts of mili-
tary as well as airline personnel have been compiled that 
can be followed in national registers providing informa-
tion on AMI incidence. 

Methods

Subjects

The cohort for this study consisted of (i) male commer-
cial pilots working at Swedish bases of Scandinavian 
Airlines (SAS), resident in Sweden, and employed 
anytime between 1957–1994 (N=1478); (ii) cabin atten-
dants from Swedish bases of SAS employed during the 
same time period (632 male and 2324 female); and (iii) 
military pilots (N=2166), navigators, and mechanics 
(N=991) recorded in the medical records 1957–1994 

in the Aero Medical Centre at Swedish Armed Forces. 
As there were very few female pilots, navigators, and 
flying mechanics, this study was restricted to males 
in these occupations. The compilation of the cohort 
has been described in earlier studies (24, 25). Dates of 
employment for the airline personnel were collected 
from archives at SAS. Cause-specific deaths for the 
cohort were retrieved from the Swedish national causes 
of death register. 

Since 1986, the retirement age for military pilots 
in Sweden has been 55 years. Prior to 1986, they had 
flying duty until 50 years of age and then worked with 
other military duties until 60 years. The retirement age 
has always been 60 years old for the rest of the military 
personnel. The retirement age for Swedish SAS pilots 
and cabin crew is 60 years of age. During earlier years, 
the cabin crew could start working part-time from 55 
years of age. SAS pilots can continue working on short 
distance flights until 65 years if they wish. Cabin atten-
dants are allowed to continue working until 67 years if 
they are healthy.  

We present results for major causes of deaths includ-
ing total, cardiovascular disease, cancer, and external 
causes with aircraft accidents presented separately. In 
addition, results are presented for alcohol-related deaths 
and deaths due to acquired immunodeficiency syndrome 
(AIDS) since these causes have been highlighted in previ-
ous papers (8, 26). Information on other causes of deaths 
is available upon request from the authors. Detailed can-
cer incidence data have been published on these cohorts 
previously (24, 25). The presented causes of deaths were 
defined as cancer [International Classification of Dis-
eases, 9th revision (ICD-9): 140–208)], cardiovascular 
disease (ICD-9: 390–416, 420–441, 444, 453), aircraft 
accidents (ICD-9: E840–E844), external causes except 
aircraft accidents (ICD-9: E800–E999 except E840–
E844), AIDS (ICD-9: 279.5–279.6), and alcohol-related 
deaths (ICD-9: 291, 303, 305.0, 357.5, 535.3, 571). 

Incident cases of AMI were identified through the 
national hospital discharge register and the national 
causes of death register. AMI incidence was defined 
as ICD-9 code 410. All hospital discharges with AMI 
and all deaths due to AMI for the cohort members were 
extracted from the registers and regarded as the same 
AMI episode if they occurred within 28 days. The 
Swedish National Board of Health and Welfare uses this 
method, which has been evaluated in earlier studies (27). 

These Swedish national cause of death and hospital 
discharge registers cover all deaths among permanent 
residents of Sweden, irrespective of whether the death 
occurred in Sweden or abroad, and every hospitalization 
regarding acute medical cases in Sweden respectively. 
These registers were linked to the cohort of flying person-
nel using the personal identification number, unique to 
every resident of Sweden. The quality of these registers 
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is good and linkage can be performed essentially without 
loss due to the Swedish personal identification numbers 
(28–31). Only 0.5% of the deaths in the national cause of 
death register lacked information on cause. Less than 1% 
of hospital discharges in the national hospital discharge 
register lacked personal identification number and <1% 
lacked main diagnosis. We also obtained information 
about the mortality and AMI incidence in the general 
population from these registers. The follow-up period 
for mortality was 1961–1999 and 1987–1999 for AMI 
incidence since the Swedish hospital discharge register 
began national coverage of hospitalizations in 1987. From 
a register of migration at Statistics Sweden, we recorded 
all migrations into or out of Sweden by members of the 
study population during the years 1968–1999. 

In the analysis of mortality, the observation period 
began 1 January 1961, at the time of employment (SAS 
personnel), date of first medical examination (military 
personnel), or immigration to Sweden, whichever came 
last. It ended 31 December 1999, at the time of death, or 
emigration out of Sweden, whichever came first. In the 
analysis of AMI incidence, the observation period started 
on 1 January 1987, at the time of employment (SAS per-
sonnel), date of first medical examination (military person-
nel), or immigration to Sweden, whichever came last. It 
ended 31 December 1999, at the time of AMI, at time of 
death, or emigration out of Sweden, whichever came first. 

Statistical analysis

Person years at risk were calculated in 5-year age and 
calendar intervals using the software package Epicure 
release 2.10 (Hirosoft International Corp, Seattle, WA, 
USA). Expected numbers of deaths and incident AMI 
were calculated using age, gender, and calendar-year-
specific mortality and AMI incidence rates in the Swed-

ish population. Standardized mortality ratios (SMR) 
were calculated dividing observed numbers of deaths by 
expected numbers using SAS for Windows version 9.1 
(SAS Institute, Cary, NC, USA). Standardized incidence 
ratios (SIR) were calculated correspondingly. Both SMR 
and SIR were accompanied by 95% confidence intervals 
(95% CI) assuming that the observed number of cases 
followed a Poisson distribution. For a direct comparison 
of AMI incidence between commercial and military 
pilots, a standardized relative risk (SRR) was calculated 
by gender using 5-year age groups.

Results

The military personnel had a higher inclusion age in the 
beginning of the study period because, prior to 1968, the 
health examinations began when the individual reached 
40 years of age (table 1). All groups of flying personnel, 
except male cabin crew, had a reduced all-cause mor-
tality (figure 1A). Commercial pilots and female cabin 
crew had about 40% reduced mortality, and military 
flying personnel had a 25% reduction. If we exclude 
the aircraft accidents from the total mortality, the SMR 
decreased by an additional 4–15% in the different flying 
personnel groups. 

Military pilots and female cabin crew had a reduced 
risk of cancer mortality while the other groups had about 
the same risk as the population (figure 1B). Mortality 
from cardiovascular diseases was substantially reduced 
in all groups (figure 1C). It was a 20% reduction among 
navigators and mechanics and a 50% reduction among 
commercial pilots, military pilots, and male cabin 
crew. Female cabin crew had a very low cardiovascular 
mortality (SMR 0.31, 95% CI 0.09–0.80).

Table 1. Characteristics of the cohort by occupational group. [SAS=Scandinavian Airlines; AMI=acute myocardial infarction.]

Swedish part of SAS Military Total

Pilots Cabin crew Pilots Navigators and  
flying mechanics

Flying personnel

Male Female
N % N % N % N % N % N %

Individuals 1478 19.5 632 8.3 2324 30.6 2166 28.5 991 13.1 7591 100

Deaths 121 8.2 61 9.7 39 1.7  379 17.5 185 18.7 785 10.3

Incident cases of AMI a 30 2.0 12 1.9 2 0.1  101  4.7 59 6.0 204 2.7

Emigrated out of Sweden 222 15.0 95 15.0 350 15.1   97  4.5 31 3.1 795 10.5

Mean years of follow-up b 21.9 · 22.6 · 20.2 · 23.6 · 24.0 · 22.2 ·

Mean age at inclusion 30.5 · 27.5 · 25.5 · 33.2 · 35.1 · 30.1 ·

Total person-years 33 127 19.2 14 658 8.5 48 001 27.9 52 141 30.3 24 252 14.1 172 179 100
a Inclusion date=date of employment (SAS personnel) or first medical examination (military personnel), 1987, or immigration whichever comes last.
b Inclusion date=date of employment (SAS personnel) or first medical examination (military personnel), 1961, or immigration whichever comes last  
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An excess mortality was found for aircraft accidents 
in all groups, except male cabin crew with no recorded 
deaths due to this cause (figure 1D). Mortality due to 
aircraft accidents was most common among military 
pilots (SMR 165.68, 95% CI 122.28–209.07). Com-
mercial pilots had a SMR of 23.87 (95% CI 8.76–51.94). 
Navigators and mechanics as well as female cabin crew 
had a mortality ratio in aircraft accidents in between 
the pilot groups. All aircraft accidents for cabin crew 
as well as navigators and mechanics were classified as 
occupational in the national causes of death register. 
The corresponding figures were 83% and 75% for com-
mercial and military pilots, respectively.

Mortality from external causes, apart from aircraft 
accidents, was significantly reduced in all groups except 
navigators and mechanics (figure 1E). Among pilots and 
cabin crew, it was approximately halved.  

Alcohol-related mortality was reduced in all groups 
except male cabin crew who had a more than doubled 
mortality compared with the expected rate (SMR 2.66, 
95% CI 1.15–5.23). Male cabin attendants had also 
an increased AIDS mortality (SMR 47.31, 95% CI 
19.02–97.47). 

The reduced total as well as cardiovascular mortality 
was present over the whole study period with only small 
fluctuations (not shown). The reduction was found in all 
age groups except ≥80 years of age for all cardiovascular 
mortality (table 2). The high mortality due to aircraft 
accidents mainly existed in lower age groups. Divid-
ing cabin crew by age group resulted in small numbers 
indicating the same pattern (not shown). 

In all occupational groups, the AMI incidence was 
lower than expected (table 3). Commercial flying per-
sonnel had significantly lower SIR than military person-
nel. Analyses of AMI incidence by time period showed 
that the incidence reduction was most pronounced in 
the later years. The risk reduction in AMI incidence was 
present in all age groups even after retirement.

By calculating a SRR, we made a comparison of the 
AMI incidence between commercial and military pilots. 
The SRR was 1.99 (95% CI 1.11–3.55) for military 
versus commercial pilots. 

Discussion

Our study confirms the low all-cause and cardiovascular 
mortality among pilots and female cabin crew and no 
reduced total mortality among male cabin attendants 
(2, 8). Furthermore, it shows that the low cardiovascu-
lar mortality is at least in part explained by a reduced 
incidence of AMI. Among pilots, a low cardiovascular 
risk is most likely related to the recruitment of healthy 
persons into the profession. 

Figure 1. Standardized mortality ratio (SMR) among flying personnel: 
Figure 1 A – all-cause mortality; figure 1 B – all cancer (ICD-9: 140–208); 
figure 1 C – all cardiovascular disease (ICD-9: 390–416, 420–441, 
444, and 453); figure 1 D – aircraft accidents (ICD-9: E840–E844);  
figure 1 E – external causes except aircraft accidents (ICD-9: E800–E999 
not E840-E844).
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Table 2. All–cause and cardiovascular mortality, and deaths in aircraft accidents 1961–1999 in different age groups among male com-
mercial pilots employeed in the Swedish part of Scandinavian Airlines (SAS) and male military pilots, navigators, and flying mechanics in 
the Swedish Armed Forces compared with men in Sweden. Standardized mortality ratio (SMR) with 95% confidence intervals (95% CI) 
with consideration to age and time period are given. [Obs=observed number of cases; Exp=expected number of cases.]

Age groups Commercial pilots  
(Swedish part of SAS)

Military pilots Military navigators  
and mechanics

Obs Exp SMR 95% CI Obs Exp SMR 95% CI Obs Exp SMR 95% CI

All causes
15–29  1  2.85 0.35 0.01–1.96 22   3.99 5.52 3.21–7.82  3   1.54 1.95 0.40–5.70
30–39  6 14.60 0.41 0.15–0.89 33 15.75 2.09 1.38–2.81  9   6.65 1.35 0.62–2.57
40–49 11 28.10 0.39 0.20–0.70 33 44.18 0.75 0.49–1.00 12 20.99 0.57 0.30–1.00
50–59    30 46.12 0.65 0.42–0.88 54 89.11 0.61 0.44–0.77 30 44.11 0.68 0.44–0.92
60–69 34 55.95 0.61 0.40–0.81 86  133.17 0.65 0.51–0.78 51 70.20 0.73 0.53–0.93
70–79 33 47.55 0.69 0.46–0.93  100  159.43 0.63 0.50–0.75 69 67.96 1.02 0.78–1.25
≥80  6  6.69 0.90 0.33–1.95 51 66.00 0.77 0.56–0.98 11 21.34 0.52 0.26–0.92

All cardiovascular  
mortality
30–39  0  1.74 · ·   2   1.85 1.08 0.13–3.90  1   0.79 1.27 0.03–7.08
40–49  2  7.55 0.26 0.03–0.96   4     12.05 0.33 0.09–0.85  6   5.73 1.05 0.38–2.28
50–59  9 18.83 0.48 0.22–0.91 15  36.91 0.41 0.23–0.67 14 18.38 0.76 0.42–1.28

60–69 12 27.47 0.44 0.23–0.76 39  67.41 0.58 0.40–0.76 23 35.29 0.65 0.39–0.92
70–79 11 24.39 0.45 0.23–0.81 42  84.17 0.50 0.35–0.65 35 35.40 0.99 0.66–1.32
≥80     5  3.57 1.40 0.45–3.27 27  36.02 0.75 0.47–1.03  6 11.52 0.52 0.19–1.13

Aircraft accidents
15–29  1  0.04 25.88 0.65–144.20 20   0.05  430.29 262.84–664.54  2   0.02 108.39 13.12–391.56
30–39  3  0.09 32.29 6.66–94.38 24   0.09  266.38 159.81–372.95  3   0.04 77.90 16.07–227.64
40–49     0  0.07 · · 10   0.10  95.36 45.73–175.37  1   0.05 20.58 0.51–114.68
50–59     2  0.04 45.75 5.54–165.28   2   0.08  26.15 3.16–94.45  1   0.04 27.94 0.70–155.70

Table 3. Acute myocardial infarction (AMI) incidence (1987–1999) in different age groups and periods among male commercial pilots and 
cabin crew employed in the Swedish part of Scandinavian Airlines (SAS) as well as male military pilots, navigators, and flying mechan-
ics in the Swedish Armed Forces compared with men and women in Sweden. Standardized incidence ratio (SIR) with 95% confidence 
intervals (95% CI) with consideration to age and time period are given. [Obs=observed number of cases; Exp=expected number of cases.]

Commercial pilots  
(Swedish part of SAS)

Military pilots Military navigators  
and mechanics

Obs Exp SIR 95% CI Obs Exp SIR 95% CI Obs Exp SIR 95% CI

Total AMI 30 88.94 0.34 0.22–0.46 101 201.15 0.50 0.40–0.60     59 97.26 0.61 0.45–0.76
Period
1987–1993 17 43.23 0.39 0.23–0.63   51 102.33 0.50 0.36–0.64 32 48.75 0.66 0.43–0.88

1994–1999 13 45.71 0.28 0.15–0.49   50   98.83 0.51 0.37–0.65 27 48.51 0.56 0.35–0.77

Age groups

40–49   1   6.22 0.16 0.004–0.89     3     9.17 0.33 0.07–0.96      3   4.94 0.61 0.13–1.78

50–59   4 19.56 0.20 0.06–0.52   15   30.68 0.49 0.27–0.81     4 13.18 0.30 0.08–0.78
60–69 10 31.05 0.32 0.15–0.59   32   55.00 0.58 0.38–0.78   26 34.57 0.75 0.46–1.04

70–79 13 28.23 0.46 0.25–0.79   37   79.43 0.47 0.32–0.62   22 35.47 0.62 0.36–0.88

≥80   2   2.88 0.69 0.08–2.51   14   25.99 0.54 0.29–0.90    4   8.68 0.46 0.13–1.18

Male cabin crew  
(Swedish part of SAS) 

Female cabin crew  
(Swedish part of SAS)

Total AMI 12 30.51 0.39 0.20–0.69 2 15.79 0.13 0.02–0.46

Period
1987–1993  7 14.22 0.50 0.20–1.02 1 5.92 0.17 0.004–0.94

1994–1999  5 16.30 0.25 0.07–0.64 1 9.88 0.10 0.003–0.56

Age groups
50–59  5   8.16 0.61 0.20–1.43 1 4.44 0.22 0.01–1.25
60–69  5 12.12 0.41 0.13–0.96 1 5.03 0.20 0.005–1.11

70–79  1   6.04 0.17 0.004–0.92 0 2.33 · ·
≥80  1   1.08 0.93 0.02–5.16 0 0.09 · ·
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In addition, pilots go through regular medical exami-
nations covering risk factors for cardiovascular diseases 
among other things. The yearly demand for physical 
fitness at work and long working time spent doing 
physical exercise among military flying personnel prob-
ably also contributes to a low AMI incidence even after 
retirement. Exposure to occupational risk factors (eg, 
job strain, shift work, and exhaust fumes) among flying 
personnel would tend to increase the risk of AMI, but 
in spite of this the risk is low. The internal comparison 
within the cohort showed a higher AMI incidence among 
military compared to commercial pilots aged <70 years. 
In the absence of information on individual and occu-
pational cardiovascular risk factors, it is not possible to 
determine the causes of this difference. 

There is probably a low prevalence of smoking in 
this cohort since they had a low lung cancer incidence 
(24, 25); a low smoking prevalence was found in other 
flying cohorts (32, 33). This tends to reduce the AMI 
incidence. The trend in AMI incidence has been decreas-
ing in Sweden during the study period (34), which – 
combined with lower relative risks over time for flying 
personnel – would mean a greater reduction of the AMI 
incidence among flying personnel than among the gen-
eral population. 

It is an important new finding that cabin crew have 
a low AMI incidence. Cabin crew have to fulfill some 
demands regarding height and weight as well as being 
in good physical and mental shape. This means that the 
obese and overweight will be underrepresented in this 
group and that possibly a healthier lifestyle in general is 
promoted. This may have had a favorable influence on 
mortality and AMI incidence (35). The male cabin crew 
did not have an improved all-cause mortality in part due 
to an increased mortality in AIDS and alcohol-related 
causes of deaths probably related to lifestyle.

The regular medical health examinations mandatory 
for flying personnel may result in a higher awareness of 
signs and symptoms of cardiovascular disease, but can 
also give a sense of increased control of one’s health 
(36). These examinations also give the possibility to 
discover health problems early and potentially reduce 
cardiovascular mortality because of earlier detection of 
risk factors and a greater propensity to seek medical care 
when cardiac symptoms occur.

The strong selection into the cohort as well as the 
fact that healthy people are more likely to stay in the 
occupation results in a healthy worker effect (37, 38). 
One strength of this study is that we follow the flying 
personnel in national cause of death and hospital dis-
charge registers irrespective of whether they still are 
working in the occupation or not. We observed large 
reductions in mortality lasting even after retirement 
which may suggest that the reduced mortality is not only 
explained by the healthy worker effect. A similar finding 

was seen among American pilots (7). In the beginning 
of their careers, some of the commercial pilots were 
military pilots. We placed the pilots in the group where 
they had worked the longest part of their career. 

Socioeconomic factors may also have contributed to 
the low mortality among flying personnel. If we could 
compare with people from the same social class, the 
SMR and SIR would probably have been higher (ie, 
closer to unity). This was the case in an investigation of 
Swedish physicians (39).  

Military pilots, navigators, and mechanics recorded 
in the medical records 1957–1994 in the Swedish Armed 
Forces’ Aero Medical Centre were included in the study. 
During 1957–1967, the first medical examination was 
done at 40 years of age; since 1968, the medical exami-
nations start when the individual is 25 years. In the 
beginning of the inclusion period, military flying per-
sonnel who quit or died before they were 40 were not 
included in the cohort. This means that we probably 
omitted some aircraft accidents in the 1960s. 

Another strength of this study is that there was 
essentially no loss of deaths and diagnosed AMI during 
the follow-up among subjects residing in Sweden due 
to the excellent coverage of the Swedish national cause 
of death, population, and hospital discharge registers 
(28–31). There was a fairly extensive migration out 
of Sweden in the commercial airline cohorts (15%). 
Unless the migrants represented a less healthy part of the 
cohort, migration out of Sweden is not a likely expla-
nation for the low observed mortality in these cohorts. 

In conclusion, findings from this cohort of Swedish 
flying personnel confirm the low overall and cardiovas-
cular mortality in these occupational groups. Further-
more, it shows that flying personnel have a low AMI 
incidence that stays low even after retirement. Although 
workforce selection most likely is of importance for 
these findings, our findings suggest that cardiovascular 
morbidity and mortality can be substantially reduced 
under specific circumstances and in specific settings.
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