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Abstract
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Occupational and non-occupational risk factors. 79 pp. : Uppsala University.

There is concern about the indoor environment in aircraft but few stud-ies exist on self-rated
health (SRH) and respiratory symptoms among pilots. Occupational and non-occupational risk
factors for SRH, respira-tory symptoms and other symptoms among commercial pilots were
investigated in this thesis. One cohort study and one prevalence study were performed among
pilots in one Scandinavian airline company. Fungal DNA, furry pet allergens and volatile
organic compounds of microbial origin (MVOC) were measured on board. Cat (fel d1), dog (Can
f1) and horse (Ecu cx) allergens were found in all dust samples and allergen levels were 27-75
times higher in aircraft with textile seats as compared to leather surfaces. The sum of MVOCs
in the cabin air was 3.7 times higher than in homes in Uppsala and 2-methyl-1-butanol and 3-
methyl-1-butanol concentrations were 15-17 times higher. Asper-gillus/Penicillium DNA and
Aspergillus versicolor DNA were more common in aircraft with textile seats. One fifth reported
SRH as poor or fair, 62% had fatigue, 46% overweight/obesity and 71% insomnia. Poor or fair
SRH was associated with overweight/obesity, lack of exercise, insomnia, low sense of coherence
(SOC) and high work demand. Re-covery from work was worse among those with insomnia
and low social support at work. Fatigue was more common among young or female pilots and
related to insomnia and high work demand. Pilots flying MDS80 or Saab 2000 aircraft had less
fatigue. Pilots exposed to environmental tobacco (ETS) on board had more eye symptoms and
fatigue which were reduced after the ban of smoking (in 1997). Pilots with increased work
demand developed more rhinitis, dermal symptoms and fartigue and those with decreased work
control developed more eye symptoms. The incidence of doctors’ diagnosed asthma and atopy
were 2.4 and 16.6 per 1000 person years, respectively. Pilots changing type of flight got more
airway infections. Those reporting decreased work control had a higher incidence of atopy. Risk
factors in the home environment included ETS, dampness or mould, window pane condensation
in winter and living in houses built after 1975. In conclusion, SRH and respiratory health among
pilots are associated with specific occupational and non-occupational risk factors.
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INTRODUCTION

Aviation history

Before modern aviation started, human had made thousands of attempts to fly.
The earliest noted attempt was man-carrying kite flying in China in 5™ century
BC, and tower jumping in Europe in 9" century AD. Modern aviation started
from devices lighter than air in 18 century, for instance, manned hot air bal-
loons and hydrogen balloons, and airships. Leonardo da Vinci designed a hu-
man-powered wing-flapping flying device in 15" century, but his manuscript
remained unknown until 19" century. The first aviation paper was published
by the Swedish scientist Emanuel Swedenborg in 1716, about the design of
Swedenborg’s flying machine. George Cayley (1773-1857), an English engi-
neer, was called “father of aeroplane”. He contributed theories to the physics
of aircraft and the principle of modern heavier-than-air flight, and constructed
the first modern glide. In the age of steam, steam engines with best power-to-
weight ratio were developed, and the wings were also developed from bat-like
wings to long, thin wings. The Wright brothers built gliders and had their own
wind tunnel and did hundreds of experiments to test 200 wing designs. They
made the first sustained flight with powered heavier-than-air aircraft in 1903.
Based on efforts of many pioneers, flight turned to an established technology
in 1910s. In 1927, the Swedish American aviator Charles Lindbergh made his
non-stop solo flight from New York to Paris, 33.5h.

Early commercial flights started during World War I (1914-1918). Some
military aircraft were converted as airliners for commercial use. The airliner
industry matured in 1930s, and several consolidated national airlines with in-
ternational services were established, including Imperial Airways in UK,
Lufthansa in Germany, KLM in Netherlands and United Airlines in US. Mod-
ern-looking airliners appeared, including Boeing 247 and Douglas DC-2. In
1935, the first profitable commercial aircraft Douglas DC-3 appeared, which
made worldwide commercial flights possible. In 1940s, pressurized cabin
were developed in airliners, in order to decrease the effect of low oxygen level
and low pressure at cruise altitude.

Nowadays, airline transportation has become an important part of the
global movement, and people’s life. In 2015, airlines transported 3.5 billion
people all over the world. The global airlines network includes over 51000
routes, and there were 10000 flights per day on average [116].
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Stages during a flight

There are several stages during a flight: taxi, take off, climb, cruise, decent,
landing. The flight sequence influences the cockpit and cabin environment.
The airplane is supplied with electricity and conditioned air at the terminal.
Before pushing back and taxi to the runway, the supply is disconnected. Dur-
ing take-off, full power is applied to increase the speed to the pre-determined
take-off speed. After take-off, the shape or the surface area of the wings are
changed to increase the lift, and the airplane will climb until the cruise altitude
(usually 10000-12000m). During take-off and climbing, the outdoor air flow
of the cabin is decreased or shut off, and the air recirculation is up to 100%,
in order not to reduce the power of engine. During cruise at 10000-12000m,
the indoor air in cockpit and cabin is pressurized, and the air pressure in air-
craft is provided as air pressure at 1800 - 3000m altitude, which is lower than
regular indoor environment. Nowadays, the air pressure in the airplane during
cruise is provided as the same level as the air pressure at 1800-2400 m alti-
tude[138]. For long haul flight 7-12h, 80-90% of the flight time is under cruise
condition. For the domestic short haul flights less than 1.5h, half or even more
of the time could be under non-cruise situation.

Working conditions for pilots

Different organizations have different definition of long-haul flight and short-
haul flight. Eurocontrol defines that routes less than 1500km belong to short-
haul, 1500-4000km belong to medium-haul, and over 4000km belong to long-
haul [32]. American Airlines define that routes less than 4800km belong to
short/medium-haul, and the routes more than that belong to long-haul.

Generally, wide-body aircraft are operated for long-haul flights, including
Airbus A330/A340, A350, A380 and Boeing B747, B767, and narrow-body
aircraft are operated for short/medium-haul flight, including Airbus A320,
A321, Boeing B737 and other smaller aircraft.

Commercial pilots usually have contract with their airline company that
they have to operate the same type of aircraft for several years. Therefore, they
usually work on the same type of flight (long- or short-haul) for a period. Pi-
lots working on short- and long-haul flights have different patterns. Pilots op-
erating short-haul flights usually have early mornings and long duty days, and
pilots operating long-haul flights usually have to work 7-12 h continuously
and across several hours’ time difference. Their retire age is 60 years old.
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Ventilation in aircraft

The ventilation system supplies filtered air continuously to the cockpit and
cabin. The outdoor air passes the engine, heated to 400 °C and is sterile, then
enters the compressor, cooled and packed. The packed fresh air, sometimes
called engine bleed air, enters the cockpit directly, while it is mixed with 50%
recirculated air before entering the cabin. The air recirculation system for the
cabin contains filters for particles, including pre-filters for large particles and
high efficiency particulate air (HEPA) filters. HEPA filters can remove parti-
cles with a diameter down to 0.3 pm with 99.99% efficiency [31, 51]. Many,
but not all aircraft have HEPA filters. In most airplanes, there is an ozone
converter before the air is entering cockpit and cabin. There could be moisture
condensation in the airplane, which goes into the wall construction. The wall
is constructed with mineral insulation, but there is no dampness barrier in the
wall.

Exposures in the cockpit

The word “cockpit” is originally a sailing term, first appeared in English from
“a pit for fighting cocks”. Nowadays, “cockpit” is commonly used for the air-
plane, and is also called flight deck. The cockpit environment is separated
from the cabin, and it has 100% outdoor air from the ventilation, with an air
flow 60-80 L/s per person [60, 69]. The relative air humidity is usually below
10% during cruise [61], and the temperature is in the range 22-26°C except
when it is poor temperature control [61, 82].

The concentration of CO» is between 500-700 ppm during cruise (Lindgren
and Norback 2002), which is under the recommended limit of 1000ppm [9].
However, during the taxi, take off, and landing phases, the level of CO; could
reach a higher range up to 2500 ppm (Lindgren and Norback 2002). There is
not so much measurement about NO» levels in the cockpit. One study reports
that the mean NO; level is 7 pg/m’ [61]. Nowadays, in most of the airliners
there is an ozone converter, which catalyze ozone into oxygen. However, it is
optional on some type of airplanes. The old converters should be replaced by
new ones after a certain period, otherwise the ozone level would be elevated
[130]. One study reports that mean concentration of ozone in the cockpit is
26.3 pg/m’, but the highest level tested is 76.1 ug/m’ [61]

One study reports that the level of formaldehyde in the cockpit is under
detection limit (<5 pg/m?®) [61]. Since the cockpit use 100% outdoor air, the
packed outdoor air doesn’t need to go through a HEPA filter before entering
the cockpit. This may bring volatile organic compounds (VOCs) from outdoor
into the cockpit. Sources of VOCs in the cockpit include jet oil leaked by en-
gine [123, 124, 135].
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Moisture in the airplane air may go into the airplane wall and condense,
where there is a potential for bacteria and fungi growth. Smoking on board
has become the history nowadays, but smoking was allowed on board several
decades ago. At that time, the door between the cockpit and the cabin was
sometimes open. Therefore, there was environmental tobacco smoke (ETS)
exposure both in cockpit and cabin, even the pilots didn’t smoke. The smoking
ban for Scandinavian airline started from Sep 1st, 1997.

Radiation exposure is from the sun. The level is elevated during the de-
creasing phase of solar activity, and it is reported that elder pilots receive
higher annual radiation exposure dose [39].

Exposures in the cabin

There is a door between the cockpit and the cabin, which is usually locked
nowadays. But before the September 11 attack in 2001, the door was some-
times open, and the cockpit environment can be affected by the cabin air.

VOCs and chemicals

Various chemicals are found in the cabin environment. Brominated flame re-
tardants (BFR) are used in aircraft for high fire safety. Blood test reports BRF
detected in serum of pilots, cabin crew and aircraft maintenance workers [113].
Compounds in the turbine and engine oil, tricresyl phosphate is detected in
both wipe samples in the aircraft and samples from the HEPA filter [111].

Compounds originated from hydraulic oil, like dibutylphenyl phosphate
and tri-n-butyl phosphate, emitted from vehicles on the ground [111].

There is one paper evaluating cabin environment in Airbus airplanes re-
porting the levels of VOCs in the cabin. There are many VOCs detected, but
most of them are under the quantification limit. The geometric mean concen-
tration of the compounds quantified are as following: ethanol 593ppb, acetone
24 ppb, toluene 8ppb, formaldehyde 7 ppb, acetic acid 6 ppb, and nicotine 2
ppb [20]. A later German study reports concentrations of aldehydes in the cab-
ins of Airbus airplanes during cruise, formaldehyde 5.7 pg/m’, acetaldehyde
6.5 pg/m’, and mostly very low concentrations of other aldehydes [94].

Microorganisms and microbial compounds

Airborne bacteria exist in the cabin environment, due to passenger activity and
high occupant density. The concentration of viable bacteria increases after
during flight, possibly due to more frequent passenger and cabin crew activity
[86]. A study using cultivating method reports that bacteria measured in the
cabin environment include bacteria common on human skin surface or in dust
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and outdoor air [71]. Fungi levels are low, and the predominating genera in-
clude Cladosporium, Aspergillus, and Penicillium [70]. The cultivating
method is very practical, but it may lose majority of the species [86]. In recent
years, sequencing of 16S rRNA is used to identify microbial composition in a
certain environment. A recent study analysed bacterial communities in HEPA
filters from commercial aircraft cabin, by microarray sequencing of 16S rRNA
and bio-informatics analysis [56]. The subfamilies detected in airplane cabin
include bacteria from human skin, gastrointestinal tracts, respiratory tracts,
and bacteria from water and soil. The bacterial composition in aircraft cabin
differ from urban outdoor air [56]. Pathogens, as well as non-pathogens were
detected [56]. There is not so much information about fungi levels in aircraft
measured by molecular methods.

Endotoxin was detected both in air and dust in the cabin, and the mean
endotoxin levels in air and settled dust are both higher than the mean levels
reported in homes and office buildings [44]. Moreover, 3-hydroxy fatty acids,
a marker of endotoxin, can be detected in settled seat dust and carpet dust [44].

Viruses

HEPA filters have a high efficiency to remove particles and microorganisms
with a diameter larger than 0.3 um with 99.99% efficiency [45]. Fragment of
bacteria and fungi (0.1-1.0 pm), and viruses (0.01-0.02 pm) may not be re-
moved by the HEPA filter.

Allergens

Aircraft cabin is a high density public indoor environment, and pet keepers
may bring allergens on board. There are very few studies on pet allergen levels
on board commercial aircraft. A New Zeeland study reports that, in domestic
commercial aircraft cabin, cat allergen (Fel d1) level is higher on the seats
than on the floor [68]. In some airlines, passengers are allowed to bring small
furry pets with them, which increases the risk of allergen contamination on
board.

Environmental Tobacco Smoke (ETS)

Ban of smoking on board started in Sep 1, 1997 in the Scandinavian Airline.
Before that, smoking was allowed on longitudinal flights, and some European
flights. The level of respirable particles on board decreased drastically after
the ban of smoking, from 66 to 3 microgram/m® [61]
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Pilots selection

There are strict selection systems for commercial pilots. To be a pilot, the can-
didate has to be over 18 years old, to complete secondary education and
achieve national qualifications for English, mathematics, and science, to be
proficient in English, and to have a Class 1 Pilot Medical Certificate [34, 37,
120], and to pass and complete the professional training program for a pilot
on rules and skills regarding operating airplanes.

Disease pattern in pilots

Different health issues related to pilots have been studied. A Norwegian study
on medical causes of disqualification among pilots reported that pilots have
been grounded due to ear, nose, and throat conditions, neurological conditions,
and cardiovascular diseases [46]. Studies on mortality among commercial pi-
lots reported that mortality among pilots was lower due to all causes, all cancer,
and cardiovascular disease compared to general population, but it is elevated
due to melanoma and aircraft accidents [139].

Some common diseases among commercial pilots have been reported. Over
weight and obesity is a feature among commercial pilots, the combined prev-
alence can be higher than 60% [19]. Prevalence of low back pain is 71%
among Colombian airline pilots [33]. A big Nordic cohort study reports that
skin cancer incidence is elevated among commercial pilots compared to na-
tional incidence, including melanoma, squamous cell cancer, and basal cell
carcinoma, and the risk is associated with years of employment [89]. A study
on depression among pilots reports that longer duty hours are associated with
feeling depressed or anxious [85]. More than half of the Danish pilots suffer
from nose, and throat diseases caused by change of the air pressure, like ear,
nose, or throat barotrauma, barotitis media, and barosinusitis, and the preva-
lence of these diseases have increased during recent years [11].

Self-administered questionnaire studies report some common symptoms
among commercial pilots. Musculoskeletal symptoms were commonly re-
ported, and about half of the pilots reported neck, shoulders, and lower back
pains [95]. Digestive symptoms were common reported, and more than 60%
of the pilots reported bloating [62]. About 40% of the pilots reported tinnitus
experience during the last year [63]. Ocular, nasal, and dermal symptoms were
also reported by commercial pilots [59].
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Fatigue and sleep disturbance among pilots

Sleep disturbance and fatigue are common among commercial pilots, either
working on long-haul flights or short-haul flights. One recent study reports
that the prevalence of daytime sleepiness among air commercial pilots is
59.3%, and the prevalence of fatigue is high up to 90.6% [92], and about 70%
of the pilots reported insomnia in another study [97]. There are sleep research
among pilots done recently among pilots on short- and long-haul flight [103].
For fatigue and sleep problem, night work hours and time zone shifting are
main risk factors among pilots operating long-haul flights, and frequent early
mornings and long duty hours are main reasons among those operating short-
haul flights [91]. These problems are associated with obesity. One study re-
ports that the main risk factor for obesity among pilots is working night-shifts
for several years, and having difficulties relaxing after work [19]. Besides,
there are other risk factors for fatigue among pilots reported by a recent study,
including higher age, more need for recovery, poorer perceived health, less
physical activity, and moderate alcohol consumption [122]. One study on
sleeping problems among pilots reports that psychosocial work environment
is important for pilots. High demand at work and low social support are asso-
ciated with sleeping problems [97].

Self-Rated Health (SRH)

Self-rated health (SRH), also called self-reported health or perceived health,
is a widely used indicator of health [18], and has been proved to be a reliable
predictor of mortality [47]. SRH is assessed by one question asking: “In gen-
eral, how would you like to describe your health?”” The question usually has
four or five options, from “excellent”, to “poor” or “very bad” [47, 115]. SRH
is associated with a number of personal factors, life-style factors and occupa-
tion risk factor. Females have lower SRH [107] and ageing is associated with
poor SRH [77]. Income and education level can also influence SRH as re-
ported from studies involving different countries [3, 84]. Associations be-
tween obesity and poor SRH has been reported in large population studies [3,
78]. Low social support, high work demand, and bullying or violence at work
have been reported as risk factors for SRH [77]. Social support is reported
positively associated with SRH in older people [17, 57]. A few studies have
investigated association between sleep length and SRH and they found that
insufficient sleep is associated with poor SRH [38, 41, 76]. We found no pre-
vious study on SRH among commercial pilots.
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Sense of Coherence (SOC)

The conception of sense of coherence was raised by Antonovsky for the
salutogenic model. The SOC construct is a dispositional orientation, including
comprehensibility, manageability, and meaningfulness. It reflects the capabil-
ity of an individual to cope with stressful situation, and can have positive in-
fluence on health [5, 6]. The life orientation questionnaire, SOC scale, was
developed by Antonovsky, including 29 items, which has a shorter version of
13 items. SOC-29 and SOC-13 were both widely used [7, 29]. In recent years,
a 3-item SOC scale was developed [66, 106]. A high SOC was associated with
better SRH among Japanese factory workers [121]. A Canadian population
study reported that SOC may act as an intermediate factors which buffers the
stressors in life [93]. A review article concluded that a stronger SOC is asso-
ciated with higher perceived health, better mental health, less health com-
plaints, and fewer somatoform symptoms [36]. We found no previous study
on SOC as a risk factor for self-rated health or respiratory symptoms among
commercial pilots.

Psychosocial work environment

The work demands-control model is the most dominating and commonly used
model for examining occupational work stress. The model was developed by
Karasek in 1979. The theory hypothesized that high demands (strain) - low
control (isolated) was the most stressful situation. The model is also called
iso-strain model [52-54]. The model was improved by including social support
at the work place in the model. In the demands-control-support model, the
occupation situation with high demands, low control, and low social support
is most harmful [49, 50]. Demand-control-support structure at work is im-
portant to occupational health, and it was reported to be associated with eye
symptoms and fatigue [98]. We found two previous studies investigation work
stress by the demand-control-support model among commercial pilots. These
studies investigated the role of occupational stress among pilots for sleep [97]
and musculoskeletal symptoms [95]. We found no previous study on occupa-
tional stress measured by the demand-control-support model as a risk factor
for self-rated health or respiratory symptoms among commercial pilots.

Indoor environment in the dwelling

The home environment is the indoor environment where we spend most of our
time. There are a number of environmental risk factors in the home environ-
ment, including building dampness and indoor mould, bacteria, furry pet al-
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lergens, environmental tobacco smoke, and chemical emissions such as for-
maldehyde and volatile organic compounds [10, 73]. Dampness and microbial
growth, causing increased levels of mould, bacteria, microbial compounds and
chemical related to degradation of building materials due to dampness is a
well-recognised cause of asthma and respiratory symptoms [136]. The nation-
wide Swedish BETSI study have demonstrated that dampness and mould is
common in Swedish homes [128, 129]. Moreover, many homes does not fulfil
the Swedish ventilation standard of at least 0.5 air exchanges per hour [128].
Window pane condensation in wintertime is an indicator of a combination of
high air humidity and low air exchange rate, and is related to impaired indoor
home [25, 131]. In the nationwide BETSI study, window pane condensation
is a risk factor for rhinitis and asthmatic symptoms [129]. New building ma-
terials have an increased emission of various chemical compounds, and one
study from South Korea have demonstrated an increase of respiratory symp-
toms in new dwellings [58]. Moreover, recent redecoration and indoor paint-
ing has been demonstrated to be associated with an increase of respiratory
symptoms [73]. Moreover, it has been demonstrated that the ownership of the
building and the type of building can influence the prevalence of medical
symptoms [26, 27]. We found no previous study on how indoor exposures in
the home environment can influence asthma, rhinitis, respiratory symptoms
and other types of medical symptoms among commercial pilots.
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BACKGROUND TO THIS THESIS

There is an increasing concern about the indoor exposure in civil aviation,
both for passengers, cabin attendants and pilots. Measurements of indoor ex-
posure in aircraft have mainly focused on exposure in the aircraft cabin and
few measurements have been performed in the cockpit. There is a need to bet-
ter characterize the indoor environment in the cockpit. Since the ventilation
systems are separated between the cabin and the cockpit, measurements in the
cabin may not reflect the exposure among the pilots. Pilots are selected to be
healthy but can develop different types of disease over time. Epidemiological
studies among pilots have mainly focused on mortality, cancer risk and sleep
disorders. Few studies exist on self-rated health, asthma, allergies and respir-
atory symptoms among pilots. The increased competition between the airlines
have increased the work-related stress. There is a need for more studies on the
role of work stress and personality for self-rated health, stress-related diseases
and symptoms among pilots. Since health among pilots can be influence by
non-occupational risk factors such as lifestyle factors and the home environ-
ment, epidemiological studies are needed that include all these aspects of life.
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AIMS OF THE INVESTIGATION

1. To study associations between self-rated health (SRH), recovery from work,
fatigue and eye tiredness, and selected personal and life style factors (age,
gender, BMI tobacco use, marital status, number of children, exercise fre-
quency), work conditions (employment time, position, type of aircraft), psy-
chosocial work environment (demand, control, social support model), sense
of coherence (SOC), insomnia and sleep length.

2. To measure the concentrations of cat (Fel d1), dog (Can f1) and horse (Ecu
cx) allergens and five sequences of fungal DNA in vacuumed dust from the
cabin and the cockpit of aircraft with textile seats and leather seats.

3. To measure MVOC concentrations in the cabin in aircraft and to compare
these levels with MVOC levels measured by the same methodology in a ran-
dom sample of homes in Northern Europe.

4. To investigate the prevalence and 3-year incidence of self-reported asthma,
asthma symptoms, bronchitis, nonspecific hyper-reactivity and respiratory in-
fections among commercial airplane pilots

5. To investigate the prevalence and 3-year incidence of ocular, nasal and der-
mal symptoms, headache, tiredness and perceptions of dry air, stuffy air and
odour at work among commercial airplane pilots.

6. To study associations between these health variables and flight type
(long/short-haul flight), environmental tobacco smoke (ETS) on board, self-
reported psychosocial work conditions and selected home environment factors
(dampness/mould, window pane condensation, recent redecoration, age of the
building and type of building).

7. To study how changes of these risk factors (personal, psychosocial, occu-
pational and domestic factors) are associated with changes of environmental
perceptions and medical symptoms.

8. To study long-term health effects on pilots of eliminating ETS on board in
the 3-year cohort.
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MATERIAL AND METHODS

Study design and study population
Study I

This study was based on questionnaire investigations among commercial pi-
lots in a Scandinavian airline company. In 2008 February to March, a self-
administered questionnaire was sent to all Stockholm-based pilots (flight cap-
tains and flight officers) on duty in the airline company (N=585), and 61%
participated (N=354).

Study II

Dust samples were collected from 18 flights belonging to two airline compa-
nies, 9 flights from each company. In each flight, four dust samples represent-
ing flight deck (FD), forward part of the cabin (FWD), the middle part of the
cabin (MID) and the aft part of the cabin (AFT) were collected. One MID
sample was missing. Therefore, 35 dust samples from TSC and 36 dust sam-
ples from LSC were available for the studies. Airborne MVOC were sampled
in the cabin in TSC airplanes, during cruise, in 42 other aircraft (Boeing 767,
Airbus 320 and Airbus 340).

Study III and IV

These two studies were based on questionnaire investigations among commer-
cial pilots in a Scandinavian airline company. A self-administered question-
naire was mailed to all Stockholm-based pilots (flight captains and flight of-
ficers) on duty in the airline company in February to March 1997 (N=622),
577 pilots participated (93%). Three years later, in February to March 2000,
the same questionnaire was sent to all pilots who participated in 1997, 436
participated (76%). The cohort of 436 pilots participating twice was the study
cohort.
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Work conditions

All pilots had a rotating work schedule, changing aircraft from day to day, but
they operated the same type of aircraft for a longer period, one year or more,
as they were contracted with the company.

In study 1, there were questions on number of years being an active pilot,
position (flight captain or flight officer) and type of airplanes. Short haul
flights were defined as flights within Europe with duration of less than 7 hours.
Long haul flights were defined as intercontinental flights between Scandinavia
and America or Asia with flight duration of 7-12 hours. When the baseline
questionnaire study for Study III and IV was performed in 1997, smoking was
allowed on all intercontinental flights and on flights to destinations south of
the Alps (3-5 h), and to Greenland (5 h), but not on shorter European flights
(1-3 h) or Scandinavian domestic flights (0.6-1.5 h). After 1% September
1997, smoking was banned on all flights, but sporadic occupational ETS ex-
posure could occur in other workplace indoor environments (e.g. in meeting
rooms in countries where smoking was allowed). Questions on work environ-
ment factors included long/short haul flight in last three months. Working on
long-haul flights at baseline was an indicator of environmental tobacco smoke
(ETS) exposure on board. Study I was performed in 2008 February to March,
and there were major organisational changes introduced in the airline com-
pany during spring 2004. The hotel nights for crew on long distance flights
were cut down from 2-3 to 1-2, and the time off duty after a long flight was
cut down from 5 to 3 days. There was an approximately 20% increase of yearly
work hours (120-160 hrs).

Type of aircraft

In study I, the types of plane included Airbus 330/340, the MDS8O0 series, Boe-
ing737, and Saab 2000. Airbus 330/340 were operated for inter-continental
flights with a duration 7-12 h. Boeing 737 and MDS80 series were operated
for European flights and domestic Scandinavian flights with a duration less
than 6 h, and Saab 2000 was only operated for domestic flights. In study II,
flights from TSC included four Airbus 340 airplanes, three Boeing 737
airplanes and two McDonnell Douglas MD-80 airplanes, while all air-
planes from LSC were airbus models 320-340. In study III and IV, the
types of airplane included Fokker F-28, Mc Donnell Douglas DC-9-21/41/81,
and Mc Donnell Douglas MD-80/90 series. All intercontinental flights were
operated by Boeing 767 series.
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Assessment of the cockpit and cabin environment
Dust sampling

In study II, dust sampling was performed while the airplane was on the
ground, between flights, before the ordinary cleaning staff arrived to clean the
cabin. Settled dust was collected by a vacuum cleaner (Siemens Super XS din
e 188W) operated at 1200 W. It was provided with a special ALK dust collec-
tor equipped with a filter. Vacuum cleaning was performed for totally 4
minutes per sample, 2 minutes on upper surfaces (passenger seats) and 2
minutes on the floor as in previous indoor studies [55, 140]. For the sample
from the cockpit all seats and floor area were vacuumed. For each sample from
the cabin, 10 passenger seats and the floor area below the seats were vacu-
umed. All filters were sealed in plastic bags and stored at —20 °C until dust
samples were taken for allergen and fungal DNA analysis.

Allergens analysis

Samples of settled dust (100 mg) were extracted and analyzed for the content
of allergens. Enzyme-Linked Immunosorbent Assay (ELISA) was applied to
determine the allergen levels of cat (Fel d1), dog (Can f1) (Indoor Biotechnol-
ogies Ltd, Manchester, UK), and horse (Equ cx) allergens (Mabtech, Stock-
holm, Sweden) [55] as previously described [24, 140]. The cat and dog aller-
gen concentrations were presented as ng/g dust, while the horse allergen was
presented as Units/g dust (U/g), where 1 Unit is a standard equal to 1 ng pro-
tein extracted from horsehair and dander (Allergon, Valinge, Sweden and
NIBSC, Hertfordshire, UK). The detection limits for Fel d1, Can f1 and Equ
cx were 50 ng/g, 160 ng/g and 80 ng/g dust.

Analysis of fungal DNA by qPCR

The method has been previously described. Briefly fungal DNA was extracted
from 10 mg of sieved dust and five multiplex reactions [14] were performed
in five separate tubes targeting the DNA of the following species: total fungi,
Aspergillus/Penicillium (Asp/Pen), Aspergillus versicolor (A. versicolor),
Stachybotrys chartarum (S. chartarum) and Streptomyces. The reaction tar-
geting A. versicolor simultaneously amplified an internal positive control that
was used to detect PCR inhibition. The DNA level was expressed as cell
equivalents (CE), assuming one sequence per cell [14]. The final result was
presented as CE/g dust.
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Analysis of MVOC in the cabin air

In study II, airborne MVOC were sampled on charcoal tubes (Anasorb 747,
SKC Inc) (0.25 L/min; 4 hours) during cruise. The tubes were desorbed with
methylene chloride and analyzed by selective ion monitoring (SIM) gas chro-
matography mass spectrometry (GC-MS) [99, 140]. The following 15 com-
pounds were measured; 3-methylfuran, 2-butanol, 1-butanol, 2-pentanol, 3-
metyl-1-butanol, dimethyldisulfid (DMDS), 2-hexanone, 2-heptanone, 1-oc-
ten-3-ol, 3-octanone, 2-metyl-1-butanol, ethylisobutyrate, isobutylacetate,
ethyl-2-metylbutyrate, 2-pentylfuran. The total concentration of the selected
MVOC was calculated (13 compounds), by mass summation, excluding the
butanols. The detection limit was 1 ng/m’ for all MVOC. The levels of MVOC
were compared with previously collected data from a random sample of 92
homes in Reykjavik (Iceland), Uppsala (Sweden) and Tartu (Estonia) [99].

Analysis of microbial growth in mineral insulation

In study II, we have analyzed one mineral insulation sample taken from the
wall of one aircraft, when the interior of the wall removed for a scheduled
inspection. The sample was analyzed for total and viable mould and bacteria
by the CAMNEA method [87, 127]. This method analyzes total levels of
mould and bacteria by staining and fluorescence microscopy. In addition, vi-
able mould and bacteria were analyzed by cultivation on two media. We ap-
plied empirical reference values from the microbiological laboratory.

Assessment of perceived cockpit environment

In Study III and IV, there were three questions on perceived work environment
in the questionnaire: perception of stuffy air, perception of dry air and passive
smoking at work, all with a recall time of 3 months. Work environment for
pilots mainly referred to the flight deck environment, but they also spent some
time in the cabin and shorter times in meeting rooms in the airports. Each
question had three alternatives, never, sometimes, and often (every week). The
questions on air quality perceptions were obtained from a standardized indoor
questionnaire (MM 040 NA) developed by the Department of Occupational
and Environmental Medicine in Orebro University Hospital [4]

Assessment of psychosocial work environment

The demand-control-support model, also called the iso-strain model, was used
to assess the psychosocial work environment [50] as described in the previous
study [53, 97, 104]. In Study I, there were five questions on work demand, six

27



questions on work control, and sixteen questions on psychosocial support
from colleagues and supervisors. There were four options of each question,
from most favourable condition to most unfavourable condition. The answers
were assigned 0 to 3 scores accordingly, which means more unfavourable con-
ditions gains the higher scores. High demands was defined as having too much
to do in a short period of time. Low control was defined as not having enough
influence over the way the work should be performed. Low support was de-
fined as not having a sufficient support from co-workers and supervisors. The
validity of the questionnaire for the iso-stain part was previously tested [117].
The validity and internal homogeneity were high for the demands index. The
index for control was found to be well suited for population studies involving
a wide range of work tasks. The reliability of the demands and control indices
had Cronbach’s alpha 0.84 and 0.83 respectively [125] and social support in-
dex had Cronbach’s alpha 0.79 [126].

In Study III and IV, a short version, containing four questions, of demand-
control-support model was used. The question ‘‘interesting/stimulation at
work’> measure work satisfaction. The question ‘‘opportunity to influence
working conditions’’ measure the degree of influence on working conditions,
and the question ‘Do you get help from your colleagues when you have a
problem at work’” measure the degree of social support. Finally there was a
question on ‘‘too much work to do’’, which covered stress due to an excess of
work. The questions on psychosocial conditions had four possible answers:
“‘yes, often’’, ‘“‘yes sometimes’’, ‘‘no, seldom’’, and ‘‘no, never’’. These
questions were obtained from another questionnaire [4, 60], which was devel-
oped by the Clinic for Occupational and Environmental Medicine, Depart-
ment of Medical Sciences, Uppsala University [101].

Assessment of home environmental factors

In Study III and IV, information on the current home environment included
type of home (single-family house, apartment, other), ownership (own house,
own apartment, rented apartment) construction year of the building, year mov-
ing to the current home, furry pet keeping, and environmental tobacco smoke
(ETS). There were three levels for construction year, including “before 19607,
“1960-1975”, and “after 1975”. Moreover, there were yes/no questions about
the indoor painting and redecoration last 12 months, window pane condensa-
tion in winter, and four yes/no questions on water damage, visible indoor
mould, signs of floor dampness (bubbles on vinyl floor or blackened parquet)
and mould odour at home the last 12 months. The four questions on dampness
were combined (any dampness yes/no). The questions about the home envi-
ronment were obtained from an additional home environment questionnaire
developed for the European Community Respiratory Health Survey (ECRHS)
adapted for North European home environment conditions [79].
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Assessment of personal factors, and life style factors

The questions on personal information included age, gender, height, weight,
smoking history, and use of oral tobacco (snuff). In study I, age was catego-
rized in four groups: 31-40 y, 41-50 y, 51-60 y, and more than 60 y, and in
study III and IV, age was a continuous variable. The normal retiring age was
60 y. Body mass index (BMI) was calculated, defined as body mass divided
by the square of height. As defined by World Health Organization [137], BMI
was categorized as: underweight (<18.5), normal (18.5-24.99), overweight
(>= 25.00), and obese (>= 30.00). The variables for smoking habits and use
of snuff were both categorized into three classes: daily or sometimes, quit, and
never smoked or never used snuff. Moreover, there were questions on marital
status, number of children and age of the children living at home. Marital sta-
tus was categorized as married/couple, weekend couple, or single. People who
were married or lived together with their partner were defined as “mar-
ried/couple”. People who had a relationship but did not live with their partner
were defined as “weekend couple”. There was one question on exercise fre-
quency with five options coded as: “sometimes” (0), “1 time/week”(2) , “2-4
times per week” (3) and “more than 5 times per week” (4). Finally, there was
one question on the average amount of free time after work, without any re-
quirements. There were four options coded as: “half an hour/day” (0), “1-2
hours/day” (1), “3-4 hours/day” (2) and “5-6 hours/day” (3). (Study I)

The questions on personal factors in Study III and IV included age, gender,
smoking habits and atopy. A current smoker was defined as a subject who
reported current smoking (>1 cigarette/ day) in the questionnaire, or who had
stopped smoking <6 months ago.

Assessment of sleep length and insomnia

There were one question on average number of sleeping hours per night with
three options: “4-5 hours”, “6-8 hours” and “more than 8 hours”. Questions
on sleep disturbance were adapted from a previous sleep questionnaire [1].
There were three questions asking about difficulty to sleep, repeated awaken-
ings with difficulty falling back to sleep, and too early final awakening, with
a 3 months recall period. There were four options for each question: “most of

the time”, “sometimes”, “seldom” or “never”. Insomnia was defined as report-
ing at least one of the three symptoms most of the time or sometimes [62].
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Assessment of sense of coherence (SOC)

A short version of SOC was adapted from Lundberg and Nystrom[66]. There
were one question for each of three dimensions- a) manageability, b) mean-
ingfulness, and c¢) comprehensibility. The questions were as follows:
a) Do you usually see a solution to problems and difficulties that other
people find hopeless?
b) Do you usually feel that your daily life is a source of personal satis-
faction?
¢) Do you usually feel that the things that happen to you in your daily
life are hard to understand?
There were five options for each question: “very often”, “quite often”, “some-
times”, “seldom” and “never”. Manageability and meaningfulness were cate-
gorized and assigned scores as four categories: very often (3), quite often (2),
sometimes (1), and seldom or never (0) due to small numbers for the never
options. The variable of comprehensibility was categorized and assigned
scores as: very or quite often (0), sometimes (1), seldom (2), and never (3),
due to small numbers for the “very often” option. The SOC variable was de-
fined as a total SOC score which was the sum of the three variables, ranging
from 0-9. (Study I)

Assessment of self-rated health and recovery from work

There was one question assessing SRH: “In general, how would you like to
describe your health?” [18, 47]. There were four options: “excellent”, “very
good”, “fair”, and “poor”. The variable was coded as: excellent (2), very good
(1) and fair or poor (0) since there were few pilots reporting poor health.
There was one question on recovery from work: “Do you feel rested and
recovered when you start working again after a couple of days off?” [43].
There were five options: “very often”, “quite often”, “sometimes”, “seldom”,
and “never”. The variable “recovery from work” was coded as: very often (3),
quite often (2), sometimes (1), and seldom or never (0) since few pilots re-

ported “never”.

Assessment of respiratory health and allergy

In Study III, there were five “yes/no” questions about asthma symptoms with
a recall time of 12 months, including wheezing in chest at any time, attack of
breathlessness at rest, attacks of breathlessness after exercise, woken up by
attacks of breathlessness, and asthma attacks last 12 month. Subjects reporting
at least one of these symptoms were defined as having current asthma symp-
toms. In addition, there were two more “yes/no” questions on ever had doctor

30



diagnosed asthma, and any current medication for asthma (spray, inhalation
powder or tablets). Moreover, there were three “yes/no” questions about other
respiratory symptoms, including bronchitis (coughing up phlegm often), non-
specific hyper-reactivity in eyes or airways (easily irritated in eyes or respira-
tory tract by cigarettes smoke, exhaust or solvents), and airway infections
(common cold and other respiratory infections). Besides, there were two
“yes/no” questions on hay fever/pollen allergy and allergy to furry pets re-
spectively. Atopy was defined as allergy to pollen or furry pets. The questions
on asthma and respiratory symptoms were obtained from ECRHS study [79],
and two Swedish population studies [80, 96].

Assessment of other symptoms

Mucosal, dermal and general symptoms

Questions about symptoms last week included eye symptoms (7 questions),
nose symptoms (4 questions), skin symptoms (5 questions), headache (1 ques-
tion) and tiredness (1 question) [132, 134]. There were two options to answer
in this section (yes/no). At least one “yes” in each group of questions (eye,
nose and dermal symptoms) was required to be counted for the relevant symp-
tom last week.

The questions about symptoms the last 3 months included eye symptoms
(1 question), nose symptoms (1 question), skin symptoms (3 questions), head-
ache (1 question) and tiredness (1 question). There were three alternatives to
each question, no never, yes sometimes and yes often (every week).The ques-
tions for skin symptoms were combined as any skin symptom if there was one
“yes” for any of the three questions. Eye symptoms were defined as reporting
either history of itching, burning or irritation of the eyes. Nose symptoms were
defined as irritated, stuffy or runny nose [133]. Skin symptoms were defined
as reporting either history of dry flushed facial skin, scaling/itching scalp or
ears and hands dry, itching, red skin [4, 59]. Dichotomous variables called any
eye symptom, any nose symptom, and any skin symptom were created by
counting whether there was at least one “yes” answer for these symptoms in
the last week. Symptom scores were used to count all the “yes” answers to
each symptoms in the last 3 months.

Fatigue and eye tiredness

The question on fatigue asked about tiredness or sleepiness during work or lei-
sure time. The question on eye tiredness asked about irritation or tiredness in

EE AT

eyes. There were four options for both questions: “most of the time”, “some-

times”, “seldom”, and “never”. Both variables were categorized as dichotomous
variables: most of the time or sometimes (1) and seldom or never (0) [1, 97].
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Statistical methods

Study I

In study 1, associations between different factors and SRH and recovery were
calculated by ordinal regression, and associations between different factors
and fatigue and eye tiredness were calculated by multiple logistic regression.

For SOC, work demand, work control, and social support at work, mean,
median and the interquartile range (IQR) were calculated. Initially, ordinal
regression models was constructed for SRH and recovery from work, includ-
ing age, gender, BMI category, smoking habit, and use of snuff (considered
as confounders). As a next step, ordinal regressions were run for SRH and
recovery from work, including each of the other independent variables, ad-
justing for age, gender, BMI category, smoking and use of snuff. Finally, we
constructed final ordinal regression models with mutual adjustment including
independent variables with a p-value < 0.2 in the single factor analysis, ad-
justing for age, gender, BMI category, smoking, and use of snuff. For all or-
dinal regression models, test of parallel lines were done, to verify that ordinal
regression could be used. Pearson’s correlation coefficient was checked be-
tween all independent variables, and the correlation between age and year of
employment was above 0.7. Therefore, year of employment was excluded
from the mutual models. Fatigue and eye tiredness was analysed in the same
types of models, except that we used multiple logistic regression instead. For
all models, odds ratios (OR) with a 95% confidence interval (CI) was calcu-
lated. A p-value <0.05 was considered statistically significant. Calculations
were done by SPSS 21.

Study II

In Study 11, concentrations of allergens, fungal DNA and MVOC were calcu-
lated and presented as geometric mean (GM) and geometric standard devia-
tion (GSD). For samples where the results were below the detection limit, half
the detection limit was used when calculating GM values. The differences in
allergen and fungal DNA concentrations between TSC and LSC groups and
between different locations within the aircraft were tested by Mann-Whitney
U test (2 groups) and Kruskal-Wallis test (more than 2 groups). MVOC levels
were analysed by Mann-Whitney U test, comparing with data from the homes.
For all tests, the significant level was p<0.05. Median allergen concentrations
were also calculated for later comparison with other studies.
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Study III and IV

In Study III and IV, for all yes/no questions, no was coded “0” and yes was
coded “1”. For the psychosocial questions, “no, never” was coded “3”, “no
seldom” was coded “2”, “yes sometimes” was coded “1”” and yes, “often” was
coded “0”. For the question about ‘‘too much work to do’’, the values were
assigned the reverse way. The values were then divided by 3, in order to obtain
four psychosocial variables each ranging from 0-1, where 0 is the most fa-
vourable condition and 1 is the most unfavourable condition. In Study III, the
questions on asthma symptoms consisted of five questions, including wheeze,
attacks of breathlessness at rest, attacks of breathlessness after exercise,
woken up by attacks of breathlessness, asthma attacks last 12 months. A di-
chotomous variable of “asthma symptoms” was created, coded as yes if there
was a “yes” answer to at least one of these questions and coded as “no” if there
were no asthma symptoms. Differences in baseline prevalence of symptoms
and exposures between participants and nonparticipants were calculated by
Chi-2 test. Differences in age or years of employment, between participants
and nonparticipants, were calculated by Student’s t-test. The prevalence and
incidence of asthma symptoms, bronchitis, non-specific hyper-reactivity and
respiratory infections (Study III), the prevalence of any eye, nose, skin symp-
tom in the last week, headache, tiredness and cockpit air perceptions (Study
IV), and prevalence of work and home environment factors were calculated
for both baseline and follow-up. The difference in prevalence of symptoms
and exposures at baseline and follow-up were compared by McNemars’s test
and Wilcoxon Matched Pairs Signed Rank Test.

In Study 111, since all dependent variables were dichotomous variables, we
used multiple logistic regression analysis. Initially, cross-sectional analysis
was performed by forward stepwise logistic regression (Wald), including in-
dependent variables with p<0.1. One stepwise regression model was created
for the prevalence of each of the four dependent variables (asthma symptoms,
bronchitis, nonspecific hyperreactivity and airway infections). Baseline work
and home environment factors and gender, age, atopy and smoking habit were
included initially. In the final mutually adjusted models, confounders (age,
gender, smoking and atopy) were always kept in the models irrespectively of
their statistical significance, as well as exposure variables with a p-value <0.1.
As a next step, associations between incidence of the four health variables
were analysed by forward stepwise logistic regression (Wald), including in-
dependent variable with p<0.1. Baseline work and home environment factors,
changes of work and home environment factors and gender, age, atopy and
smoking habit were included initially. In the final mutually adjusted models,
confounders (age, gender, smoking and atopy) were always kept in the models
irrespectively of statistical significance, as well as exposure variables with a
p-value <0.1. Finally, stepwise forward logistic regression analysis (Wald)
were performed for prevalence and incidence of self-reported atopy, using the
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same models and procedures as for the four respiratory health variables. The
only difference was that atopy was not included as a confounder.

In Study IV, a cross-sectional analysis of baseline data was performed by
stepwise multiple logistic regression (Wald, backward elimination, p>0.1 as
exclusion criteria) to analyse associations between personal and environmen-
tal risk factors at home and at work and symptoms the last week, initially.
Symptoms the last week was chosen to be used in the cross-sectional analysis
at base-line since there were detailed information on type of flight that the
pilots had been on the last week. The workplace ETS variable was used a cat-
egorical variable, coded as no flight with ETS, any European flight with ETS
and any long haul flight (all with ETS) the last week. The category of no ETS
flight the last week was used as reference category. As a next step, multiple
ordinal regression was used to study changes of symptoms and environmental
perceptions from 1997 to 2000 in relation to baseline exposure in 1997. In this
analysis, changes of symptoms and environmental perceptions reported for the
last 3 months were dependent variables. This model included personal factors,
work factors and home factors at the baseline level in 1997. Finally, a second
set of multiple ordinal model regression models studied changes of symptoms
and environmental perceptions the last 3 months in relation to changes of per-
sonal factors and environmental factors at home or at work. Two different
models were used, one with and one without the home environment factors.
Information on type of the flight during the last 3 months was used. The flight
duration variable in the longitudinal analysis was coded as a categorical vari-
able, by combining information on flight duration type in 1997 and 2000.
Working on a short haul flight both at baseline and at follow up was used as
reference category.

All statistical calculations were done by SPSS version 21, and a p-value
<0.05 was considered statistically significant. Odds ratio (OR) with a 95%
confidence interval (CI) was calculated for the stepwise logistic regression
models, the ordinal regression models and the multinominal regression mod-
els. In all regression models, associations for age was expressed as changes
per 10 years.

Ethics Statement

The protocol of the Studies were approved by the Ethical Committee of the
Medical Faculty at Uppsala University or the Regional Ethical Review Board
in Uppsala, Sweden. All participants gave their informed consent. An infor-
mation letter sent together with the questionnaire stated that if the subjects
answered and returned the questionnaire, it meant they had given their in-
formed consent.
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RESULTS

Paper I

A total of 354 of 585 pilots participated (61%). The majority (88.9%) of the
participants were between 41-60 years old, and 91.0% of the participants were
males. Few (5.1%) were current smokers, but 22.8% had quit smoking. About
one fifth (18.2%) were current snuff users, and 14.8% have used snuff but
quit. A lot of the pilots were overweight (41.5%), and 4.1% of the pilots were
obese (Table 1).

Table 1. Prevalence of personal factors among commercial pilots (N=354).

Personal factors?® Prevalence (%)
Age

31-40 8.8
41-50 60.2
51-60 28.7
61- 2.3
Gender

Man 91.0
Woman 9.0
Smoking

Non-smoker 72.1
Ex-smoker 22.8
Current smoker 5.1
Oral tobacco (snuff) use

Never used 67.0
Have used but quit 14.8
Current snuff user 18.2
BMI "

Underweight 0
Normal 54.4
Overweight 41.5
Obese 4.1

a. The scales of the health variables were listed above. Some of the groups were merged because
of small numbers in the group. The categories of these health variables in the statistic models
are as following: SRH- poor or fair, good, excellent; Recovery- never or seldom, sometimes,
quite often, very often; Fatigue- never or seldom, sometimes or often; Eye tiredness- never or
seldom, sometimes or often.

b. Body mass index (BMI) was defined as the body mass divided by the square of body length.
BMI variable was categorized as: underweight (<18.5), normal (18.5-24.99), overweight (>=
25.00), and obese (>= 30.00). Overweight and obese were merged into one group for the statis-
tical model.
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Prevalence of dependent variables is shown in Figure 1. A total of 78.2% of
the pilots reported good or excellent SRH, and 64.4% of the pilots reported
quite or very often feeling recovered after several days off work. Fatigue
(61.9%) and eye tiredness (33.1%) were commonly reported.

Around half (55.3%) of pilots had been employed by this airline company
over 20 years, and 68.9% were full-time employee. Doing exercise was very
popular, and 71.8% had exercise at least twice a week (Table 2).

75~

Poar/Never or seldom Never
§ FairlSometimes g Seldom
= = 50 -
2 . Good/Quite often 2 . Sometimes
. ExcellentVery often . Often
25-
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Table 2. Prevalence of working conditions and life style among commercial pilots
(N=354).

Factors Prevalence (%)
Years of employment *

5-20 447
21-30 36.8
31-50 18.5
Employment

Fulltime 68.9
75-80% 28.0
50% 3.1
Position

Captain 61.0
First officer (co-pilot) 39.0
Type of aircraft

B737 343
MDS80serie 32.0
A330/340 25.8
Saab 2000 7.9
Exercise frequency

Sometimes 10.7
1 time /week 17.5
2-4 times /week 62.2
>5 times /week 9.6
Marital status

Married/couple 89.4
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Weekend couple 3.5

Single 7.1
Children age

None 26.8
7-18 yr 53.1
<6 yr 20.1
Amount of free hours after

work

Half an hour /day 25.1
1-2 hr /day 45.5
3-4 hr /day 20.6
5-6 hr/day 7.9
Sleep length

6-8h 87.6
4-5h 3.8
>8h 8.6
Insomnia ¢ 70.6
Work demand

Low (5-12) 49.0
High (13-20) 51.0
Work control

High (0-9) 48.4
Low (10-18) 51.6
Psychosocial support at work P

High (0-13) 47.5
Low (14-48) 52.5

a. The prevalence of work year is presented in three ranges, but in the statistical models, it was
treated as continuous variable.

b. The prevalence of psychosocial factors is presented in two ranges of scores, and the higher
range presents more unfavourable condition. But in the statistical models, the variables were
treated as continuous variables.

c. Insomnia was defined as reporting at least one of the three sleeping disturbance symptoms
most of the time or sometimes, which include difficulty to sleep, repeated awakenings with
difficulty falling back to sleep, and too early final awakening.

d. Some people are in a stable relationship, and they live together with their partner. They are
defined as couple. Some people are in a relationship, but they live separately from their partner,
and they usually meet on weekends. They are defined as weekend couple.

Associations between dependent variables and different factors in mutually
adjusted analysis are presented in Table 3. Insomnia was associated with
poorer SRH (p=0.025), less recovery from work (p<0.001), more fatigue
(p<0.001) and more eye tiredness (p=0.004). Overweight or obese were as-
sociated with poorer SRH (p=0.001) and more eye tiredness (p=0.008). Cur-
rent smoking was associated with less recovery from work (p=0.035). Higher
demand at work was associated with poorer SRH (p=0.043) and more fatigue
(p<0.001), and lower social support at work was associated with less recovery
from work (p=0.007). Younger pilots (p=0.023) and female pilots (p=0.030)
reported more fatigue. SOCtot was associated with stronger SRH (p<0.001),
more recovery from work (p<0.001), and less fatigue (p=0.003). Higher exer-
cise frequency was associated with better SRH (p=0.019). Part-time employ-
ment was associated with more recovery from work (p=0.002). MD 80 series
(p=0.016) and Saab 2000 (p=0.036) aircraft were associated with less fatigue.
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Table 3. Associations between SRH, recovery, fatigue, and eye tiredness, and se-
lected factors in mutual models (Selection: p<0.2), including age, gender, BMI,
smoking habit, oral tobacco (snuff) use

Factors OR (95% CI) p-value
SRH ¢

BMI 0.43 (0.26-0.69) 0.001
Excercis frequency 1.45 (1.06-1.99) 0.019
Insomnia 0.56 (0.34-0.93) 0.025
SOCtot 1.53 (1.29-1.83) <0.001
High demand 0.69 (0.47-0.99) 0.043
Recovery ¢

Current smoker 0.35 (0.13-0.93) 0.035
(Reference: never smoke)

Part time 1.99 (1.29-3.07) 0.002
Insomnia 0.27 (0.16-0.46) <0.001
SOCtot ® 1.62 (1.37-1.93) <0.001
Low social support 0.60 (0.41-0.87) 0.007
Fatigue ©

Age 0.55 (0.33-0.92) 0.023
Woman 4.08 (1.14-14.63) 0.030
Type of aircraft

MDS80 (Reference: B737) 0.39 (0.18-0.84) 0.016
Saab 2000 (Reference: B737)  0.29 (0.09-0.92) 0.036
Insomnia 12.29 (6.16-24.53) <0.001
SOCtot 0.72 (0.58-0.89) 0.003
High demand 2.87 (1.58-3.05) <0.001
Eye tiredness

BMI 2.04 (1.20-3.47) 0.008
Insomnia 2.47 (1.33-4.59) 0.004

a. For self-rated health and recovery from work, multiple ordinal regression models were used
for mutual analysis, and for fatigue and eye tiredness, multiple logistic regression models were
used. For each dependent variable, the mutual models included factors with a p<0.2 in single
factor analysis, and age, gender, BMI, smoking habit, and oral tobacco (snuff) use. All the three
of psychosocial variables were always included at the same time, though “low control” was not
selected sometimes by the p-value. Table 5 shows the associations between the dependent var-
iables and those selected factors, and the personal factors with a significant p-value.

b. The associations between dependent variables and the SOCtot and psychosocial variables
were calculated by their interquartile range.
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c. The selected factors for SRH included: marital status, exercise frequency, free hour after
work, sleep length, insomnia, SOCtot, high demand, low control, and low social support.

d. The selected factors for recovery from work included: employment, marital status, age of
children, exercise frequency, free hour after work, sleep length, insomnia, SOCtot, high de-
mand, low control, and low social support.

e. The selected factors for fatigue included: type of aircraft, marital status, free hour after work,
sleep length, insomnia, SOCtot, high demand, low control, and low social support.

f. The selected factors for eye tiredness included: employment, sleep length, insomnia, SOCtot,
high demand, low control, and low social support.

Paper 11

Furry pet allergen levels

Among TSC (textile seat company) samples, samples from the flight deck and
cabin had similar total dust weight. Fel d1 and Can f1 concentrations were
higher in the cabin samples as compared to flight deck (p<0.05), and the
amount of dog allergen was almost 2 times higher in the cabin samples. In
LSC (leather seat company) aircraft, samples from flight deck contained more
dust than cabin samples. Moreover, LSC flight deck samples contained larger
amounts and higher concentrations of Fel d1, Can f1 and Equ cx (p<0.05) than
in the cabin. In TSC aircraft, median concentrations for Fel d1, Can f1 and
Equ cx are 2285 ng/g, 2288 ng/g and 9537 ng/g in flight deck. In LSC aircraft,
median concentrations for Fel d1, Can fl and Equ cx are 589 ng/g, 450 ng/g
and 1966 ng/g respectively in flight deck and 181 ng/g.

Table 4. Pet allergens concentration in flight deck and cabin in both companies

N AM GM(GSD) Range
TSC flight deck
Fel d1(ng/g) 9 3883 3503 (1.60)*® 2137-6516
Can fl(ng/g) 9 2552 2413(1.43)? 1254 — 4169
Equ ex(U/g) 9 11418 10814 (30.01)* 7405 — 18576
LSC flight deck
Fel d1(ng/g) 9 686 587 (1.82) 248 — 1187
Can fl(ng/g) 9 495 438 (1.71) 169 — 960
Equ ex(U/g) 9 1839 1761 (1.38) 1000 — 2751
TSC cabin
Fel d1(ng/g) 26 6154 5359 (1.76)° 1452 - 13795
Can fl(ng/g) 26 6551 6067 (1.51)® 1810 — 12469
Equ ex(U/g) 26 18061 13703 (2.16)® 2793 - 55990
LSC cabin
Fel d1(ng/g) 27 182 107 (3.27) 25-502
Can fl(ng/g) 27 400 227 (2.52) 79 — 2850
Equ ex(U/g) 27 343 183 (3.35) 391794

Significant level is p <0.05.
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a. In the flight deck, the concentrations of cat, dog and horse allergens in TSC are signifi-
cantly higher than in LSC. The p values are all <0.001.

b. In the cabin, the concentrations as well as the amounts of cat, dog and horse allergens in
TSC are significantly higher than LSC. The p values are all <0.001.

Fungal DNA levels

Total fungal DNA levels in vacuumed dust did not differ between TSC aircraft
and LSC aircraft. However, the concentration of Asp/Pen DNA, A. versicolor
DNA, S. chartarum DNA and Streptomyces DNA were all higher in TSC than
in LSC aircraft (Table 5).

Table 5. Fungal DNA level in FD in TSC flights
Fungal DNA (CE/g) AM  GM(GSD) RANGE

Tot DNA (10%) 419  3.86(1.51) 2.42-7.55
Asp/pen DNA (10°)  6.67  6.14(1.58) 2.46-11.42
A.vers DNA 48.56 44(1.61) 24 - 86
Stachbotrys DNA 044  NA* 0-3
Streptomyces DNA  4.11 NA* 1-8

NA: Not available. There were quite a few values under detectable level, therefore the GM were
not calculated.

MVOC levels

Levels of MVOC in TSC were analyzed and compared with data on MVOC
levels in home environment from three Nordic countries. MVOC levels were
different between airplanes and homes (Table 4). The sum MVOC concentra-
tion in the cabin environment was 3192 ng/m* (GM), 3.7 times higher than in
the homes (P<0.001). Levels of 3-methyl-1-butanol and 2-methyl-1-butanol,
1-octen-3-ol and ethyl isobutyrate were 17, 15, 1.4 and 4 times higher in air-
craft as compared to homes respectively (p<0.05) In contrast, isobutanol, 1-
butanol, dimethyldisulfide, 2-hexanone, 2-heptanone, 3-octanone, isobutyl ac-
etate and ethyl-2-methylbutyrate were lower in the cabin air (p < 0.05). How-
ever, levels of 3-methylfuran, 2-pentanol and 2-pentylfuran did not differ be-
tween aircraft and homes (Table 6).
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Microbial growth in mineral insulation

According to classification for mineral insulation published before, mineral
insulations with total fungi or bacteria level less than 10* organisms/g insula-
tion were classified as normal, while mineral insulations with total fungi or
bacteria level more than 10° organisms/g insulation were classified as “ele-
vated” [127]. Both total bacteria level and total fungi level of the mineral in-
sulation sample were above the standard for elevated level (10° organisms/g
insulation). The viable bacteria level was also elevated according to the stand-
ard. Among viable species from the insulation sample, yeast and the gram
negative bacteria Pesudomonas sp. were identified.

Paper 111

There was no difference between the prevalence of respiratory health symp-
toms and allergies at base-line and the prevalence during follow-up (Table 7).
However, most of the psychosocial work conditions had improved during the
three year follow up period, except for the demand variable which was not
changed (Table 8). The pilots tended to move from multifamily houses to sin-
gle-family houses and had less ETS and less furry pets at home during follow
up (Table 8).

Table 7. Prevalence of demographic data, allergies and respiratory illness among
nonparticipants at baseline, participants at baseline and participants at follow-up

Respiratory health Participants at  Participants at

variable baseline follow-up P-value®
(N=436) (%) (N=436) (%)

Female gender 53 53 1.00
Current smoker 12.1 8.4 0.33
Ever had asthma 2.6 23 1.00

Doctors’ diagnosed 1.4 25 0.06
asthma

Pollen allergy 16.9 19.4 0.06
Furry pet allergy 10.3 10.8 0.75

Wheeze or whistling
in the chest last 12 7.6 5.7 0.27
months
Current bronchitis 8.1 7.1 0.76
Nonspecific hyperre- 19.8 21.7 0.34
activity
Airway infections 10.7 9.7 0.62

a. Comparing prevalence among participants at baseline and at follow-up, calculated by McMe-
mar test.
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Table 8. Prevalence of work factors and home factors.

Environment fac- Prevalence (%) p value?
tors
1997 2000
Work factors
Low stimulation  Never (0) 83.1 87.4 0.008
Seldom (1) 13.9 11.9
Sometimes 2.8 0.7
()
Often (3) 0.2 0
High demand Never (0) 53 5.1 0.56
Seldom (1) 53.8 52.9
Sometimes 38.3 38.8
2
Often (3) 2.5 32
Low control Never (0) 8.6 11.1 <0.001
Seldom (1) 31.1 38.0
Sometimes 46.6 41.7
()
Often (3) 13.7 9.3
Low support Never (0) 50.5 52.5 0.02
Seldom (1) 32.6 35.8
Sometimes 11.9 8.4
()
Often (3) 5.0 33
Long haul flight 259 25.2 0.46
Current home factors
Construction before 1960 31.3 343 0.52
year
1961-1975 23.8 20.9
after 1975 449 44.8
Multifam- 21.9 15.8 <0.001
ily/house
Furry pet keep- 213 26.5 0.001
ing
ETS at home 8.3 4.6 0.001
Indoor painting last 12 months 26.3 26.7 1.00
Dampness/ mold last 12 months 7.6 6.0 0.39
Window condensation in winter 13.7 11.8 0.21

a. Work factors and construction year were calculated by Wilcoxon Signed Rank Test, other
home factors were calculated by McNemar’s Test.
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Further calculations of number of new cases and the 3-year incidence of the
health variables are presented in Table 9. At baseline, totally eleven pilots
(2.5%) reported that they had ever had asthma (lifetime incidence) and six of
them had the asthma diagnosed by a doctor before the study started. Six of the
eleven persons with asthma at baseline (55%) reported that their first asthma
attack occurred when they were 1-10 years old (childhood asthma). Two of
the eleven pilots with asthma at baseline got asthma diagnosed by a doctor
during the follow up period and three other pilots without asthma at baseline
got a new asthma diagnosis by a doctor during follow up (incidence cases).
The prevalence of doctors’ diagnosed asthma at baseline and during follow-
up were 1.4% and 2.5% respectively and the incidence of doctors diagnosed
asthma was 2.4 per 1000 person-years. Totally 5.3% were females. Prevalence
of current smoking at baseline was 9.9%, and the prevalence of current smok-
ing at follow-up was 8.4%. There were 10 new smokers and 16 pilots had been
giving up smoking. In total, 17 pilots developed atopy during follow-up, and
the incidence rate of atopy was 16.6 per 1000 person-years.

Table 9. Number of new cases and symptom incidence during follow up

Outcome Ne Nd Number of 3-year incidence
new cases (%)
Wheezing in chest any R R
time last 12 months 403 396 16 (12) 4.0 (3.0)
Attacks of breathless-
ness at rest last 12 434 423 1(1)¢ 0.2 (0.2)¢
months
Attacks of breathless-
ness after exercise last 428 418 54)¢ 1.2 (1.0)¢
12 months
Woken up by attacks of
breathlessness last 12 431 420 1(1)¢ 0.2 (0.2)¢
months
Asthma attacks last 12 R R
months 435 425 0(0) 0(0)
Asthma symptoms?* 395 388 18 (14) ¢ 4.6 (3.6)¢
Doctors’ diagnosed R R
asthma 430 425 503) 1.2 (0.7)
Bronchitis 395 20 5.1
Nonspecitjlc.hyperreac- 345 40 11.6
tivity
Airway infections 385 17 4.4
A history of atopy® 342 17 5.0

a. Asthma symptoms: wheezing in chest at any time, attack of breathlessness at rest, attacks of
breathlessness after exercise, woken up by attacks of breathlessness, and asthma attack last 12
month.

b. Pollen or furry pet allergy.

¢. Number of participants without particular symptom at baseline.

d. Number of participants without particular symptom at baseline, and the subjects who had
ever had asthma at baseline (N=11) were excluded.

e. Data in parenthesis refers to number of new cases and incidence of asthma symptoms when
subjects who had ever had asthma at baseline (N=11) were excluded.
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Table 10 presents the cross-sectional analysis for the baseline data. Women
reported more nonspecific hyperreactivity (p=0.013), while smokers reported
more bronchitis (p=0.027), but less nonspecific hyperreactivity (p=0.033).
Older pilots reported less airway infections (p=0.004) and less atopy
(p=0.004). Pilots with atopy reported more nonspecific hyperreactivity
(p=0.026). Pilots who reported dampness/mould at home in last 12 months
reported more asthma symptoms (p=0.006) and more airway infections
(p=0.013). Pilots who kept furry pets at home reported less atopy (p=0.018).
Psychosocial work conditions or ETS exposure in the aircraft at baseline were
not significantly associated with any of the four investigated health variables.

Table 10. Associations between symptom prevalence and baseline exposure
(N=436) ®

Selected variables 2 adj OR(CI 95%) p-value
Asthma symptoms

Women 2.82 (0.96-8.28) 0.059
Dampness/ mould last 12 months 3.55 (1.43-8.82) 0.006
Bronchitis

Current smoking 2.65 (1.12-6.92) 0.027
Nonspecific hyperreactivity

Women 3.32 (1.29-8.56) 0.013
Current smoking 0.21 (0.05-0.88) 0.033
Atopy 1.91 (1.08-3.38) 0.026
High demand 1.32 (0.89-1.95) ¢ 0.17
Airway infections

Age 0.51 (0.32-0.81) ¢ 0.004
Dampness/ mould last 12 months 3.12 (1.27-7.68) 0.013
A history of atopy

Age 0.63 (0.45-0.86) ¢ 0.004
Furry pet keeping 0.41 (0.19-0.86) 0.018

a. The variables were selected by Wald stepwise logistic regression, and the cut-off p-value for
the inclusion of variables in the model was 0.1. The stepwise logistic regression model for
prevalence of asthma symptoms, bronchitis, nonspecific hyperreactivity and airway infections
included following candidate variables: age, gender, atopy, smoking habits; work-related fac-
tors: flight type, stimulation at work, work demand, work control, support at work; home envi-
ronment factors: construction year, multifamily/house, furry pet keeping, ETS at home, indoor
painting last 12 months, dampness/mould last 12 months, window condensation in winter. The
stepwise logistic regression model for atopy included all the factors included in the other mod-
els except atopy.

b. The associations between health variables displayed in this table were calculated by a mutual
logistic regression model separately, including the selected independent variables for each
health variable, adjusted by age, gender, and smoking habit.

c. For the psychosocial variables, OR was calculated for one step on the scale (0-1).

d. For the variable of age, OR was calculated for each escalation of 10 years.

The longitudinal analysis is presented in Table 11. Older pilots (p=0.011) had
a lower incidence of airway infections. The baseline exposure of window pane
condensation (p=0.015) were positively associated with the incidence of
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asthma symptoms. The variable of “ever had window pane condensation”
(p=0.030) either at baseline or during follow-up were included in the model
for the incidence of asthma symptoms and change of exposures, and it was
positively associated with the incidence of asthma symptoms. Pilots who
changed type of flight during follow-up (p=0.002), either from long-haul to
short-haul or from short-haul to long-haul, had a higher incidence of airway
infections than those who continued with the same type of flight. Pilots re-
porting low psychosocial support at work at baseline had lower incidence of
atopy, though the significance level is on the border (p=0.06). Pilots who re-
ported lower control at work (p=0.039) during follow-up had more onset of
atopy. Pilots living in newer dwellings at baseline (p=0.012) had a higher in-
cidence of airway infections. ETS at home at baseline (p=0.010) was posi-
tively associated with new onset of atopy. The variable of “ETS at home ever”
either at baseline or during follow-up (p=0.005) was positively associated with
new onset of atopy. There was no association observed for incidence of bron-
chitis and nonspecific hyperreactivity. There were no associations between
ETS exposure in the aircraft at baseline and incidence of any of the four health
variables.

Table 11. Associations between symptom 3-year incidence and baseline exposure
and change of exposure °

Selected variables * adj OR(CI 95%) p-value
Asthma symptoms

Window pane condensation at 4.14 (1.32-12.97) 0.015
baseline

Airway infections

Age 0.33 (0.14-0.77)¢ 0.011
Construction year of dwelling 5.23 (1.43-19.10) 0.012
Flight type change 11.27 (2.39-53.14) 0.002
Construction year change 0.19 (0.04-0.81) 0.025
A history of atopy

Low support 0.39 (0.15-1.03) ¢ 0.06
ETS at home at baseline 3.73 (1.09-12.83) 0.010
Low control change 1.85 (1.03-3.31) ¢ 0.039

a. The variables were selected by Wald stepwise logistic regression, and the cut-off p-value for
the inclusion of variables in the model was 0.1. The stepwise logistic regression model for
incidence of asthma symptoms, bronchitis, nonspecific hyper-reactivity and airway infections
included variables stating baseline exposure and the change during follow-up of following fac-
tors : age, gender, atopy, smoking habits; work-related factors: flight type, stimulation at work,
work demand, work control, support at work; home environment factors: construction year,
multifamily/house, furry pet keeping, ETS at home, indoor painting last 12 months, damp-
ness/mould last 12 months, window condensation in winter. The stepwise logistic regression
model for atopy included all the factors included in the other models except atopy.

b. The associations between symptoms displayed in this table were calculated by a mutual lo-
gistic regression model separately, including the selected independent variables for each health
variable, adjusted by age, gender, and smoking habit.

c. For the psychosocial variables, OR was calculated for one step on the scale (0-1).

d. For the variable of age, OR was calculated for each escalation of 10 years.
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Paper IV

The prevalence of eye symptoms the last week (p=0.03) and the last 3 months
(p=0.001) had increased during the follow up, and dermal symptoms in last 3
months had decreased (p<0.001). Moreover, exposure to ETS at work had de-
creased drastically (p<0.001). For other symptoms or environmental percep-
tions, the prevalence had not changed significantly (Table 12).

Table 12. Prevalence of symptoms during the last week and the last 3 months.

Symptom prevalence (%)  p value ®
1997 2000

7 days symptoms

Eye 38.5 44.6 0.03

Nose 39.9 39.6 0.87

Skin 19.8 17.1 0.19

Headache 17.2 16.9 1.00

Tiredness 29.9 30.9 0.86

3 months symptoms

Eye Sometimes 27.0 31.1 0.001
Often 2.8 53

Nose Sometimes 453 43.7 0.67
Often 7.7 9.1

Skin Sometimes 42.0 23.2 <0.001
Often 14.0 9.3

Headache Sometimes 26.3 27.4 0.85
Often 1.2 0.9

Tiredness Sometimes 69.1 64.8 0.54
Often 13.7 15.0

Stufty air Sometimes 39.5 40.1 0.18
Often 7.5 9.6

Dry air Sometimes 30.6 33.1 0.28
Often 55.1 51.2

ETS at work  Sometimes 48.7 1.9 <0.001
Often 3.5 0.2

a. 7 days symptoms were calculated by McNemar’s Test, and 3 months symptoms were calcu-
lated by Wilcoxon Signed Rank Test.

Table 13 shows the results from stepwise logistic regression model for base-
line data. Older pilots reported less nose symptom (adjusted OR 0.55, 95%CI
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0.42-0.72; p<0.001) and headache (adjusted OR 0.55, 95%CI 0.38-0.82;
p=0.003). Female pilots had more skin symptom (adjusted OR 3.68, 95%CI
1.41-9.59; p=0.008) and headache (adjusted OR 3.11, 95%CI 1.19-8.12;
p=0.02) than men. Pilots who had been on a long haul flight with ETS expo-
sure the last week had more eye symptoms (adjusted OR 1.91, 95%CI 1.10-
3.33; p=0.02) and more tiredness (adjusted OR 2.73, 95%CI 1.57-4.75;
p<0.001). Those living in multifamily houses had more eye symptoms (ad-
justed OR 1.90, 95% CI 1.14-3.17; p=0.01) and those keeping furry pets had
less eye symptoms (adjusted OR 0.53, 95% CI 0.31-0.95; p=0.03). Pilots liv-
ing in homes with signs of dampness and mould growth the last 12 months
reported more tiredness (adjusted OR 2.25, 95%CI 1.01-5.03; p=0.049), and
those who had their home painted indoors the last 12 months had more head-
ache (adjusted OR 1.84, 95%CI 1.03-3.28; p=0.04). Finally, those reporting
window pane condensation in winter, an indicator of poor ventilation and high
relative air humidity, reported less skin symptoms (adjusted OR 0.34, 95% CI
0.13-0.86; p=0.02). Among the psychosocial variables, high demands was as-
sociated with more eye symptoms (adjusted OR 3.59, 95% CI 1.26-10.25;
p=0.02). No significant associations were found for the other psychosocial
scales.

48



Table 13. Associations between symptoms (last week) at baseline and work environ-

ment and home environment.

adj OR(95% CI)

p-value

Any eye symptom

High demand

Low control

No ETS at work (ref)
European flight with ETS
Long haul flight ETS
Furry pet keeping

Window pane condensation in
winter
Multifamily house

Any nose symptom
Age per 10 years
Pollen/pet allergy

Any skin symptom

Woman

Low control

Construction year of dwelling

Dampness/mold at home last
12 months

Window condensation in win-
ter

Headache
Age per 10 years
Woman

Indoor
months

painting last 12

Tiredness

Age per 10 years

No ETS at work (ref)
European flight with ETS
Long haul flight ETS

Dampness/mold at home last
12 months

3.59 (1.26-10.25)
2.05 (0.93-4.53)
1

1.55 (0.89-2.69)
1.91 (1.10-3.33)
0.53 (0.31-0.95)
1.82 (0.99-3.37)

1.90 (1.14-3.17)

0.55 (0.42-0.72)
1.71 (1.02-2.86)

3.68 (1.41-9.59)
2.32 (0.86-6.20)
0.76 (0.56-1.03)
2.29 (0.94-5.60)

0.34 (0.13-0.86)

0.55 (0.38-0.82)
3.11 (1.19-8.12)
1.84 (1.03-3.28)

0.53 (0.40-0.72)
1

1.53 (0.85-2.74)
2.73 (1.57-4.75)
2.25 (1.01-5.03)

0.02
0.07

0.12
0.02
0.03
0.06

0.01

<0.001
0.04

0.008
0.10
0.08
0.07

0.02

0.003
0.02
0.04

<0.001

0.16
<0.001
0.049

Associations between symptoms in last week and work factors, home factors, by stepwise lo-

gistic regression.
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When analysing associations between personal factors and exposures at base-
line and change of symptoms and environmental perceptions over the 3-year
period, women got less headache as compared to men in the follow-up (Score
change -1.14; 95% CI -2.17 - -0.11; P=0.03). Older pilots reported less stuffy
air (Score change -0.30; 95% CI -0.56 - -0.05; P=0.02) during the follow-up.
Pilots being on long haul flights with ETS exposure at baseline reported less
tiredness (Score change -1.12; 95% CI -1.70 - -0.55; P<0.001) at follow up,
as compared to those who were on smoke free flights at baseline. There were
no associations between psychosocial work conditions at baseline, and
changes of medical symptoms or environmental perceptions during follow up.
Finally, pilots living in new houses developed more tiredness during the fol-
low-up (Score change 0.30; 95% CI 0.04-0.56; P=0.023) but there were no
other associations between home environmental factors at baseline and
changes of medical symptoms or environmental perceptions.

Finally, associations between changes of symptoms, changes of own smok-
ing status and changes of environmental factors at home and at work were
analysed. Female pilots developed less nose symptoms (P=0.048) and less
headache (P=0.04) at follow-up and reported less stuffy air (P=0.03) than men.
Those who had started smoking reported more problems with stuffy air at
work (P=0.04). Pilots who changed from short haul flight to long haul flight
reported more nose problems (P<0.001) as compared to those working on
short haul flights all the time (reference category). Moreover, changes of psy-
chosocial variables were associated with changes of symptoms and environ-
mental perceptions. Those who reported less work stimulation during follow
up reported more stuffy air (P=0.009). Pilots reporting increased demand at
work got more nose symptoms (P=0.035), skin symptoms (P=0.017) and tired-
ness (P=0.001) and reported more often stufty air (P=0.01) and dry air at work
(P=0.029). Those reporting less work control got more eye symptoms
(P=0.002). Changes of home environment factors were not significantly asso-
ciated with any changes of symptoms or environmental perceptions at work.
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GENERAL DISCUSSION

This thesis have investigated different aspects of health and the work environ-
ment among commercial pilots. The most important personal factors associ-
ated with poorer self-rated health, lack of recovery from work or fatigue were
overweight or obesity, insomnia, sense of coherence SOC and high work de-
mand. The environmental measurements found high levels of cat, dog and
horse allergens in the aircraft, and the concentrations were higher in aircraft
with textile seats as compared to those with leather seats. The sum of concen-
trations of volatile organic compounds of possible microbial origin (MVOC)
in the cabin air was higher than in a random sample of homes in northern
Europe, mainly because of the elevated levels of 2-methyl-1-butanol and 3-
methyl-1-butanol in the cabin air. The levels of total fungal DNA in vacuumed
dust from the aircraft were relatively low. The longitudinal questionnaire
study found that mucosal, dermal and general symptoms were common, espe-
cially eye and nose symptoms and tiredness. The psychosocial work environ-
ment and exposure to environmental tobacco smoke (ETS) on long haul flights
were associated with an increased prevalence of symptoms. Increased demand
and lower work control were associated with an increase of mucosal and der-
mal symptoms, tiredness and reports on stuffy air and dry air at work. The ban
of smoking on board in 1997 decreased eye symptoms, tiredness and the per-
ception of stuffy air at work. Moreover, there were associations between
symptoms and certain factors in the home environment, including recent in-
door painting, dampness and indoor mould growth, living in a multi-family
house and living in a new house.

Comments on selection bias

Epidemiological studies can be influenced by selection bias and information
bias (recall bias). Airline pilots are initially selected to be healthy and are not
comparable with the general adult population. In addition, there can be a se-
lection effects (the healthy worker effect) after employment and those devel-
oping health problems may leave the occupation.The initial three year cohort
study was performed in the end of the 1990’ies and represent historical data
from pilots in one Scandinavian airline company. The participation rate was
93% at the baseline investigation, and 76% of the participants at baseline par-
ticipated in the 3-year follow up. Despite the relatively high participation rate,
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we found that nonparticipants were older and had a higher prevalence of
wheeze and self-reported nonspecific hyperreactivity at baseline, as compared
to participants. Moreover, nonparticipants were less satisfied with their work-
ing conditions and were less exposed to ETS on board at baseline. These re-
sults indicate a health based selection where more healthy pilots tended to join
the cohort. This could lead to an underestimation of the risks of the occupa-
tional exposure. In contrast, we found no differences between participants and
nonparticipants for exposure related to the home environment. The later cross-
sectional study among pilots at the same airline company had good response
rate (61%), and a previous analysis demonstrated that there were no difference
in age or gender between participants and non-participants [97]. In conclusion,
selection bias is not likely to have had any major influence on the results but
the tendency that more health pilots joined the cohort could have caused an
underestimation of work-related risks.

Comments on internal validity of the questionnaire
studies

The questionnaire studies included questions on medical symptoms, the work
environment and the home environment. This may introduce information bias
(reporting bias) especially in the cross-sectional analysis. However, in the lon-
gitudinal analysis of the development of symptoms over three years, using
baseline data of exposure as independent variables, recall bias should not be a
major concern. There were associations between specific dependent variables
and specific risk factors, rather than a general increase of many associations
with the same order of magnitude. Exposure assessment for ETS at work was
based on type of flight, long haul or short haul, not on self-reported data on
ETS exposure. Since the pilots have a contract to work on certain types of
airplanes for a number of years, recall bias for this ETS variable is unlikely.
In conclusion, information bias is not likely to have played an important role
in our two questionnaire studies. However, there are certain limitations of the
questionnaire studies. One limitation is the lack of clinical data and another
limitation is the limited study size. Finally, the cross-sectional study design of
the later study on self-rated health, recovery from work, and fatigue limits the
possibility to draw conclusions on causality.

Comments on methodological aspects of the exposure
measurements

One limitation of the exposure measurement study is the small number of sam-
ples. However, despite this limitation, highly significant differences were
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found. Another important issue is the types of aircraft included in the study.
Air samples for MVOC and dust samples from textile seats were taken from
both Boeing and Airbus aircraft but all dust samples from aircraft with leather
seats were taken from Airbus aircraft. However, it is less likely that these dif-
ferences in types of aircraft would have any major influence on the air or dust
sampling. The ventilation system has a similar design in all modern aircraft,
using about 50% air recirculation and air filtration of return air [22, 60] so it
is less likely that the type of aircraft would have influence the levels of sam-
pled pollutants. Another limitation is that we did not measure allergens or fun-
gal DNA in the air. However, other studies have shown a correlation between
allergen levels in vacuumed dust and in air samples, using Petri dishes or elec-
trostatic samplers to collect airborne allergens over longer periods (correlation
coefficients 0.27-0.58) [16, 21]. Moreover, a reasonable correlation (correla-
tion coefficient 0.65) has been reported between measured endotoxin level in
indoor dust and in air [83]. Moreover, most previous epidemiological studies
on associations between exposure to furry pet allergens and asthmatic symp-
toms have used allergen measurements in settled dust [2, 55, 88, 109]. Thus,
we conclude that the exposure study has a reasonable internal validity.

Comments on external validity

In the exposure measurement study, different types of aircraft used by two
different airlines were included and the study should have a reasonable repre-
sentativeness of the airplanes used in current commercial air transportation.
However, the study may not be representative for airlines operating in other
parts of the world where the microbial load or the furry pet allergen levels in
the society is different. The initial three year cohort study and the later cross-
sectional questionnaire study included all pilots in one Scandinavian airline.
The limitation to one north-European airline limits the external validity but
our study may be representative for north-European conditions. Commercial
pilots have a similar type of work all over the world but cultural differences,
differences in life style factors, differences in the home environment as well
as differences in work conditions may differ for pilots working for different
airlines. In the future, similar exposure measurements and questionnaire stud-
ies should be performed among commercial airlines in other parts of the
world.
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Comments on the measurements of furry pet allergens
in aircraft

We found cat (Fel d1), dog (Can f1) and horse (Ecu cx) allergens in all dust
samples from the cabin and the cockpit. The geometric mean level of Fel d1
was 6551 ng/g in dust from cabins with textile seats, 107 ng/g in dust from
cabins with leather seats, 3383 ng/g in cockpit dust from aircraft with textile
seats in the cabin and 657 ng/g in cockpit dust from aircraft with leather seats
in the cabin. The cockpit had textile seats in all aircraft even if the cabin had
leather seats. We found only one previous study measuring Fel d1 in the cabin
environment. In this study from New Zeeland, they found cat allergen in all
dust samples and the mean level of Fel d1 was 33 300 ng/g dust [68], a mean
level even higher than in our study.

The geometric mean level of Can fl was 6551 ng/g in dust from cabins
with textile seats, 227 ng/g in dust from cabins with leather seats, 2552 ng/g
in cockpit dust from aircraft with textile seats in the cabin and 495 ng/g in
cockpit dust from aircraft with leather seats in the cabin. The geometric mean
level of Ecu cx f1 was 13703 ng/g in dust from cabins with textile seats, 183
ng/g in dust from cabins with leather seats, 11418 ng/g in cockpit dust from
aircraft with textile seats in the cabin and 1839 ng/g in cockpit dust from air-
craft with leather seats in the cabin. We found no previous studies on dog or
horse allergen contamination in aircraft.

The allergen levels were much higher in aircraft with textile seats as com-
pared to leather seats. The main source of the allergens is most likely transfer
of allergens from the home environment among those keeping cat or dogs or
riding horses. In addition, some airline companies allow small pets to be kept
in the cabin. Cabins are cleaned on a regular basis in the airports, between
flights, but the cleaning procedure only involves cleaning of the floor. This
enables allergens to accumulate in the seats in the cabin and in the cockpit,
especially in seats with textile material. The levels of cat, dog and horse aller-
gens in aircraft with textile seats were higher than levels previously reported
from Swedish schools [55, 88, 110]. Cat, dog and horse allergens can cause
allergic respiratory symptoms in sensitized subjects. One review study on the
potential risks of cat allergens and furry pet transportation in aircraft cabins
concluded that the allergen levels in the cabin is high enough to cause allergic
reactions among sensitized passengers [75]. Studies from schools have
demonstrated that cat allergen contaminations in the classroom can be a risk
factor for asthma symptoms in sensitized children [2, 88] and horse allergens
has been reported to cause anaphylaxis in rare cases [40]. So far, studies about
health risks with allergens in aircraft have focused on allergic reactions to cer-
tain food allergens such as tree nuts and peanuts [20]. Our study have demon-
strated that there is a considerable contamination of both cat, dog and horse
allergens both in the cabin and in the cockpit and the allergen levels are such
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that this allergen contamination could be a as a risk factor for sensitized sub-
jects, both pilots and passengers. In conclusion, furry pet allergen contamina-
tion can be an important issue in civil aviation, and measurement should be
taken to reduce this exposure.

Comments on exposure measurements of MVOC and
fungal DNA in aircraft

Mould may grow under moist conditions in indoor environments, including
aircraft. We used two different methods, measurement of fungal DNA and
MVOCs, to measure fungal contamination in the aircraft cabin. We found no
previous publication on measurements of fungal DNA or MVOC:s in aircraft.
The air levels of the sum of MVOCs were 3.7 times higher in the cabin air as
compared to randomly selected homes in three cities in Northern Europe, and
levels of 3-methyl-1-butanol, 2-methyl-1-butanol, 1-octen-3-ol were elevated
17, 15 and 1.4 times, respectively. Other MVOC compounds were found at
lower levels in the cabin air as compared to homes. MVOCs as damp indica-
tors have been questioned. However, a home environment study showed that
levels of 2-methyl-1-butanol and 1-octen-3-ol were elevated in homes with
verified mould growth [105] though with weak association. These two MVOC
compounds were elevated in our study, and may indicate mould growth in the
airplane but there are other possible sources for the elevated levels of these
compounds. Both 3-methyl-1-butanol and 2-methyl-1-butanol can be pro-
duced by mould like bacteria [72] but 3-methyl-1-butanol is widely used as a
fragrance ingredient [30]. A possible source of microbial contamination in the
cabin could be microbial growth in the mineral insulation in the cabin wall.
There is no dampness barrier in the aircraft wall and there is a considerable
condensation of humidity in the wall construction during the flights (cold wall
condensation). We took one sample from the mineral insulation of one aircraft
and found elevated levels of total fungi and total bacteria according to the
normal values of the laboratory (more than 10° organisms per g mineral insu-
lation). The health significance of indoor MVOC:s is unclear but two home
environment studies reported associations between levels of 1-octen-3-ol in
indoor air and the prevalence of symptoms compatible with the Sick Building
Syndrome (SBS) [8, 99]. Since none of these two studies found associations
between 3-methyl-1-butanol or 2-methyl-1-butanol and medical symptoms,
MVOC exposure in the cabin air may be of limited health significance.
When comparing our data on fungal DNA with data from European
schools, the total fungal level in dust from the cabin was about one fifth of
that in European classrooms [108]. In accordance with the data on allergen
levels, we found higher levels of fungal DNA in aircraft with textile seats as
compared to those leather seats, suggesting an accumulation of mould in the
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textile material. However, the levels of fungal DNA is relatively low and the
health significance of this contamination may be limited. The health signifi-
cance and type of sources of fungal contamination in aircraft deserves further
attention.

Comments on descriptive data on asthma and allergies

In the three year cohort study, at baseline, totally eleven pilots reported that
they had ever had asthma and six of them had the asthma diagnosed by a doc-
tor (1.4%). The low prevalence of doctor’s diagnosed asthma could be due to
selection since pilots have regular medical examinations and are not allowed
to have severe or uncontrolled asthma. However, mild or moderate asthma is
allowed if it is well controlled [15]. The incidence of doctors’ diagnosed
asthma was 2.4 cases per 1000 person-years in our study, if we exclude the
eleven pilots reporting asthma at baseline. A total of 94.7% of the pilots were
males. A Swedish population based cohort study (mean age 34 years at base-
line) from 1980-1993 reported an overall incidence rate of adult onset asthma
of 1.1 per 1000 person-years, 1.0 per 1000 person-years among males and 1.3
per 1000 person-years among females [119]. A study among general Nordic
population (mean age 40 years at baseline) performed in 1999-2001 reported
that the incidence of doctor diagnosed asthma was 2.2 cases per 1000 person-
years, 1.5 cases per 1000 person-years among males, and 2.9 cases per 1000
person-years among females [118]. Our study was conducted during a similar
study period (1997-2000), and the mean age of the pilots was 45 years Thus
we can conclude that the incidence of doctor diagnosed asthma in our study
among commercial pilots was similar as in the general population in the
Northern Europe.

In our cohort study, the prevalence of self-reported pollen allergy was
16.9% at baseline (1997) and 19.4% at follow-up (2000). These are somewhat
higher numbers than reported from two previous Swedish population studies.
They found 14% pollen allergy in 1997 [100] and 16% in 2001 [102]. We
found no previous study on incidence of self-reported atopy in the general
population in Sweden from the same time as out study.

Associations between self-reported health and personal
factors

Associations between personal factors or life style factors and a number of
self-reported health variables and medical symptoms have been investigated.
Comments on these associations are given below.
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Comments on self-rated health (SRH) and personal
factors

A total of 21.8% of the pilots reported SRH as poor or fair and poor or fair
SRH was associated with obesity and insomnia. We found no previous study
on SRH in commercial pilots but associations between obesity and poor SRH
has been reported previously in large population studies [3, 78]. We found
only a few studies on associations between sleep and SRH and they found that
insufficient sleep was associated with poor SRH [38, 41, 76], but they meas-
ured sleep length, not insomnia. We found no previous studies on associations
between SRH and insomnia. Moreover, we found that regular physical exer-
cise was associated with better SRH: This is in agreement with some previous
studies. Physical activity was reported to be positively associated with SRH
among employees from high-tech companies in China [48], and in general
population in Ireland [78]. Finally, we found that a high sense of coherence
were associated with better SRH. This is in agreement with some previous
studies. A high SOC was associated with better SRH among Japanese factory
workers [121]. Moreover, a Canadian population study reported that SOC may
act as an intermediate factors which buffers the stressors in life [93]. In con-
clusion, there is a need to reduce obesity and improve the sleep quality among
pilots.

Comments on recovery from work and personal factors

A total of 35.6% of the pilots did not feel recovered after several days off
work. We used a question on recovery from work adapted from a previous
publication among government employees [43]. We found that current smok-
ers and those with insomnia had poorer recovery from work. We found no
previous study using this question on recovery from work among commercial
pilots. Recovery from work among pilots is an important issue especially since
the increased competition in the aviation sector has increased the stress and
the work hours for the pilots.

Comments on fatigue and personal factors

In the three year cohort study, 69.9% reported sometimes tiredness and 13.4%
reported often tiredness in the past 3 months (at baseline). In the later cross-
sectional study, 61.9% of the pilots reported fatigue (sometimes or often). Fe-
male pilots had more often fatigue and older pilots had less often fatigue. Most
of the commerecial pilots are men and gender differences in medical symptoms
among pilots have rarely been studied. However, among office workers a large
number of studies have shown that females have more tiredness than men [13,
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112]. Older pilots have more experience and this could explain why they have
less tiredness, but it could also be a selection effect, causing symptomatic pi-
lots to change to another occupation.

Comments on headache and personal factors

In the three year cohort study, 26.3% reported sometimes headache and 1.2%
reported often headache during the past 3 months (at baseline). The prevalence
of headache at baseline was higher among males than females but females
developed less headache during the follow up than men. We found no previous
studies on gender difference in headache among pilots. However, among of-
fice workers several studies have demonstrated that females have more medi-
cal symptoms than men, including headache [13, 112]. We have no explana-
tion why females develop less headache than men, but since more and more
pilots are women, this is beneficial. In our study, older pilots had a lower prev-
alence of headache. Older pilots have more experience and this could explain
why they have less headache but it could also be healthy worker selection
effect.

Comments on eye symptoms and personal factors

In the three year cohort study, 27.0% reported sometimes eye symptoms and
2.8% reported often eye symptoms in the past 3 months (at baseline). In the
later cross-sectional study, 33.1% of the pilots reported eye tiredness (some-
times or often). We found that overweight or obesity and insomnia were risk
factors for eye tiredness. We found no previous studies on eye symptom and
obesity among pilots, but it is reasonable that insomnia could lead to eye tired-
ness. Moreover, obesity is linked to inflammation [12, 42, 90], which could
be linked to eye symptoms.

Comments on nasal symptoms and personal factors

In the three year cohort study, 45.3% reported sometimes and 7.7% reported
weekly nasal symptoms (runny nose or nasal irritation) during the past 3
months (at baseline). Those with self-reported atopy (pollen or furry pet al-
lergy) had a higher prevalence of nasal symptoms. This is expected since nasal
symptoms are linked to atopy (allergic rhinitis). Older pilots had less nasal
symptoms. This could be due to a selection effect (the health worker effect)
or because older pilots have less allergies. Moreover, females developed less
nasal symptoms than men during the follow up. We have no explanati