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Abstract

Background

Few studies have examined the broad health effects of occupatigaduess in fligh
attendants apart from disease-specific morbidity and morsalitiies. We describe the hea

status of flight attendants and compare it to the U.S. population. Itcacidve explore

whether the prevalence of major health conditions in flight attendargssociated wit

[
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length of exposure to the aircraft environment using job tenure as a proxy.




Methods

We surveyed flight attendants from two domestic U.S. airlines in 20@7compared the
prevalence of their health conditions to contemporaneous cohorts intibeal&lealth and
Nutrition Survey (NHANES), 2005-2006 and 2007-2008. We weighted the prevalence of
flight attendant conditions to match the age distribution in the NH&Ed compared the
two populations stratified by gender using the Standardized PregakRaiio (SPR). Far
leading health conditions in flight attendants, we analyzed theiassndetween job tenure
and health outcomes in logistic regression models.

Results

Compared to the NHANES population (n =5,713), flight attendants (n = 4,01 Bbload 3
3-fold increase in the age-adjusted prevalence of chronic brondesisite considerably
lower levels of smoking. In addition, the prevalence of cardiac sks@a female flight
attendants was 3.5 times greater than the general population tivbiteprevalence qf
hypertension and being overweight was significantly lower. Figtendants reported 2 |to
5.7 times more sleep disorders, depression, and fatigue, than the gepettation. Femalge
flight attendants reported 34% more reproductive cancers. Healthtiooedihat increasgd
with longer job tenure as a flight attendant were chronic broncheest disease in femalgs,
skin cancer, hearing loss, depression and anxiety, even after ragljiostage, gender, body
mass index (BMI), education, and smoking.

Conclusions

This study found higher rates of specific diseases in fliglgndants than the general
population. Longer tenure appears to explain some of the higher elipeagalence.
Conclusions are limited by the cross-sectional design and keasllFurther study is needed
to determine the source of risk and to elucidate specific exposeaasei relationships over
time.

Keywords

Flight attendant health, Occupational diseases in airliner cabin crght &liendant jobs,
Chronic bronchitis, Depression, Fatigue, Sleep disorders, Hearing loss, Heasé diSancer,
Second-hand tobacco smoke exposure

Background

The health of U.S. flight attendants, a workforce of 84,960 in 2012 [1]ntiabeen well
characterized. Change in the airline industry over the past fesadds has further
complicated the understanding of occupational health risks. Fliginidaties are older and
more diverse than in the past, and the job has changed dramd@¢3d]lyThe work now
includes longer flight times with quicker turnaround times betwemghtdl, circumpolar
navigational routes, increased passenger loads in new jumbo-sized phahéscreased
occupancy aboard all flights, and new security procedures. Tdms#tions may strain
customer relations [4,5], add to circadian rhythm disruption [6-8], atehsify known
occupational exposures such as the physical demands of work inteédstabin quarters,



cosmic radiation, cabin air contaminants, low pressure and humidity, ndsation, and
gravitational forces [9,10].

Investigation of the flight attendants’ occupational exposuresnigeli. Studies about the
potential effects of cosmic radiation and past exposure to tobamdaesn the aircraft cabin

provide some insights. The accumulated evidence weighs argualagdoflight attendants
being at higher risk of certain cancers, such as breast and askiers, although not all
studies support this finding [11-20]. In addition, flight attendants expastabaicco smoke

in the cabin were found to have higher rates of respiratory djsaliBeugh only a few

studies have followed respiratory outcomes much beyond the ear$yofehe smoking ban,
now over a decade old [21-26]. There are no recent studies that prefdeope and severity
of health conditions of flight attendants beyond a few survey studmgedi by either non-

random selection or low participation [9,21,27-30].

Importantly, a thorough understanding of occupational risk is needed surcently
employed flight attendants have been in their jobs longer thanreanpps airline workforce.
Longer tenure followed successful challenges to discriminéonyinations in the 1970s and
hiring freezes brought about by deregulation and consolidation in thstind2,3]. Longer
tenure very likely means longer exposure to potential occupatiopaidsa When exposure
data are not available for study subjects in an occupational coimgipyenent tenure or job
duration can serve as a surrogate for cumulative exposure to oooapdazards with the
assumption of a uniform exposure intensity, which does not changdraeesrtacross study
participants [31]. Several aviation studies use tenure as a fmogyposure [15], and tenure
often correlates with radiation exposure [32,33].

To address the gaps in information about flight attendant health, weateddularge, cross-
sectional survey of flight attendant health with three main git)<o profile prevalent health
conditions in flight attendants in a random sample of the population assugvey; (2) to

compare the health experience of flight attendants to a nbyioepresentative sample from
the National Health and Nutrition Examination Survey (NHANEShgisstandardized

prevalence ratios for health conditions that were included in both sureey (3) to

investigate the relationship between the most prevalent healthioardit flight attendants
and the duration of exposure to aircraft cabin environment using employememe as a
proxy for exposure time.

Methods

With the assistance of the Association of Flight Attendants-CWRAL-&IO0 union, we
surveyed flight attendants employed by two domestic carrierbasedd at any one of five
major city hubs in the west, central, and mid-eastern UnitetésStin 2007, we mailed
surveys to a random selection of the flight attendant population and supplemented tlge mailin
by distributing and collecting surveys at the airport hubs befayht flepartures or after
flight arrivals. To each flight attendant selected at random froian membership lists, we
mailed two surveys and two reminder postcards. Also, researciséesd the five target
airport hubs across the country and met some of those flight atteatteaidy contacted via
mail and reminded them to mail back or return the surveys directhetresearch team in the
field. In addition, new participants outside of the survey mailing gere recruited to
participate at the time of our on-site reminder/recruitmentpeagn. In the few cases of
duplicate surveys, such as when flight attendants completed a reaiesly and another



survey from the on-site airport distribution, we accepted only thieansurvey returned by
the flight attendant. In the final study sample, participanesctsd at random outnumbered
the participants we added at the airports 2:1. The Harvard Sdio®lublic Health
Institutional Review Board approved all protocols for human subjects.

The survey was constructed using standardized questions from otheyss(@@ob Content
Questionnaire [34], Centers for Disease Control — National CdoteHealth Statistics
(CDC-NCHS), National Health and Nutrition Examination Survey (WHES) (CDC-NCHS
2005-2008)) and feedback generated from focus groups and a pilot study sample.

To understand how the health of flight attendants compares to thealgpopulation, we
used data from the National Health and Nutrition Examination SuiiM§&ANES) for the
survey years 2005-2006 and 2007-2008. NHANES is a program from the Nationed foe
Health Statistics (NCHS) within the Centers for Dise@smtrol and Prevention (CDC).
NCHS designed the survey to obtain demographic, health, dietarjalaoratory data from a
representative sample of approximately 5,000 US residents evaryAfesa an extensive
side-by-side review of both flight attendant and NHANES survess,selected common
qguestions in the NHANES using data from the demographic, blood pressusntealth
status, medical conditions, sleep disorder, smoking, and household smokingssettihe
NHANES questionnaire (Additional file 1: Table S1). Most of the qaestbetween the FA
survey and NHANES questionnaire aligned to binary answer chaicgsdvalence (yes/no),
but the fatigue and depression variables contained slightly difféirast interval answer
choices. To estimate the prevalence for fatigue and depressionsedea conservative
approach and coded symptoms over the past week that occurred “evérydigsg)” in the
flight attendants as a “yes” for fatigue or depression, and oelgdtegory of “nearly every
day” over the past 2 weeks in NHANES as a “yes” for thesee saonditions. We weighted
the NHANES data by their four-year sample weights, primamming units, and strata
according to the NHANES analytic guidelines [35]. To matchctiaracteristics of the flight
attendants, we limited the NHANES respondents to participantsed® wld and over, a
family income to poverty ratio of 1 or greater, a high schod@gucation or greater, and
current employment.

To compare the two populations, we chose the Standardized Prevalgioc€SRR), which
is structured the same as a Standardized Mortality Ratio JSEIR indirect method of
standardization in epidemiology [36]. The SPR is weighted by age (183389, and> 60
years) and analyzed separately for males and females. HReisSa comparison of the
observed to the expected prevalence of disease. To calculateRhev8 use the prevalence
of a health condition in the flight attendant population as the obsenadcases, and the
expected total cases are calculated with the prevalence iolHANES survey applied to
the flight attendant population.

To test the relation between job exposures and the prevalenceadalis flight attendants,
we used logistic regression. To predict the odds of disease agthfere-year increment in
job tenure (years on the job), we stratified the analysis byegemdl adjusted for risk factors
such as age, education, body mass index and current smoking. Analysismydsted using

STATA statistical software, version 10 (StataCorp, College StationsJ.exa



Results

We collected 4,011 flight attendant surveys, which included 2,613 surveysrg&inse
rate) from flight attendants who were randomly selected tave@esurvey in the mail. In
addition, we collected another 1,398 surveys at the airports from amense sample of
flight attendants employed by the same airlines. In all, colected surveys from the
equivalent of one-third of all flight attendants on the airline payroll in the sdléctbs.

Sample characteristics

The characteristics of the flight attendants who responded suthey are shown in Table 1.
The mean age of the flight attendants was 47 years; mostfemale (80%) and 41% had
twenty or more years on the job. Over 90% had at least some cetlagation. Only 9% of
flight attendants described themselves as current smokers andL2Z¥tlyreported being
overweight. U.S. flight attendant jobs demand moderate flexibilitgtenmns of routes,
schedules, and seating capacity and layout according to differemst ayparcraft. In our
cohort, crew seemed to equally share work on both long and shortigatd #nd multiple
aircraft types. While there are differences in occupationpbgxes according to long haul
and short haul flights and type of aircraft, our survey could not aeptight attendants into
neat categories. Rather, half of the flight attendants in the survegr@asthat they worked a
combination of long and short segments; 33% stated that they worigdd segment, long
haul flights; 12% worked multiple segments in one duty period; agick #fittendants reported
working in multiple types of aircraft over the past 12 months.



Table 1 Characteristics of the flight attendant sample

Characteristic N Percentages with
95% confidence
intervals

Age (Mean =46.7 £9.8 S.D.) N = 3985

18 -39 24.6 (23.2-25.9)
40 -59 66.3 (64.8-67.8)
> 60 9.1 (8.2-10.0)

Gender N = 3981

Male 20 (19-21)

Female 80 (79-81)
Tenure as Flight Attendant N = 3685

< Byears 9.8 (8.9-10.8)

6 — 10 years 19.7 (18.4-21.0)

11 - 15 years 12.9 (11.8-14.0)

16 — 20 years 16.1 (14.9-17.2)

>20 years 41.4 (39-8 -43.0)
Education N = 3977

<high school diploma 0% (n = 3)

high school or GED 5.4 (4.7-6.1)

some college, no degree 35.7 (34.2-37.2)
two-year college degree 14.3 (13.2-15.3)

four-year college degree 36.6 (35.1-38.1)

graduate education 7.9 (7.0-8.7)

Current Smoker N =4011

No 91 (90.1-91.7)

Yes 9 (8.1-9.9)
Overweight/Obese N = 3877

No 87.8 (86.7-88.8)

Yes 12.2 (11.2-13.2)

S.D. = Standard Deviation

Comparing the randomly selected sample to the convenience samplal sitmweteworthy
differences (see Additional file 2: Table S2).

Health profile of flight attendants

Frequently reported acute and chronic health conditions (reportet Bast 15% of all
participants) are listed in Table 2. These conditions fall intcera¢ major categories:
respiratory, neurological, musculoskeletal, auditory, dermatolpg&ad general systems
(anxiety/depression, sleep problems, bloating and high blood pressure).



Table 2 Prevalence of health conditions reported by at lead5% of flight attendants

Percentage of flight attendants Total

(95% confidence intervals) Number
A. FREQUENT SYMPTOMS: lasting 5-7 days
(OVER PAST WEEK)
Sinus congestion 29.0 (27.6 — 30.5) 3,789
Bloating 25.2 (23.8 - 26.6) 3,750
Fatigue 27.3(25.9 - 28.7) 3,817
Anxiety 20 (18.7 — 21.3) 3,778
Back pain 27.7 (26.3 —29.1) 3,787
Foot pain 28.5(27.1 - 30.0) 3,775
Shoulder/elbow/wrist/hand pain 29.4 (28.0 — 30.9) , 792
Generalized muscle aches 23.3(21.9-24.7) 3,775
B. NOTABLE CONDITIONS: needing medical attention
(OVER PAST 12 MONTHYS)
Reactive airways/sinusitis/allergies 54.7 (53.52% 3,850
Shortness of breath/reduced lung capacity 15.5(3246.7) 3,787
Other respiratory symptoms 14.6 (13.4 - 16.7) 3,436
Severe headache 23.4(22.1-24.7) 3,804
Numbness/tingling of extremities 17 (15.8 — 18.2) ,803
Dizziness/lightheadedness 19.4 (18.1 — 20.6) 3,796
Memory loss/Lack of concentration 14.7 (13.6 - }5.8 3,783
Fatigue 36.8 (35.3 -38.3) 3,809
Muscle weakness 16.3 (15.1 -17.5) 3,778
Joint aches/pains 33.3(31.8-38.8) 3,813
Rashes/hives 15.5(14.3 - 16.6) 3,805
C. DIAGNOSED CONDITIONS: told by a care provider
(EVER)
High blood pressure 16.7 (15.5-17.8) 3,882
Chronic bronchitis 15.6 (14.5-16.7) 3,910
Migraines 19.4 (18.2 — 20.6) 3,934
Hearing loss 17 (15.9 - 18.2) 3,853
Low back pain 52.6 (51.0 - 54.2) 3,861
Sleep disturbances 33.7(32.2-35.2) 3,852
Depression/Anxiety 36.3 (34.8 — 37.8) 3,851
Allergies 39.0 (37.5-40.6) 3,831

Health of flight attendants compared to general U.SPopulation

Table 3 compares the prevalence of health conditions found in bothighe dttendant
survey and a survey of the U.S. population (NHANES), adjusted for agetmatidied by
gender. The NHANES sample excluded unemployed respondents, thosethelpaoverty
line, and individuals with less than a high school education in order fkectrehe
characteristics of the flight attendants.



Table 3Prevalence of health conditions in NHANES survey (05 -2008) and flight attendants’ health survey (Zy)

NHANES Flight Attendants Standardized
Prevalence Ratio
(Age-adjusted)
Reported Health Gender % Weighted S.E. 95% S.E. 95% SPR 95%
Conditions Prevalence n Confidence Prevalence Confidence Confidence
Interval Interval Interval
cn (Cn cn
Respiratory Health
Allergiest Male 31.6 1201 1.7 27.9-35.2 35 766 1.7 31.6 - 38.5 11 1. 0.98-1.25
Female 43.2 1139 1.8 39.3-47 40 3035 0.89 38.2-41.7 89 0. 0.82-0.92
Asthmat Male 13.2 2432 0.82 11.5-14.8 12 781 1.2 9.8-14.5 94 0. 0.75-1.12
Female 15.7 2240 0.92 13.8-17.6 135 3104 0.6 12.38 14. 0.91 0.82-0.99
Chronic Male 3.6 2263 0.5 2.6-4.6 13.5 779 1.2 11.2-16.1 935 2.90-4.28
Bronchitist Female 5.1 2083 0.7 3.7-6.5 16.1 3099 0.7 14.8-17.4 527 2.51-2.99
Current Male 23.6 2262 1.0 21.6-25.7 13.2 802 1.2 10.9-158 0.38 0.31-0.45
Smoker Female 17.4 2086 1.2 15.0-19.7 8.1 3173 0.4 7.1-9.1 21 0. 0.18-0.23
Cardiac Health
Heart Male 2.3 2260 0.3 1.6-3.0 2.7 768 0.6 1.7-4.1 1.39 .7901.98
Diseaset Female 0.6 2084 0.2 0.1-1.0 2.5 3059 0.2 20-31 351 2.72 -4.30
High BPt Male 23.3 2433 1.1 21.1-25.6 25 773 1.6 22.0-28.2 0 1. 0.86-1.19
Female 22.3 2238 1.3 19.6 - 25.1 14.6 3077 0.6 13.3-15.9 0.54 0.49-0.58
Overweightt Male 28.3 2432 1.3 25.7-30.9 12.6 771 1.2 10.3-15.1 042 0.34-0.51
Female 33.8 2238 1.4 30.9 - 36.7 12.2 3075 0.6 11.1-134 0.33 0.30-0.37
Mental Health
Sleep Male 7.7 2432 0.6 6.5-9.0 31.6 766 1.7 28.3-35.0 93.6 3.22-4.15
Disordert Female 5.6 2237 0.6 4.3-6.8 34.2 3056 0.9 32.5-35.9 61 5. 5.27 -5.95
Fatigue* Male 3 2244 0.4 2.3-3.8 6.6 758 0.9 49-8.6 2.18 71.3.78
Female 5.9 2065 0.6 4.7-7.1 10.6 3028 0.6 9.6-11.8 31.8 1.63-2.03
Depression* Male 0.6 2243 0.2 0.2-1.0 3.7 761 0.7 25-53 5.67 S5737.77
Female 1.6 2065 0.4 09-24 3.8 2961 0.4 3.2-46 2.18 1.77 — 2.58
Other
Reproductive cancert Female 2.9 2080 0.5 2.0-39 5.0 3101 0.3 43-58 1.34 1.13-1.56

" Health conditions that were diagnosed by a health provider

* Symptoms that lasted almost everyday in the pastveeks as reported by respondent.



Compared to the general U.S. population, flight attendants reportedraased prevalence
of chronic bronchitis; males showed a 3.5 fold prevalence [SPR]esndlds showed 2.75
times the age-adjusted prevalence of chronic bronchitis. Thisage in chronic bronchitis
was remarkable given the lower prevalence of smoking in fligien@ants. In addition,

asthma and allergies were significantly less prevalergrmafe flight attendants. Male flight
attendants had similar prevalence rates of asthma and edlergmpared to the general
population.

Female flight attendants had a 3.5 fold increase in the reportealeneg of cardiac disease
compared to the NHANES population even though they had a significaniy [mevalence
of hypertension, smoking, and being overweight, known risk factors ot Hesease. The
prevalence of hypertension and cardiac disease in male ftigindants was similar to the
general population despite a significantly lower prevalence of being ogitvegid smoking.

Male and female flight attendants had 3.7 and 5.7 times the reportedepe of diagnosed
sleep disorders compared to the general population, adjusted for agditionafatigue and
depression in female flight attendants were about twice that of the NHANES papulat

Male flight attendants also had twice the expected prevalehdatigue, however, their
report of depression that occurred everyday or nearly everydayedha\s.7 times greater
prevalence compared to the general population.

Female reproductive cancers, including breast, uterus, and ovary,sigaigcantly more
prevalent in flight attendants compared to the general populatight #itendants showed a
thirty-four percent greater prevalence of these cancers.

Relation between health conditions and Job tenure

Given the increased reported prevalence of some health conditiolightnattendants, we
were interested to understand whether the reported prevalence efctrahtions changed
with longer exposure to the work environment, such as longer job tenureesidhé

association between job tenure and the prevalence of disease, mmezkanly those
conditions that were reported as diagnosed by a health provider momeimize the bias
of subjective report. Table 4 presents the frequently reportedatiag in flight attendants
compared to the general population. For the full results of NHAN&® £005-2006 and
2007-2008, please see the continuous NHANES selected bibliography [37].



Table 4 The relationship between job tenure and the prevalece of health conditions in flight attendants
adjusted for age, smoking, education, overweight

Condition Conditional 95% ClI Standard
Odds Ratio Error
per 5- year
tenure

Chronic Bronchitis

All 1.17 1.07-1.28 .05
Malel.43 1.14-1.79 .16
Femalel.11 1.01-1.23 .01
Heart disease
All 1.17 .95-1.45 13
Male0.95 .63-1.44 .20
Femalel.32 1.01-1.74 .18
High Blood Pressure
All 1.06 .98-1.16 .04
Malel.04 .89-1.22 .08
Femalel.13 1.02-1.25 .06
Sleep Disorder
All 1.05 .99-1.12 .03
Malel.13 .97-1.32 .09
Femalel.04 .97-1.12 .04
Hearing Loss
All 1.23 1.03-1.22 .05
Malel.12 1.02-1.23 .05
Femalel.13 .94-1.35 .10
Reproductive cancer
Female.91 0.79-1.06 .07
Skin cancer
All 1.30 1.13-1.49 .09
Malel.35 1.00-1.82 21
Femalel.27 1.10-1.48 10
Migraines
All 1.07 .99-1.15 .04
Malel.06 .84-1.33 A2
Femalel.04 .97-1.12 .04
Depression/Anxiety
All 1.08 1.02-1.16 .03
Malel.09 .933-1.27 .09
Femalel.07 .999-1.02 .04

Certain pulmonary and cardiac conditions showed an associationjohithenure. For
example, males had 43% greater odds and females had 17% grealitioral odds of a
diagnosis of chronic bronchitis for each five years of tenure, adffesting for age, smoking,
education, and being overweight. Longer tenure increased the risk ofliseade in females
by 32% for every five-year increase in tenure, although mhées no increased risk.
Interestingly, females also had an increased risk of high bloasyree with longer tenure
(13% increase for every five years on the job) while males showed no incriséased r

Other notable associations with tenure were skin cancer, héasgigand depression/anxiety.
Sleep disorders, migraines, and reproductive cancers in fematesnae associated with
tenure.



Discussion

To our knowledge, this is the largest survey of general healflight attendants with a
comparison to the larger U.S. population [9,21]. We found that, compared te@ribealy
population, flight attendants have an increased prevalence of a humbendifions, and
some of the leading diagnoses are associated with longer job, temeneafter adjusting for
other risk factors, such as age, smoking, education, and Body kides [BMI]. Thus,
several findings about flight attendant health warrant attentiomgUthe NHANES
population as a reference, allowed us to 1) compare the health adrtbealgpopulation of
the US to domestic flight attendants, 2) control for important &t&®acteristics (education,
poverty, and employment status) and 3) measure similar survejogsesithout limiting
the data to a comparison of one particular occupation.

In a review of studies on flight attendant health, researchers fbahdnbst studies are not
random samples, were conducted many years ago, rely on self-tequéstionnaire data,
and suffer from low response rates. While our response rate wast488s higher than we

expected and higher than the most recent large, random sample edna&bbert in 2007,

which yielded a response rate of 14% [23].

The higher than expected reported prevalence of chronic bronchitight dltendants adds
further support to studies that have found adverse respiratory outcorfightimttendants
associated with cigarette smoking before it was banned in-flighé recognition of
significant exposure to second-hand tobacco smoke (SHTS) in theleddm increasingly
stricter smoking bans from 1988 to 1999, at which time, 97% of flightsmd from the U.S.
were smoke-free [10]. As early as 1989, researchers found eléxatésiof urinary cotinine,
a tobacco metabolite, evident in crew members during post-flightdsef38]. Models
generated from cotinine dosimetry estimated that the fliggm@ants’ exposure to SHTS was
greater than 6 times that of the average worker and approkiniatetimes that of the
average person [39]. Moreover, at least one study confirmed compromis@dnary
function in 49 flight attendants who never smoked but worked in the aicataift before the
ban [40]. Considering that 41% of flight attendants in our study hadegréhan twenty years
on the job, their exposure to SHTS is likely to have been considenatdddition, the odds
of being diagnosed with chronic bronchitis, increased significavitly longer tenure, even
after controlling for other risk factors such as age, current smoking, BMI dacdteon.

Other recent studies of flight attendant health that limitecaneple to individuals without a
personal history of current or past cigarette smoking found incrgas&alence of chronic
bronchitis in the crew also. Beatty et al. (2011) compared agstadjprevalence of chronic
bronchitis in flight attendants to that in the general population inn@we of the NHANES

survey and found a prevalence of 11.7 percent in flight attendargasvér2 percent in
NHANES [21]. In addition, the prevalence of other respiratory illegsssuch as

emphysema/COPD and sinus problems was increased in flight atten@laese differences
were notable because the NHANES sample in the Beatty studly included unemployed
individuals with likely a higher prevalence of disease, such tiatunemployed sample
would include also those too sick to work. Although the researchers faspiratory

diseases to be elevated in flight attendants compared to thelgepration, the prevalence
of illnesses did not increase with tenure. This study was timitewever, by a small sample
size (n = 235), gross estimates of tenure (tenure in ten-yegamants), a relatively older
sample, (mean age of 58.2 years), and potentially biased respdressar(tple was openly
recruited to investigate respiratory health). Nonetheless, the oddiailyf respiratory



complaints, such as nasal congestion, or throat or eye irritatioreladéd to cold or hay
fever, were related to tenure in these never smokers.

A large study (n = 1,007) by Ebbert et al (2007) that selenteer smokers randomly found
an association between tenure and respiratory illnesses, sucimuagiss middle ear
infection, and asthma [23]. Prevalence of diagnosed chronic bronchinstdsthow the same
dose-response relationship with tenure, however, despite the highepieevahte of 30.8% in
this population. Importantly, this sample was selected for pre-198@risgr(older flight
attendants exposed to SHTS before the smoking bans) with only panthhg to the study
hypotheses, and the survey had a relatively low response rate of 14%.

Other cabin exposures besides past exposure to SHTS, may contabugspiratory
symptoms in flight attendants. Previous researchers investigaspiratery symptoms
associated with ozone toxicity, low humidity and cabin pressure, alitig other air
contaminants, to explain respiratory symptoms in crew [22,24,27]. Tash&if1&83) found
increased symptoms of ozone toxicity in crew during flights inrafiradesigned to fly at
higher altitudes while a later study found no difference in forwne-related symptoms
(coughing, chest tightness, shortness of breath and “breathing hthts)ghout the flight
[25]. Both of these studies investigated symptoms that occurredgt-inly without
consideration of possible delayed effects post-flight. Whelanl é2@03) found flight
attendants were more likely than teachers or blue-collar ke national survey to report
chest illness even though they were less likely than the compagatvps to report a
diagnosis of asthma [26]. Importantly, all of these studies were ctaalbefore smoking
was completely banned and no direct measurement of exposure was collected.

In the current study, reported cardiac disease prevalence.vasmes greater in female
flight attendants than the general population. The male flighhddints showed a higher
prevalence of cardiac disease as well, although, not signifitahis small number of male
flight attendants compared to female flight attendants (768 v8G&&). The finding ofiny
increase in cardiac disease prevalence was surprising, nongtlggles the lower reported
prevalence in the flight attendants of hypertension (femalegkisg) and being overweight.
This finding must be considered, also, in light of the slight differen¢he cardiac questions
between the flight attendant survey and the NHANES survey.fligig attendants were
asked if they had been diagnosed with “heart disease” and the NHAd¢p8ndents were
asked if they had been diagnosed with “coronary artery diseasese Thifferences may have
led to a misclassification of heart disease in both the fligtlendants survey and the
NHANES survey. In a sensitivity analysis, we found evidence of scoméusion about
cardiac diagnoses in that only 50% of respondents who reported @sisagh myocardial
infarction (heart attack) also reported a diagnosis of hearas#iséflight attendants) or
coronary artery disease (NHANES). In other words, myocardialrciida was not
interpreted as either “heart disease” or “coronary arteades’ half of the time, showing
some confusion about cardiac diagnoses. Notably, the prevalence of dgloicdarction in
both groups was very rare in this selection of employed populationseaitliy workers”.
Despite these limitations, heart disease in female fligihdants showed an exposure-
response relationship with tenure, as did hypertension, a majoradsk for heart disease,
even after adjustment for smoking, age, being overweight, and education.

Several other exposures in the cabin environmental have been assouiftecardiac
disease, including air pollution, noise, and sleep disruption. First, eeptsBHTS and
ozone, risk factors for respiratory disease, have been shown alsoréase the risk of



cardiac diseas¥. Second, recent evidence from population studies indicates that chronic
exposure to occupational noise may increase the risk for cardizasdi[41]. Airplane noise
has been measured at an average of 80 to 85 decibels [42], with loigherpsessure levels
during engine start and takeoff, and some researchers have notetkasddaisk of hearing
loss in cabin crew with exposures between 71 and 81 decibels [43]. $tudyy the reported
diagnosis of hearing loss in flight attendants showed a expospease relationship with
tenure after controlling for age and other factors. Third, ciatadisruption that results from
shift work and crossing time zones has been demonstrated in #ttgridants using
melatonin as a biomarker [44] and, based on new research, chronitacirdesruption may
increase the risk for cardiac disease [45,46]. In the current dtighy, attendants reported
significantly higher prevalence of diagnosed sleep disorders kigageneral public, even
though the exposure-response relationship with tenure was not signifisaddrscoring a
problem with sleep, 37% of the flight attendants surveyed reptidging sought medical
attention for frequent fatigue within the past year. Overall, aardisease in flight attendants
could be increased by a number of factors including air contamiimatits cabin, noise and
circadian disruption.

Although other studies have reported problems with fatigue and diepreiss flight
attendants, this is the first study to compare these reportsutis from a national sample,
such as NHANES. The higher than expected prevalence of fatiglidepression in flight
attendants was surprising, given that only flight attendantstmegdatigue and depression
everyday in the last week were compared with a decidedly mibegali definition in
NHANES; individuals experiencing these symptoms “nearly evagy th the past 2 weeks.
The different time interval and frequency criteria, such as, ydaymptoms in last week
(flight attendants) versus symptoms that occurred “nearly estayy over past 2 weeks
(NHANES) may be a conservative estimate of the fligtaratant experience in comparison.
Furthermore, a diagnosis of depression in flight attendants showeadarate exposure-
response relation with job tenure.

Previous research about cancer diagnoses in flight attendants péiceded by equivocal
findings. In our study, we found an increased reported prevalen@pmfductive cancers,
inclusive of breast, ovary, and uterus, in female flight attendemgsddition, the report of a
diagnosis of skin cancer in flight attendants was significaagiociated with tenure in the
job. These study results contrast with a recent study of canc&f,311 former flight
attendants which found no evidence for an increased occurrence et besecer or
melanoma, although, this study investigated only mortality raies ¢ohort considerably
different from our study sample [15]. In particular, the median &entiflight attendants was
only 5.9 years compared to our study in which 41.4% of the flight a@tesdhad more than
twenty years in the job. Nonetheless, Paridou et al. found also noeélavsit of cancer
mortality in a Greek cohort of 843 pilots and 1,835 cabin crew [14]. éntezphort study of
flight attendant health did not find breast cancer incidence (oitybversus mortality)
significantly different compared to NHANES, however, flight attents in this study were
not selected randomly and were not compared with employed persons loalNHANES
sample included unemployed persons too, a group less likely to be Health@ther cohort
studies of female flight attendants did find higher than exgeicteidence of both breast
cancer and melanoma [17] in California, Iceland and Sweden, althoeghetated risk of
breast cancer in Swedish crew was not significant and wasssotiated with length of
employment [13,16]. Further, two separate meta-analyses of publighdence studies also
found elevated risk for breast cancer and melanoma [11,18].



In considering the results of our study in total, it is importantecognize that a cross-
sectional survey study is not meant to explain cause and effgcthe higher than expected
age-adjusted prevalence of health conditions in flight attendants waogjdest that
occupational exposures may contribute to the problems. Our resulttheesdd.S. flight
attendant population and may not reflect the same experienceefarafrforeign airline
carriers. The SPR is an indirect standardization measure, anthdkéMR, should not be
compared across studies unless stratum specific ratios atg oeastant across strata or
when stratum specific population sizes are the same for the ataldreference population.
An additional limitation to this work is that both the FA survey aetected NHANES
guestions rely on self-reported health conditions; these data wereomoborated with
medical records due to the cost and scope of the work. Furthermore rdinathé&on to this
work is the use of tenure as a proxy for exposure; similar té aogsipational settings, the
flight attendants in this study likely do not have uniform exposures toverand between
participants.

Conclusions

This study has identified several significant health conditiofiggint attendants compared to
the general population and raises the important issue about what cloméo¢o minimize
risk. While smoking bans have limited some occupational exposures, quasions about
hazardous exposures still exist. Importantly, flight attendants dobawvet access to exposure
data such as cabin air quality, or noise and radiation levels. Campahemost of the U.S.
workforce, flight attendants are not covered by the OccupationttySand Health
Administration (OSHA) regulations. Instead, the Federal Aviati@miistration (FAA)
oversees health and safety protections. While both agencies hadve m@morandum of
understanding to work together to achieve equal worker protectioss\eral decades, only
recently (August 27, 2013) did FAA issue a final policy [47] to gW&HA patrtial
jurisdiction over flight attendant safety and health on aircr&ttisg with the application of
OSHA'’s rules for hearing protection, hazard communication, and blood-Ipathegens.
The FAA also formally acknowledged that OSHA's injury/ilinessardkeeping, employee
access to exposure records, and whistleblower protections already appgjittattendants.

Sleep disorders in flight attendants significantly affectedlyese in three flight attendants
in our study. This finding is important because of the consequencégdtih (particularly
the risk for cardiovascular disease), quality of life, productivagd public safety. Not
surprisingly, Congress called for the Civil Aeronautical Medicatitute (CAMI) within
FAA to study the problem in 2005 and 2008. CAMI researchers found that dibrsipep
activity between off-duty and on-duty work cycles resulted invamve chronic sleep
deprivation, fatigue, and decline in tests of cognitive performanmemna@ flight attendants
[7]. CAMI cited the key variables with the potential to redusk f fatigue as the total
length of duty day, number of flight legs/segments per day, rectiveeyin the hotel during
a trip, consecutive duty days/trip length, and number of days offtiveba trips. Although
not mentioned by CAMI, work factors such as the physical stresypfbaric hypoxia at
altitude [48], workload, and noise may fatigue also [49]. Currently, EAAsiders limits on
duty time for fatigue mitigation [50] choosing a focus on work/cgstes instead of the best
practices based on sleep/wake factors [8]. In all, the managemhefatigue and sleep
disruption still needs to be fully addressed by the airlines or the FAA.

Musculoskeletal pain is widely reported in our sample. Frequent ulosgeletal pain
reported by one-third of the flight attendants matches the sestilbther studies [51].



Importantly, no studies have tracked musculoskeletal complaints over time esgesdeads
have climbed along with population obesity, full occupancy policies, lsmphssenger
seating, and new baggage charges that influence the type andrrmairphssenger carry-on
bags. These changes may challenge crew who work in these restrimteduzters and may
increase their physical demands as they attempt to squeeze aeddelongings into tight
spaces. We know little about the consequences of these ergonomicorsndespecially
aboard new “Very Large Transport Aircraft” such as the Airbus @8the Boeing 787-10.
Future studies are needed in this area.

Finally, the prevalence of general neurological symptoms in anvo#eeihealthy worker
population is curious and potentially concerning. Reports of severadiess] dizziness or
lightheadedness, numbness and tingling in extremities, and menssyde difficult to

gauge because we did not have comparable survey questions in theESHANey or other
worker surveys. Potential exposures that have been associated wilogieal effects are
important starting points for future investigation and include exposureurotoxic oil-based
chemicals in the cabin air supply, hypoxia, and overexposure to pespi@ducts applied
either during or prior to some international flights.

In summary, the prevalence of certain health conditions in fliggm@ants is higher than the
general population and some of these conditions show an exposure-response relatitnshi
tenure. While FAA assumed the responsibility for the occupatiorédthhend safety of cabin
crew starting in 1975, the agency has published few regulatiorfigior attendants since
then, such that the scope of health protection programs for flitgridaints is limited in
comparison to other worker groups covered under OSHA.
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