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Abstract

Objectives—This study aimed to (i) compare odds of endometriosis in a cohort of flight 

attendants against a comparison group of teachers and (ii) investigate occupational risk factors for 

endometriosis among flight attendants.

Methods—We included 1945 flight attendants and 236 teachers aged 18–45 years. 

Laparoscopically confirmed endometriosis was self-reported via telephone interview, and flight 

records were retrieved from airlines to obtain work schedules and assess exposures for flight 

attendants. We used proportional odds regression to estimate adjusted odds ratios (ORadj) and 95% 

confidence intervals (95% CI) for associations between exposures and endometriosis, adjusting for 

potential confounders.

Results—Flight attendants and teachers were equally likely to report endometriosis (ORadj 1.0, 

95% CI 0.5–2.2). Among flight attendants, there were no clear trends between estimated cosmic 

radiation, circadian disruption, or ergonomic exposures and endometriosis. Greater number of 

flight segments (non-stop flights between two cities) per year was associated with endometriosis 

(ORadj 2.2, 1.1–4.2 for highest versus lowest quartile, P trend= 0.02) but block hours (taxi plus 

flight time) per year was not (ORadj 1.2, 95% CI 0.6–2.2 for highest versus lowest quartile, P 

trend=0.38).

Conclusion—Flight attendants were no more likely than teachers to report endometriosis. Odds 

of endometriosis increased with number of flight segments flown per year. This suggests that some 

aspect of work scheduling is associated with increased risk of endometriosis, or endometriosis 

symptoms might affect how flight attendants schedule their flights.
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Endometriosis is one of the most common gynecological conditions resulting in 

hospitalization in the United States (1). Endometriosis occurs when endometrial tissue is 

present outside of the uterus, such as on the ovaries, fallopian tubes, or bladder (2). 

Menstrual bleeding at these sites causes inflammation and promotes tissue scarring and 

adhesion, leading to chronic pelvic pain and impaired fertility (2, 3). Women with 

endometriosis report a lower health-related quality of life than unaffected women and lose 

an average of nearly 11 hours per week of work productivity due to their symptoms (4).

The etiology of endometriosis remains poorly understood. Risk factors identified fairly 

consistently in epidemiologic studies include low body mass index (BMI), early age at 

menarche, short menstrual cycles, and lighter skin pigmentation (3, 5–7). Recently, a study 

identified women working as flight attendants as having a higher risk of endometriosis than 

women in other occupational groups, although the study was unable to investigate specific 

occupational risk factors that might be responsible for this increased risk (8). Flight 

attendants have a unique combination of occupational exposures – including cosmic ionizing 

radiation, circadian disruption, and ergonomic factors – that might influence reproductive 

health (9).

Spending much of their workday at commercial aircraft altitudes, flight attendants have 

greater exposure to ionizing radiation from cosmic and solar radiation than workers on the 

ground (9). The potential effects of chronic, low doses of cosmic ionizing radiation 

experienced by flight crew on risk of endometriosis are unknown. Flight attendants often 

work during their normal sleep hours or cross multiple time zones, leading to circadian 

disruption. Two studies have reported higher risks of endometriosis among women working 

night shifts compared to women working days, raising the possibility that circadian 

disruption is associated with endometriosis (10, 11). Job duties of flight attendants also 

include heavy lifting, pulling and pushing, and prolonged standing; these occupational 

ergonomic factors have not yet been investigated in association with endometriosis.

In this study, we compare the risk of endometriosis between flight attendants and a 

comparison group of teachers and examine occupational risk factors for endometriosis in a 

cohort of flight attendants.

Methods

We used data from a retrospective cohort study of reproductive health among female flight 

attendants, the original aim of which was to estimate cosmic ionizing radiation and circadian 

disruption exposures among flight attendants and their potential association with adverse 

reproductive health outcomes such as miscarriage and menstrual function (12). Female flight 

attendants aged 18–45 years were selected from employee lists from three US commercial 

airline hubs in Detroit, Miami, and Seattle. At the same time that the flight attendants were 

selected for the study, a comparison group of female classroom teachers (aged 18–45 years 

and teaching grades 5–12) was selected from rosters provided by local school districts in the 

same three geographic regions as the flight attendants. Although other occupational groups 

were considered for the comparison population, teachers were chosen because they are a 

female-dominated occupational group with infrequent air travel, they are exposed to few 
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reproductive health hazards at work, and there were detailed employment records available 

(13). Based on data from the Association of Flight Attendants and the 1988 National Survey 

of Family Growth, teachers and flight attendants were similar with respect to age, race, 

education, and parity, suggesting they would be an appropriate comparison group. Due to the 

higher risk of respiratory infections with close contact with younger children, teachers of 

younger students were excluded because of the original study’s secondary aim to investigate 

respiratory infections.

Eligible women worked for at ≥1 month as a flight attendant or teacher during the study 

period of 1 August 1992 to 31 July 1996. Because the primary objective of the study was to 

investigate pregnancy-related outcomes, only women who were married and who had not 

had a hysterectomy or tubal ligation prior to 1 August 1992 were included. Between 1 

November 1999 and 30 April 2001, potentially eligible women completed a computer-

assisted telephone interview to determine eligibility and, if eligible, to answer questions on 

their work duties, menstrual and reproductive histories (including endometriosis diagnosis), 

sleep habits, and sociodemographic characteristics. Figure 1 illustrates the timing of 

collection of various data elements in the study. The Institutional Review Board of the 

National Institute for Occupational Safety and Health approved this study. All participants 

provided informed consent.

Outcome

In the interview (1999–2001), women were asked: “Has a doctor ever told you that you had 

endometriosis?”. If the response was positive, they were asked the month and year of 

diagnosis and whether the diagnosis was confirmed by laparoscopy. Only laparoscopically-

confirmed cases with known dates of diagnosis were considered endometriosis cases.

Exposures

Individual flight records were obtained from study airlines for flights between 1 August 

1992 and 31 July 1996. The records included data about each flight segment (travel between 

two cities without stops) flown by each flight attendant during the study period. We also 

obtained data from the airlines on uncompensated passenger flights (flights taken at reduced 

cost) and obtained information from both airlines and self-report on commuter flights 

(flights used to commute to the airport of the flight attendant’s next worked flight), which 

made up approximately 15% of flight segments.

Work characteristics—Airline records (1992–1996) were used to determine the average 

number of block hours (airborne plus taxi time) flown per year, the average number of flight 

segments flown per year, and the median number of flight segments flown per flight day for 

each flight attendant. Block hours for uncompensated passenger flights and commuter 

flights were unavailable from the airline records, and so the median block hours for that 

route, based on the work flight segments, was used for these estimates.

Circadian disruption—We calculated two measures of circadian disruption using airline 

records (1992–1996): number of time zones crossed (without regard to travel direction), and 

hours of travel during the standard sleep interval (time spent flying between 22:00–08:00 
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hours in the time zone of the flight attendant’s domicile) (14, 15). From these measures, 

three metrics were created: the average number of time zones crossed per year, the median 

number of time zones crossed per flight segment, and the average yearly hours of flight 

during the standard sleep interval.

Radiation—From airline records (1992–1996), we estimated the dose of galactic cosmic 

ionizing radiation (background radiation originating outside the solar system) flight 

attendants experienced during each flight segment using the Federal Aviation 

Administration’s computer program CARI6P (screen version 9/17/2005) (16). To do this, 

regression models of a previously described algorithm were used to create CARI inputs from 

work histories (15, 17). For each flight segment, the following data were obtained directly 

from records, calculated, or estimated using the regression models: date flight began, origin 

and destination cities (city pairs), block hours, and local arrival and departure times. We 

separately estimated absorbed dose in microgray (µGy) and effective dose in microsieverts 

(µSv, proton weighting factor = 2) for electromagnetic showers, muons, neutrons, pions, 

protons, and total absorbed dose (15, 17). Yearly dose estimates were calculated by dividing 

the cumulative dose from the flight records by the number of years of flight records 

available. Estimation of galactic cosmic radiation dose was completed for more than 99.9% 

of 1 984 285 flight segments. We did not include radiation from solar particle events in the 

yearly average radiation dose estimates because these are transient sources of radiation and 

only two were assessed between 1992 and 1996 (18).

Ergonomic factors—During the interview (1999–2001), participants were asked to report 

their overall physical effort at work (very light, somewhat light, moderate, somewhat hard, 

very hard), occupational lifting of ≥15 pounds (<1, 1–5, 6–10, >10 times per day), standing 

and walking at work (<1, 1–4, 5–8, >8 hours per day), bending (<1, 1–25, 26–50, 51–75, 

>75 times per day), and pushing or pulling ≥15 pounds at work (<1, 1–9, 10–19, 20–30, >30 

times per day).

Statistical analysis

We used a time-to-event analysis with months as time scale. Time zero was assigned as the 

flight attendant’s date of birth to take into account effects of age in the time scale. We 

calculated person-months at risk using as a start date age in months at either 30 days past 1 

August 1992 or 30 days past the hire date (whichever came later) and, as the end date, the 

age in months at endometriosis diagnosis or censoring event (which ever came first). Women 

were censored at the date of whichever of the following events occurred first: interview, 

termination of employment, hysterectomy or oophorectomy, last menstrual period (if 

menstrual periods had ceased), or age 45 (proxy for the beginning of the peri-menopausal 

period and therefore the end of the risk period for endometriosis). Women who reported 

non-laparoscopically-confirmed endometriosis were not considered endometriosis cases; 

they were included in the analysis and censored at their date of diagnosis. The 30-day delay 

in counting person-time was included because participants had to be employed for ≥1 month 

before being eligible for the study.
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To create a cohort of women at risk for endometriosis and working as of 1 August 1992, we 

excluded women from the analysis for the following reasons: did not fly during the study 

period (N=19); missing date of birth (N=1); missing hire date (N=49); hire date was after the 

study period ended (N=67); did not answer question on endometriosis diagnosis (N=2); date 

of endometriosis diagnosis missing for cases (N=7); endometriosis diagnosis date for cases 

was before the study start date (N=112); endometriosis diagnosis date for cases was before 

the hire date (N=1); date of hysterectomy was before the hire date (N=1); missing 

hysterectomy date (N=1); if menstrual periods had ceased, the last menstrual period was 

before the hire date (N=4), before the study start (N=3), or the date of last menstrual period 

was missing (N=19); or flight attendants’ work history was too inconsistent or had too many 

gaps to estimate metrics (N=135) (figure 2).

Crude and multivariable discrete-time proportional odds models were fit in PROC PHREG 

with the TIES=DISCRETE option in SAS 9.3 (SAS Institute, Cary, NC, USA) to handle tied 

failure times. We conditioned on age at start of the study period to account for left 

truncation. We estimated odds ratios (OR) and 95% confidence intervals (95% CI) for 

associations between each exposure and endometriosis. We tested the proportional odds 

assumption by including a time-dependent interaction term in the model and performing a 

Wald type 3 chi-square test, with P<0.05 indicating violation of the assumption. P for linear 

trend was calculated using either the midpoint of each category (continuous variables) or a 

set of ordinal variables corresponding to the categories (categorical variables) in the 

regression model. If a continuous variable category had no upper bound (eg, >1.0), we used 

1.5 times the lower bound.

There are few established risk factors for endometriosis, meaning that our choice of potential 

confounders to include in the model was driven in part by the literature and in part by the 

results of our bivariate analyses. Based on the existing literature, we included BMI as a 

potential confounder (19, 20). Based on associations seen in our data, we also considered 

study site, parity, and job tenure as potential confounders. However, using directed acyclic 

graphs (DAG) we found that parity was likely a collider and job tenure was likely a proxy 

for exposure; neither was a confounder and therefore we did not include them in the model. 

Age was implicitly taken into account in the model time scale. Women with missing values 

for BMI were excluded from adjusted models (10 flight attendants, 4 teachers).

First, we compared odds of endometriosis diagnosis between flight attendants and teachers. 

Then, we investigated occupational exposures and endometriosis, restricting the dataset to 

flight attendants only. This restriction was made because detailed exposure assessment was 

not available for radiation exposure, amount of work, and circadian disruption for teachers. 

In the analyses of circadian disruption (travel during sleep period, time zones crossed), we 

excluded 136 flight attendants who reported taking melatonin supplements within the past 

12 months. In the analyses of ergonomic factors, we excluded 335 flight attendants who 

were no longer working as flight attendants during the interview period; the interview asked 

about ergonomic factors in the respondent’s currently held job, not specifically her work as a 

flight attendant.
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We conducted a sensitivity analysis in which we excluded women who had been employed 

for <1 year as a flight attendant or teacher during the study period (22 flight attendants, 24 

teachers). This could be because they started their job late or left it early in the study period, 

or both. Information on the date the women left work was only available for the flight 

attendants and so our analysis assumes that teachers remained employed through 31 July 

1996.

Results

Of the 5096 flight attendants contacted to participate in the study, 2595 were eligible for 

inclusion. For teachers, 1582 were contacted and 466 were eligible for inclusion. Among the 

2226 (86%) flight attendants and 376 (81%) teachers who completed the interview, 

following exclusions, we included 1945 flight attendants (median of 94 person-months at 

risk, range: 2–105) and 236 teachers (median 84 person-months at risk, range: 11–104) in 

our first analysis. A total of 99 laparoscopically-confirmed endometriosis cases were 

reported in the interview (91 among flight attendants, 8 among teachers).

Table 1 shows characteristics of the flight attendants and teachers in the study population. 

Compared to teachers, flight attendants were younger, had later age at menarche, lower 

BMI, higher income, were more likely to be nulliparous, were less likely to be of non-

Hispanic white race/ethnicity, were more likely to be recruited from study site 2, and were 

more likely to have a job tenure of 0–4 years. Flight attendants were no more likely to report 

endometriosis than teachers (adjusted OR 1.0, 95% CI 0.5–2.2). In sensitivity analysis, after 

excluding women who worked for <1 year during the study period, the adjusted OR was 1.4 

(95% CI 0.5–3.5).

Among the 1945 flight attendants, women reporting an endometriosis diagnosis (N=91) had 

fewer pregnancies, were more likely to be recruited from study site 1, and were more likely 

to have a longer job tenure than women who did not report an endometriosis diagnosis, but 

these groups were otherwise similar on other examined characteristics (table 2).

The total number of flight segments flown per year was associated with higher odds of 

endometriosis (adjusted OR 2.2, 95% CI 1.1–4.2 for quartile 4 versus quartile 1, P for 

trend=0.04) and a suggestive association was found for the median number of flight 

segments flown per flight day (adjusted OR 1.8, 95% CI 0.9–3.9 for >2.0 versus 1.0 

segments/day, P for trend=0.11) (table 3). Another measure for amount of work aside from 

flight segments worked is block hours worked; block hours per year was not associated with 

endometriosis (adjusted OR 1.2, 95% CI 0.6–2.2 for quartile 4 versus quartile 1). No 

association was observed with time zones crossed per year, but there was a suggestive 

inverse association with time zones crossed per flight segment (adjusted OR 0.6, 95% CI 

0.2–1.6 for >1.0 versus 0 time zones/segment). There was also no linear association between 

average number of hours flown during the standard sleep hours and endometriosis, although 

the estimate for quartile 2 was elevated (adjusted OR 1.4, 95% CI 0.8–2.5 for quartile 2 

versus quartile 1, P for trend=0.85). Because it could influence work schedule, we stratified 

the analysis by parity (nulliparous versus parous): there was insufficient sample size to 

derive stable estimates for nulliparous women only, and the results for parous women were 
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similar to the results for all women (data not shown). Sensitivity analyses excluding women 

contributing <1 person-year during the study period yielded similar results to the original 

analysis (results not presented).

Absorbed dose radiation metrics appeared weakly associated with endometriosis, but not in 

a linear dose– response fashion; the second and third quartiles often had the largest effect 

estimates (table 4). Low power and wide CI limited our ability to further interpret the results. 

The strongest associations were observed with muons (adjusted OR 1.5, 95% CI 0.8–2.9, 

quartile 3 versus quartile 1, P trend=0.70), electromagnetic showers (adjusted OR 1.4, 95% 

CI 0.7–2.6 quartile 2 versus quartile 1, P for trend=0.80), and protons (adjusted OR 1.5, 95% 

CI 0.8–2.7, quartile 3 versus quartile 1, P trend=0.88) (table 4). Analyzing the radiation 

metrics as continuous variables or dichotomizing at the median did not change interpretation 

of results (data not shown). CI were also too wide for the analyses of ergonomic factors, 

which had the strongest associations with endometriosis for lifting (adjusted OR 1.5, 95% CI 

0.8–2.5, 6–10 versus 0–5 times/day, P trend=0.09), standing (adjusted OR 1.4, 95% CI 0.9–

2.2, >8 versus 0–8 hours/day), and physical effort (adjusted OR 1.4, 95% CI 0.7–2.6, P for 

trend=0.51) (table 5). Sensitivity analyses excluding women with <1 year of contributed 

person-time during the study period gave similar results (results not presented).

Discussion

In this study investigating occupational risk factors for endometriosis among flight 

attendants, our results suggest that flight attendants have no higher risk of endometriosis 

than a comparison group of teachers. However, among the flight attendants, a greater 

number of flight segments flown per year was associated with increased odds of 

endometriosis.

Flight attendants have a relatively low BMI on average compared to the general population 

and other occupational groups; low BMI is a strong risk factor for endometriosis, which 

could explain why endometriosis might appear more common among flight attendants than 

other occupational groups. Finding a suitable occupational group for comparison with flight 

attendants is a challenge, not only because of differences in BMI distributions but because 

occupational exposures experienced by flight attendants differ substantially from workers on 

the ground. Cosmic radiation, crossing multiple time zones, and working at aviation altitude 

are exposures found in few other occupations, making internal comparisons an appropriate 

choice for investigating these types of occupational exposures. However, in our analyses 

restricted to flight attendants, we found little variation in variables such as BMI and some 

ergonomic factors, making it difficult to fully explore potential associations between these 

variables and endometriosis.

We found a dose–response association between average number of flight segments flown per 

year and endometriosis, with a greater number of segments associated with a higher 

likelihood of an endometriosis diagnosis. There was no strong association between block 

hours, a potential marker for work hours, and endometriosis. However, block hours is an 

imperfect measure of total work hours, because it does not include pre- and post-flight duties 

such as embarking and disembarking passengers. These activities might be a greater 
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contributor to total work hours for flight attendants flying multiple short flights per day (eg, 

greater numbers of segments per day), but less so for those flying single long-haul flights. It 

is possible that flight attendants with symptomatic endometriosis might choose different 

flight schedules than flight attendants without endometriosis, meaning that the association 

we found between flight segments and endometriosis could be a result of and not a cause of 

endometriosis. Flight attendants with endometriosis were less likely to have children than 

those without endometriosis (29% versus 16% nulliparous), and differences in childcare 

needs could be another factor influencing work schedule. Working a greater number of flight 

segments per day might be a more stressful and less desirable flight schedule than the long-

haul flights typically chosen by more senior flight attendants, but it has the advantage of 

allowing the flight attendants to spend fewer nights away from home.

There was no linear association between absorbed dose radiation metrics and endometriosis 

among flight attendants, although CI were wide and did not exclude the possibility of weak 

or non-linear associations. Biological plausibility for this association comes from a study of 

ionizing radiation in rhesus monkeys, in which female monkeys were irradiated with various 

doses of ionizing radiation consisting of protons, X-rays, and electrons (21). Over a 17-year 

study period, 53% of irradiated monkeys developed endometriosis, compared to 26% of 

nonirradiated monkeys. However, radiation in this experiment was of a higher dose and 

different composition than exposures aboard commercial aircraft, and, therefore, we might 

not expect the cosmic radiation experienced by flight attendants to have the same effect.

The biologic mechanism by which endometriosis occurs remains unknown. Several 

hypotheses exist, including retrograde menstruation (menstrual fluid and endometrial cells 

escape into the abdominal cavity, causing endometrial lesions), hormonal imbalances, and 

immune deficiencies (3). It is possible that occupational exposures could increase risk for 

endometriosis development, cause an earlier onset, or cause more severe symptoms. 

Endometriosis is a challenging outcome to evaluate in epidemiologic studies because several 

years can elapse between onset of symptoms and diagnosis, and many cases are never 

diagnosed (22). In our data, 75 (76%) of the 99 endometriosis cases occurred within five 

years of the start of the study period and 100% within eight years. If we had access to earlier 

flight records, it might have been feasible to incorporate a lag time into our analysis to 

explore further the impact of delayed diagnosis. Our measured outcome is therefore more 

accurately described as rate of diagnosis rather than disease. If any of our exposures are 

associated with healthcare-seeking behavior or timing of diagnosis, we might mistakenly 

conclude that these are risk factors for endometriosis. This might have occurred when we 

excluded 112 women because their diagnosis was before the study start date. Delays in 

diagnosis of endometriosis might mean that women who were quickly diagnosed with 

endometriosis are more likely to have been excluded, whereas women whose endometriosis 

was diagnosed after several years might be more likely to have been included. We did not 

have any information on the symptoms experienced by women with endometriosis, when 

they first began, or their severity, and we did not know if endometriosis was diagnosed based 

on symptoms or as a part of another medical evaluation (eg, infertility). Because we relied 

on self-report of laparoscopically confirmed endometriosis (in contrast to studies that 

include only women who have surgical confirmation of presence or absence of 

endometriosis), we expect misclassification of outcome in our study. Although we attempted 
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to create a cohort of women at risk for endometriosis at study baseline, it is possible that 

some of our incident endometriosis diagnoses were prevalent cases that had not yet been 

diagnosed. We would not expect substantial bias if the prevalence of prevalent cases does 

not differ by exposure status.

A unique strength of our study was the use of individual flight records for exposure 

assessment instead of proxy measures or self-reported exposures. This more precise 

exposure assessment reduced our chance of bias from nondifferential or differential 

exposure measurement error. A previous report showed that flight attendants tend to over-

report their number of block hours and flight segments when compared to company records 

(23), and similar measurement error is likely for our other self-reported exposures. Flight 

records afforded us a level of detail that would be difficult to achieve using proxy or self-

reported measures.

A limitation of our exposure assessment is that flight records were only available for a 4-

year period, 1992–1996. We assumed that the exposures during this period were 

representative of the flight attendants’ usual exposures over her career. However, flight 

attendants’ work patterns change over time; for example, flight attendants with seniority are 

more likely to fly longer overseas flights than colleagues with shorter job tenure. We 

excluded 135 flight attendants because their 4-year work histories were too inconsistent to 

reliably create annual metrics; however, the prevalence of endometriosis was similar in this 

excluded group (N=4, 3.0%) and the included women (N=99, 4.5%).

We assumed that the information collected on ergonomic factors during the interviews in 

1999–2001 was representative of the flight attendants’ exposures during the time they were 

at risk for endometriosis. Ergonomic conditions might have changed since the time of the 

interview in 1999–2001 to present day, and results might not be generalizable to current 

flight attendants’ work. Because date of endometriosis diagnosis was before the time of the 

interview (ie, information on both exposure and outcome were collected at the same time), 

recall bias is possible for exposures collected after endometriosis had already been 

diagnosed. If women with endometriosis were more likely to recall greater ergonomic 

exposures, we might expect bias away from the null. Given that most of our results for 

ergonomic exposures were null, this is an unlikely explanation for our results. Endometriosis 

symptoms also might cause women to avoid certain ergonomic exposures such as heavy 

lifting or standing for prolonged periods, meaning that exposures measured after 
endometriosis symptom onset might not be representative of exposures experienced before 
onset. This could disrupt detection of possible dose–response relationships, resulting in 

stronger associations being observed between lower ergonomic exposures than higher ones. 

For example, our results for standing had the greatest association with endometriosis in the 

middle category and an inverse association in the highest category; however, the wide CI 

makes it difficult to interpret these results.

In this study, we found that flight attendants were no more likely than teachers to report 

endometriosis. Flight attendants flying a greater number of segments per year and per day 

were more likely to report an endometriosis diagnosis than those flying fewer segments. 

Better understanding of the reasons for this association will necessitate both more insight 
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into the work schedules or environments of flight attendants flying the greatest number of 

segments and further information on how an endometriosis diagnosis might affect a flight 

attendants’ work scheduling.
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Figure 1. 
Timeline of collection of exposures from airline records and questionnaire for flight 

attendants and teachers.
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Figure 2. 
Reasons for exclusion of flight attendants and teachers from the analysis. Last menstrual 

period (LMP) is date of last menstrual period if menstrual periods have ceased.
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