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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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Table 1. Characteristics of flight attendants and teachers.

Teachers 
(N=236)

Flight attendants 
(N=1945)

N % N % P-value
Age at interview (years) <0.001
<35 46 19 546 28
35–39 55 23 741 38
40–44 60 25 430 22

45 75 32 228 12
Age at menarche (years) <0.001
<12 42 18 184 11
12–13 147 63 878 54

14 44 19 552 34
Missing 3 331

Body mass index (kg/m2) <0.001
Underweight 1 0.4 135 7
Normal weight 136 59 1600 83
Overweight 50 22 186 10
Obese 45 19 14 0.7
Missing 4 10

Household income (US$) <0.001
<50 000 50 22 339 18
50 000–74 999 91 39 495 26

75 000 91 39 1060 56
Missing 4 51

Number of pregnancies 0.04
0 31 13 326 17
1 52 22 345 18
2 77 33 533 28

3 73 31 730 38
Missing 3 11

Race/ethnicity 0.01
Non-Hispanic white 208 88 1582 82
Other 28 12 356 18
Missing 0 7

Study site 0.003
1 120 51 764 39
2 82 35 831 43
3 34 14 350 18

Smoking status 0.36
Current 20 8 150 9
Former 56 24 320 20
Never 160 68 1152 71
Missing 0 323

Job tenure as of 1 August 1992
Hired after this date 64 27 116 6 <0.001
0–4 years 51 22 1047 54
5–9 years 59 25 552 28

10 years 62 26 230 12

Table 2. Characteristics of flight attendants reporting and not 
reporting endometriosis.

No endometriosis 
(N=1854)

Endometriosis 
(N=91) 

N % N % P-value

Age at interview (years) 0.73
<35 520 28 26 29
35–39 709 38 32 35
40–44 406 22 24 26

45 219 12 9 10
Age at menarche (years) 0.34
<12 177 12 7 8
12–13 826 54 52 62

14 527 34 25 30
Missing 324 7

Body mass index (kg/m2) 0.17
Underweight 131 7 4 4
Normal weight 1517 82 83 91
Overweight 182 10 4 4
Obese 14 0.8 0 0
Missing 10 0

Household income (US$) 0.65
<50,000 326 18 13 14
50,000–74,999 470 26 25 27

75,000 1007 56 53 58
Missing 51 0

Number of pregnancies <0.01
0 299 16 27 30
1 324 18 21 23
2 508 28 25 27

3 712 39 18 20
Missing 11 0

Race/ethnicity 0.30
Non-Hispanic white 1504 81 78 86
Other 343 19 13 14
Missing 7 0

Study site 0.05
1 718 39 46 51
2 796 43 35 38
3 340 18 10 11

Smoking status 0.50
Current 143 9 7 8
Former 307 20 13 16
Never 1087 71 65 76
Missing 317 6

Job tenure as of 1 August 1992 <0.01
Hired after this date 111 6 5 5
0–4 years 1002 54 45 49
5–9 years 514 28 38 42

10 years 227 12 3 3
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Table 3. Associations between work characteristics, circadian 
disruption, and endometriosis. [95% CI=95% confidence interval; 
N=number of flight attendants (including all endometriosis cases); 
ORadj=odds ratio; Q=quartile]

N ORcrude 95% CI P-value ORadj
a 95% CI P-value

Average block 
hours per year

0.13 b 0.38 b

Q1 (26–455) 486 1.0 Ref 1.0 Ref
Q2 (456–631) 487 1.0 0.6–2.0 1.0 0.6–2.0
Q3 (632–754) 486 1.1 0.6–2.1 1.1 0.6–2.1
Q4 (755–1279) 486 1.4 0.8–2.5 1.2 0.6–2.2

Average flight 
segments per 
year

0.05 b 0.02 b 

Q1 (8–163) 484 1.0 Ref 1.0 Ref
Q2 (164–243) 487 1.6 0.8–3.2 1.5 0.8–3.1
Q3 (244–315) 488 1.7 0.9–3.4 1.8 0.9–3.5
Q4 (316–585) 486 2.0 1.0–3.8 2.2 1.1–4.2

Median flight 
segments per 
day

0.55 b 0.11 b 

1.0 426 1.0 Ref 1.0 Ref
1.1–2.0 1077 1.0 0.6–1.7 1.2 0.7–2.1
>2.0 442 1.2 0.6–2.2 1.8 0.9–3.9

Average hours 
flown in stan-
dard sleep inter-
val per year c

0.49 b 0.85 b 

Q1 (2–50) 453 1.0 Ref 1.0 Ref
Q2 (51–78) 452 1.3 0.7–2.3 1.4 0.8–2.5
Q3 (79–120) 452 0.9 0.5–1.8 0.9 0.5–1.8
Q4 (121–654) 452 1.0 0.5–1.9 0.9 0.5–1.7

Average time 
zones crossed 
per year c

0.75 b 0.49 b

Q1 (0–98) 452 1.0 Ref 1.0 Ref
Q2 (99–188) 452 1.1 0.6–2.2 0.9 0.4–1.9
Q3 (189–264) 452 1.4 0.8–2.7 1.1 0.5–2.4
Q4 (265–811) 453 1.4 0.8–2.7 1.0 0.5–2.3

Median time 
zones per flight 
segment c

0.72 d 0.34 d 

0 917 1.0 Ref 1.0 Ref
0.1–1.0 726 1.3 0.8–2.0 0.9 0.5–1.5
>1.0 166 0.9 0.4–2.0 0.6 0.2–1.6

a Adjusted for body mass index (continuous variable) and study site.
b Midpoint of category used to calculate P-value for linear trend.
c Restricted to flight attendants reporting no melatonin use in the past 12 

months.
d Midpoint of category used to calculate P-value for linear trend for lower 

2 categories; 1.5 times the lower bound used for the 3rd category.

Table 4. Associations between average annual absorbed radiation 
dose (μGy/year) and endometriosis. [95% CI=95% confidence 
interval; ORadj=adjusted odds ratio; Q=quartile]

N ORcrude 95% CI P-value ORadj
a 95% CI P-value

Total radiation c 0.55 b 0.88 b 
Q1 (25–466) 487 1.0 Ref 1.0 Ref
Q2 (467–638) 486 1.3 0.7–2.4 1.3 0.7–2.4
Q3 (639–828) 485 1.2 0.7–2.3 1.2 0.6–2.2
Q4 (829–2094) 487 1.3 0.7–2.3 1.0 0.5–1.9

Neutrons 0.66 b 0.92 b 
Q1 (5–101) 486 1.0 Ref 1.0 Ref
Q2 (102–139) 486 1.1 0.6–2.0 1.1 0.6–2.0
Q3 (140–175) 487 1.3 0.7–2.4 1.3 0.7–2.3
Q4 (175–490) 486 1.2 0.7–2.2 1.1 0.6–2.0

Muons 0.41 b 0.70 b 
Q1 (2–49) 486 1.0 Ref 1.0 Ref
Q2 (50–68) 485 1.3 0.7–2.4 1.3 0.7–2.4
Q3 (69–82) 488 1.5 0.8–2.8 1.5 0.8–2.9
Q4 (83–185) 486 1.3 0.7–2.5 1.2 0.6–2.3

Electromagnetic 
showers

0.53 b 0.80 b 

Q1 (13–254) 486 1.0 Ref 1.0 Ref
Q2 (255–351) 486 1.3 0.7–2.5 1.4 0.7–2.6
Q3 (352–467) 487 1.4 0.7–2.5 1.3 0.7–2.4
Q4 (468–1147) 486 1.3 0.7–2.5 1.0 0.5–2.0

Protons 0.61 b 0.88 b

Q1 (2–53) 487 1.0 Ref 1.0 Ref
Q2 (54–73) 486 1.1 0.6–2.1 1.1 0.6–2.2
Q3 (74–94) 485 1.5 0.8–2.8 1.5 0.8–2.7
Q4 (95–257) 487 1.2 0.6–2.2 1.0 0.5–1.9

Pions 0.50 b 0.93 b 
Q1 (0.2–3.9) 489 1.0 Ref 1.0 Ref
Q2 (4.0–5.3) 484 1.2 0.7–2.3 1.2 0.7–2.3
Q3 (5.4–6.9) 486 1.2 0.7–2.3 1.2 0.7–2.2
Q4 (7.0–16.4) 486 1.3 0.7–2.4 1.1 0.6–2.0

a  Adjusted for body mass index (continuous variable) and study site. 
b Midpoint of category used to calculate P-value for linear trend.
c The average yearly effective dose total radiation among flight attendants 

in this population had a median of 1472 microsieverts (μSv) and a 
range of 57–5032 μSv using proton weighting factor = 2. Effective dose 
is commonly used in studies of radiation protection.   



 Scand J Work Environ Health 2016, vol 42, no 1 59

Johnson et al

-

-

-
-

-

-

after -
before

-

-

Acknowledgements

Table 5. Associations between ergonomic factors and endometrio-
sis. [95% CI=95% confidence interval; N=number of flight attendants 
(including all endometriosis cases); ORadj=adjusted odds ratio].

N ORcrude 95% CI P-value ORadj
a 95% CI P-value

Lifting 15 lbs 
(times/day)

0.11 b 0.09 b

0–5 357 1.0 Ref 1.0 Ref
6–10 560 1.5 0.9–2.6 1.5 0.8–2.5
>10 693 0.7 0.4–1.3 0.7 0.4–1.3

Standing 
(hours/day)

· b · b

0–8 555 1.0 Ref 1.0 Ref
>8 1055 1.4 0.9–2.2 1.4 0.9–2.2

Bending 
(times/day)

0.42 b 0.46 b

0–50 567 1.0 Ref 1.0 Ref
51–75 365 1.0 0.6–1.7 1.0 0.6–1.7
>75 678 0.8 0.5–1.3 0.8 0.5–1.4

Pushing and 
pulling (times/
day)

0.17 b 0.17 b

0–19 490 1.0 Ref 1.0 Ref
20–30 327 0.9 0.5–1.6 0.9 0.5–1.6
>30 793 0.7 0.4–1.2 0.7 0.4–1.2

Overall  
physical effort

0.42 c 0.51 c

Light, 
moderate

575 1.0 Ref 1.0 Ref

Somewhat 
hard

832 1.0 0.6–1.6 0.9 0.6–1.5

Very hard 203 1.4 0.8–2.7 1.4 0.7–2.6
a Adjusted for body mass index (continuous variable) and study site.
b Midpoint of category used to calculate P for linear trend when upper 

boundary for the category was defined; 1.5 times the lower bound used 
when there was no upper boundary. P for trend are only presented for 
variables with 3 categories.

c Ordinal value corresponding to categories used to calculate P-value for 
linear trend
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