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Supplementary Table 1 Details of sleep behavior items

Sleep behaviors Questions Answers Used variables in the analyses

Sleep duration About how many hours sleep do you get in

every 24 hours?

number of reported hours Normal (i.e., 7 to <9h/day); Short or long
(i.e., <7h/day or 9h/day)

Chronotype Do you consider yourself to be? (i) definitely a “morning” person, (ii)

more a “morning” than “evening” person,

(iii) more an “evening” than “morning”

person, or (iv) definitely an “evening”
person

Early (i.e., definitely a “morning” person

or more a “morning” than “evening”

person); Late (i.e., more an “evening” than

“morning” person or definitely an
“evening” person)

Insomnia symptoms Do you have trouble falling asleep at night or

do you wake up in the middle of the night?

(i) never/rarely, (ii) sometimes, or (iii)

usually

Never/sometimes (i.e., never/rarely or

sometimes); Usually

Snoring Does your partner or a close relative or friend

complain about your snoring?

(i) yes or (ii) no Yes; No

Subjective daytime sleepiness How likely are you to doze off or fall asleep
during the daytime when you don’t mean to?

(e.g. when working, reading or driving)

(i) never/rarely, (ii) sometimes, (iii) often,
or (iv) all of the time

Never/rarely; Sometimes; Frequent (i.e.,
often, or all of the time)
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Supplementary Table 2 Percentage of variance explained by all principal components (PCs),

extracted from the multiple correspondence analysis

Components Variance explained (%) Cumulative variance explained (%)
1 23.12 23.12
2 19.26 42.38
3 18.21 60.59
4 16.07 76.66
5 13.90 90.56
6 9.44 100.00
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Supplementary Table 3 International Classification of Diseases (ICD) codes for diagnoses used in this
study

a Primary open-angle glaucoma
b Primary angle-closure glaucoma

ICD-9 ICD-10

Glaucoma
Any 365.0, 365.10, 365.11, 365.12,

365.21, 365.89, V80.1

H400-H402, H408, H409,

H42

POAGa 365.10, 365.11, 365.12 H401

PACGb 365.21 H402

Glaucoma (exclude PACG) 365.0, 365.10, 365.11, 365.12,

365.89, V80.1

H400, H401, H408, H409,

H42
Hypertension 401-405 I674, I10-I16

Diabetes 250 E10-E14

Sleep disorder 307.4 G47

Psychiatric disorders 290-319 F00-F99
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Supplementary Table 4 Crude incidence rates and hazard ratios with 95% confidence intervals for glaucoma among participants with different sleep patterns,
subgroup analyses by different characteristics, compared with individuals with healthy sleep pattern

Late chronotype sleep pattern Snoring and daytime sleepiness sleep pattern
Insomnia and short/long sleep duration sleep

pattern

Characteristics

No. of glaucoma in the
studied pattern (incidence
ratea)/ healthy sleep pattern

Hazard ratio (95%
confidence
interval)b

No. of glaucoma in the
studied pattern (incidence

ratea)/ healthy sleep
pattern

Hazard ratio (95%
confidence
interval)b

No. of glaucoma in the
studied pattern (incidence
ratea)/ healthy sleep pattern

Hazard ratio (95%
confidence
interval)b

Age at
recruitment, y

<53 290 (0.55)/363 (0.53) 1.04 (0.89-1.21) 88 (0.91)/363 (0.53) 1.41 (1.12-1.80) 129 (0.76)/363 (0.53) 1.23 (1.01-1.51)
54-61 711 (1.63)/1127 (1.66) 0.98 (0.89-1.07) 273 (2.10)/1127 (1.66) 1.16 (1.02-1.33) 434 (1.99)/1127 (1.66) 1.15 (1.03-1.29)
≥62 1503 (3.61)/2363 (3.68) 0.97 (0.91-1.03) 576 (3.87)/2363 (3.68) 1.03 (0.94-1.13) 833 (4.04)/2363 (3.68) 1.09 (1.01-1.18)

Sex
Female 1333 (1.74)/2055 (1.83) 0.97 (0.90-1.04) 1.07 (0.95-1.20) 1.07 (0.95-1.20) 829 (2.20)/2055 (1.83) 1.08 (0.99-1.17)
Male 1171 (1.89)/1798 (2.03) 0.98 (0.91-1.06) 1.13 (1.02-1.24) 1.13 (1.02-1.24) 567 (2.60)/1798 (2.03) 1.20 (1.09-1.32)

Race/ethnicity
White 2349 (1.79)/3645 (1.9) 0.98 (0.93-1.03) 819 (2.38)/3645 (1.9) 1.07 (0.99-1.15) 1312 (2.32)/3645 (1.9) 1.13 (1.06-1.20)
Others 155 (2.21)/208 (2.25) 0.98 (0.80-1.21) 118 (3.79)/208 (2.25) 1.41 (1.12-1.78) 84 (2.89)/208 (2.25) 1.11 (0.86-1.44)

Body mass index,
kg/m2

<18.5 8 (1.12)/29 (2.68) 0.45 (0.20-1.00) 2 (3.19)/29 (2.68) 0.94 (0.22-3.99) 3 (0.95)/29 (2.68) 0.38 (0.11-1.24)
18.5-24.9 814 (1.71)/1269 (1.80) 0.99 (0.90-1.08) 193 (2.56)/1269 (1.80) 1.11 (0.95-1.29) 390 (2.28)/1269 (1.80) 1.14 (1.02-1.28)
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25.0-29.9 1088 (1.84)/1682 (1.97) 0.97 (0.90-1.05) 383 (2.31)/1682 (1.97) 1.00 (0.89-1.12) 563 (2.36)/1682 (1.97) 1.12 (1.01-1.23)
≥30.0 578 (1.90)/859 (1.99) 0.97 (0.87-1.08) 354 (2.7)/859 (1.99) 1.22 (1.08-1.39) 433 (2.43)/859 (1.99) 1.15 (1.02-1.29)

Smoking status,
No. (%)

Never 1228 (1.67)/2102 (1.81) 0.95 (0.89-1.02) 467 (2.44)/2102 (1.81) 1.13 (1.02-1.25) 642 (2.14)/2102 (1.81) 1.06 (0.97-1.16)
Ever 1268 (1.97)/1741 (2.07) 1.00 (0.93-1.07) 464 (2.54)/1741 (2.07) 1.07 (0.96-1.18) 749 (2.56)/1741 (2.07) 1.18 (1.09-1.29)

Physical activity
Low 426 (1.89)/507 (1.83) 1.07 (0.94-1.21) 159 (2.41)/507 (1.83) 1.10 (0.92-1.32) 226 (2.20)/507 (1.83) 1.08 (0.92-1.26)
Moderate 848 (1.77)/1327 (1.94) 0.95 (0.88-1.04) 323 (2.56)/1327 (1.94) 1.11 (0.98-1.26) 455 (2.43)/1327 (1.94) 1.16 (1.04-1.29)
High 739 (1.67)/1327 (1.83) 0.94 (0.86-1.03) 283 (2.46)/1327 (1.83) 1.13 (0.99-1.29) 426 (2.30)/1327 (1.83) 1.16 (1.04-1.30)

IOPc, mmHg
<21d 285 (1.14)/482 (1.35) 0.87 (0.75-1.01) 146 (2.07)/482 (1.35) 1.29 (1.07-1.56) 170 (1.62)/482 (1.35) 1.09 (0.92-1.31)
≥21e 232 (6.49)/372 (7.57) 0.92 (0.78-1.09) 73 (7.18)/372 (7.57) 0.92 (0.71-1.18) 116 (7.64)/372 (7.57) 1.01 (0.82-1.25)

History of
hypertension

No 2190 (1.69)/3430 (1.82) 0.97 (0.91-1.02) 793 (2.36)/3430 (1.82) 1.11 (1.02-1.20) 1158 (2.18)/3430 (1.82) 1.12 (1.05-1.20)
Yes 314 (3.53)/423 (3.31) 1.06 (0.91-1.22) 144 (3.76)/423 (3.31) 1.06 (0.88-1.28) 238 (3.70)/423 (3.31) 1.13 (0.96-1.32)

History of
diabetes

No 2413 (1.77)/3729 (1.88) 0.98 (0.93-1.03) 865 (2.38)/3729 (1.88) 1.08 (1.00-1.16) 1304 (2.26)/3729 (1.88) 1.12 (1.05-1.19)
Yes 91 (3.94)/124 (4.07) 0.96 (0.73-1.26) 72 (5.91)/124 (4.07) 1.44 (1.07-1.93) 92 (5.02)/124 (4.07) 1.27 (0.97-1.68)

aPer 1000 person-years
b Cox model was used to estimate hazard ratios, adjusted for birth year, sex, race/ethnicity, Townsend deprivation index, educational attainment, body mass index,
alcohol status, smoking status, physical activity, history of hypertension, and history of diabetes.
c Intra-ocular pressure measured at baseline.
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d for both eyes.
e for either eye.

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-063676:e063676. 12 2022;BMJ Open, et al. Sun C



7

Supplementary Table 5 Crude incidence rates and hazard ratios with 95% confidence intervals for glaucoma among participants with different sleep patterns when
additionally adjusting for nor sub-grouping participants by the diagnosis of sleep or psychiatric disorders

Derived sleep patterns

Any glaucoma
Primary open-angle glaucoma

(POAG)

Primary angle-closure glaucoma

(PACG)
Glaucoma excluding PACG

No. (%) of cases

(incidence ratea)

Hazard ratiob

(95%

confidence
interval)

No. (%) of

cases (incidence
ratea)

Hazard ratiob

(95%

confidence
interval)

No. (%) of cases

(incidence ratea)

Hazard ratiob (95%

confidence interval)

No. (%) of cases

(incidence ratea)

Hazard ratiob (95%

confidence interval)

By additionally adjusting for the presence of sleep/psychiatric disorders during follow-up
Healthy sleep pattern 3853 (1.92) Ref 942 (0.47) Ref 486 (0.24) Ref 3565 (1.77) Ref

Late chronotype sleep pattern 2504 (1.81) 0.96 (0.91-1.01) 622 (0.45) 1.00 (0.90-1.10) 321 (0.23) 0.99 (0.86-1.14) 2320 (1.68) 0.96 (0.91-1.02)

Snoring and daytime

sleepiness sleep pattern
937 (2.50)

1.07 (1.00-1.15)
243(0.65)

1.16 (1.01-1.34)
101 (0.27)

1.03 (0.83-1.28)
882 (2.35)

1.08 (1.00-1.16)

Insomnia and short/long sleep
duration sleep pattern

1396 (2.35)
1.09 (1.02-1.16)

307 (0.52)
1.05 (0.92-1.20)

190 (0.32)
1.12 (0.94-1.33)

1289 (2.17)
1.09 (1.02-1.16)

Ptrend 0.0011 0.41 0.22 0.0012

By restricting to participants without sleep/psychiatric disorder at baseline (N=397,993)
Healthy sleep pattern 3767 (1.91) Ref 927 (0.47) Ref 477 (0.24) Ref 3486 (1.77) Ref

Late chronotype sleep pattern 2422 (1.79)
0.97
(0.92-1.02)

608 (0.45)
0.99
(0.90-1.10)

315 (0.23)
1.00 (0.87-1.16)

2240 (1.66)
0.97 (0.92-1.02)

Snoring and daytime

sleepiness sleep pattern
889 (2.47)

1.09
(1.01-1.17)

232 (0.64)
1.15
(0.99-1.33)

97 (0.27)
1.06 (0.85-1.32)

836 (2.32)
1.09 (1.01-1.18)

Insomnia and short/long sleep

duration sleep pattern
1315 (2.32)

1.11
(1.04-1.19)

290 (0.51)
1.03
(0.90-1.18)

176 (0.31)
1.12 (0.94-1.34)

1217 (2.15)
1.12 (1.05-1.19)

Ptrend 0.00039 0.29 0.20 0.00039

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-063676:e063676. 12 2022;BMJ Open, et al. Sun C



8

aPer 1000 person-years
b Cox model was used to estimate hazard ratios, adjusted for birth year, sex, race/ethnicity, Townsend deprivation index, educational attainment, body mass index,
alcohol status, smoking status, physical activity, history of hypertension, history of diabetes, and sleep disorder.
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Supplementary Table 6 Sensitive analysis of crude incidence rates and hazard ratios with 95%
confidence intervals for glaucoma among participants without night shift work (N=365,727)

Derived sleep patterns
No. of glaucoma in the
studied participants
(incidence ratea)

Hazard ratiob (95%
confidence interval)

Ptrend

Healthy sleep pattern 3598 (1.99) Ref

<0.0001

Late chronotype sleep pattern 2335 (1.90) 0.98 (0.93-1.03)

Snoring and daytime
sleepiness sleep pattern 842 (2.58) 1.08 (1.00-1.16)

Insomnia and short/long sleep
duration sleep pattern 1312 (2.47) 1.14 (1.07-1.21)

aPer 1000 person-years
b Cox model was used to estimate hazard ratios, adjusted for birth year, sex, race/ethnicity,
Townsend deprivation index, educational attainment, body mass index, alcohol status, smoking
status, physical activity, history of hypertension, and history of diabetes.
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