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Study Objective: There are some data to suggest that insufficient sleep, including short sleep duration and sleep disruption, may be associated
with an increased risk of cancer. We investigated the association between sleep duration and sleep disruption and risk of prostate cancer.
Design: Prospective cohort study.

Setting: Sweden.

Participants: A total of 14,041 men in the Swedish National March Cohort.

Interventions: None.

Measurements and Results: Habitual sleep duration and sleep disruption were self-reported in 1997. Prostate cancer diagnoses, including lethal
(metastases at diagnosis or death from prostate cancer) and advanced (stage T4, N1, or M1 at diagnosis or death from prostate cancer), were
determined from linkage to nationwide cancer registries through 2010. We conducted Cox proportional hazards regression adjusted for potential
confounding variables. During 13 years of follow-up, we identified 785 cases of incident prostate cancer, including 118 lethal and 127 advanced
cases. Four percent of men reported sleeping 5 h or less a night, and 2% reported sleeping 9 h or more per night. We found no association
between sleep duration and risk of prostate cancer overall or for advanced/lethal disease. We also did not find an association between prostate
cancer and sleep disruption, as defined by difficulty falling asleep, difficulty maintaining sleep, sleep quality, and restorative power of sleep.
Conclusions: In this large prospective study from Sweden, we found no association between habitual sleep duration or sleep disruption and risk

of prostate cancer.
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INTRODUCTION

Insufficient sleep, including short sleep duration and sleep
disruption, is becoming increasingly prevalent worldwide, and
can lead to numerous health problems. Shift work involving
circadian disruption was classified as “probably carcino-
genic to humans” by the International Agency for Research
on Cancer (IARC) in 2007. Much of the data leading to this
conclusion were based on studies in breast cancer, with few
studies conducted in prostate cancer.

Circadian disruption is hypothesized to increase cancer risk
through at least three related pathways: (1) internal desynchro-
nization of circadian rhythms, (2) suppression of the pineal
hormone melatonin, and (3) inadequate sleep duration or sleep
disruption. Circadian rhythm disruption can impair physi-
ological, metabolic, and behavioral processes and may result
in tumorigenesis.'* Experimental studies provide evidence for
the role of the circadian system as a potential tumor suppressor
through cell cycle arrest, inhibition of cellular proliferation,
promotion of apoptosis, and anti-angiogenesis.*”’ In addition,
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sleep insufficiency may increase cancer risk through obstruc-
tive sleep apnea and resultant hypoxia, which has been as-
sociated with accelerated tumor progression and metastatic
potential #10

Few epidemiological studies, often hampered by small
sample size, have evaluated the association between sleep dura-
tion or sleep disruption and risk of prostate cancer, with varying
results. Two studies have found an increased risk of prostate
cancer for short sleep duration'-'? and another an increased
risk of advanced disease for men who report sleep problems."
Furthermore, evidence for an association between circadian
disruption and prostate cancer stems from studies showing an
association between shift work and prostate-specific antigen
(PSA), and melatonin suppression and prostate cancer.'* ¢

The primary aim of this study was to prospectively investi-
gate the association between sleep duration and sleep disrup-
tion and risk of prostate cancer in a large prospective cohort in
Sweden with detailed assessment of sleep characteristics.

METHODS

Study Population

The National March Cohort (NMC), established in Sweden
in September 1997, has been described in detail elsewhere."”
Briefly, the cohort includes participants in the National March,
a fund-raising event for the Swedish Cancer Society. Over
43,863 individuals completed and returned a 36-page ques-
tionnaire which included demographic, lifestyle, and medical
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information. Participants also included their national registra-
tion number (NRN), a unique identifier given to all Swedish
residents. Given the fundraising nature and almost 3,600
Swedish cities and villages participating in the event, the
number of individuals offered a questionnaire is unknown.

Men with valid NRNs were included in the study popula-
tion for this analysis (n = 15,673). We excluded participants
with a diagnosis of cancer before baseline (n = 867); who were
younger than 18 y (n = 609); invalid birthdates (n = 11); who
emigrated at the time of enrollment (n = 140); and who were
dead prior to enrollment (n = 5). Our final study population
included 14,041 men followed prospectively for prostate cancer
incidence until December 31, 2010. The study was approved
by the Research Ethical Review Board at Karolinska Institutet
and all study participants provided informed consent.

Assessment of Sleep Characteristics

The Karolinska sleep questionnaire was utilized to assess
sleep duration and sleep disruption.' Participants were asked
to indicate “On average, how many hours do you usually sleep
per day on workdays or weekdays?” and “On average, how
many hours do you usually sleep per day on nonworkdays?”
Response choices were: < 5, 5, 6, 7, 8, > 9 h. We redefined
sleep duration as <5 h, 6, 7, 8, > 9 h. We created a weighted
average, combining week/workdays and nonworkdays, where
week/workdays received a weight of five, and nonworkdays a
weight of two.

The questionnaire included 13 items related to sleep disruption.
The participants were asked during the past 12 mo how often
they had experienced: (1) difficulty falling asleep, (2) waking up
during the night with difficulty going back to sleep, (3) waking
up too early, and (4) restless sleep. Response choices included
never, rarely, sometimes, mostly, or always. We combined these
questions into a “sleep quality” variable, equal to “good” if par-
ticipants responded rarely or never to all four questions, “poor”
if they responded mostly or always to at least one of the four,
and “moderate” otherwise. Additionally, we combined (1) diffi-
culty falling asleep, (2) waking up during the night with difficulty
falling back asleep, and (3) sleeping medication use into a “severe
sleep problem” variable, and included waking up too early with
severe problems to create a “very severe sleep problem” variable.

We created a “restorative power of sleep” variable by com-
bining (1) difficulty waking up, (2) feeling unrested after
waking up, and (3) waking up fatigued. Good, moderate and
poor restorative power was defined similarly to quality. We
also combined (1) feeling sleepy during daytime and (2) dozing
off during daytime into a “daytime tiredness” variable. Snoring
was defined as frequent if participants responded sometimes,
mostly or always, and infrequent if never or rarely.

Follow-Up

Follow-up for cancer diagnoses and death information was
obtained by linking each participant to nationwide and com-
plete registries using their unique NRNs. After checking the
validity of the NRNs against the population register, prostate
cancer diagnoses were ascertained from the Swedish National
Cancer Register, information on date and cause of death from
the Swedish Death Register, and emigration from the Popula-
tion register. Information on tumor stage according to the TNM
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classification, Gleason score, and PSA level was obtained from
the National Prostate Cancer Register (NPCR)."

For this analysis, we assessed total prostate cancer incidence,
and because accumulating evidence suggests that lethal and in-
dolent prostate cancer may have distinct etiologies,?** we sep-
arately evaluated advanced (stage T4, N1, or M1 at diagnosis
or death from prostate cancer), lethal (metastases at diagnosis
or death from prostate cancer) and high-grade (Gleason score
8-10) cancers (Table S1 and Figure Sl1, supplemental material).
We followed participants from October 1, 1997 until prostate
cancer diagnosis, death, emigration or end of follow-up (De-
cember 31, 2010), whichever came first.

Statistical Analysis

We compared covariate distributions across categories of
sleep duration and sleep disruption, reporting means and stan-
dard deviations for continuous covariates, and percentages
for categorical variables. We compared each sleep duration
category to 8 h per night. We used Cox proportional hazards
regression models to calculate hazard ratios (HRs) and 95%
confidence intervals (95% Cls), using age as the underlying
time scale. Scaled Schoenfeld residuals were used to test the
proportional hazards assumption; no deviations of model as-
sumptions were found.

In multivariable models, we adjusted for body mass index
(BMI) (continuous), employment status (employed, unem-
ployed, retired, other), snoring (frequently, infrequently, un-
certain), smoking (never, former, current), monthly alcohol
consumption (none, < 218 g, 219-513 g, > 514 g), depressive
symptoms (yes, no), physical activity (< 34.32 metabolic
equivalent (MET-h), 34.33-46.36 MET-h, > 46.37 MET-h),
coffee intake (none, 1-3 cups/day, 4—6 cups/day, > 7 cups/day),
multivitamin use (yes, no), and diabetes (yes, no). P values for
trend were determined using the median value within catego-
ries of sleep duration. We evaluated the presence of interaction
of the association between sleep duration and prostate cancer
by snoring, sleep disruption, coffee consumption, and daytime
tiredness. We created multiplicative interaction terms and
statistical significance was determined by comparing models
with and without the interaction using a likelihood ratio test.
We also evaluated evidence of interaction on the additive scale
using Relative Excess Risk due to Interaction (RERI).? Finally,
we performed stratified analyses by the same factors.

To evaluate the association between sleep disruption and
prostate cancer, within each sleep disruption domain, we com-
pared “sometimes” and “mostly/always” to “never/rarely”, re-
spectively. For sleep quality and restorative power of sleep, we
compared moderate and poor to good, respectively. We also
cross-classified sleep duration and feeling unrested, sleep
quality, and restorative sleep, respectively, to evaluate the joint
effect of sleep duration and disruption on prostate cancer risk.

We performed several secondary analyses to compare with
previous studies, including categorizing sleep duration as < 6
h and > 9 h compared to 7-8 h,"" and evaluated risk of fatal
prostate cancer (death from prostate cancer) after restricting
follow-up to 8 y.!?

All analyses were performed using SAS version 9.4 (SAS
Institute, Inc; Cary, NC, USA). All P values were two-sided,
with a value < 0.05 considered to be statistically significant.
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RESULTS
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more likely to be retired and there-
fore have no working hours, and
were more likely to report depressive
symptoms. We did not find mean-
ingful differences by BMI, snoring,
or smoking. As shown in Table S2
(supplemental material), men who
reported sleeping 5 h or less were
more likely to take sleeping medi-
cations, and report problems falling
asleep, staying asleep, early morning

Figure 1—Risk of prostate cancer associated with combinations of sleep duration and restorative power
of sleep among participants in the Swedish National March Cohort, Sweden, 1997-2010. *Hazard ratios
(HRs) are compared to 68 h of sleep duration and good restorative power of sleep. HRs are adjusted
for: age (as time scale, body mass index (BMI) (continuous), employment status (employed, unemployed,
retired, other), snoring (frequently, infrequently, uncertain), smoking (never, former, current), alcohol use
(none, < 218 g, 219-513 g, = 514 g), depressive symptoms (yes, no), physical activity (< 34.3 metabolic
equivalent (MET-h), 34.3-46.4 MET-h, = 46.4 MET-h), coffee intake (none, one to three cups/day, four to
six cups/day, seven or more cups/day), multivitamin use (yes, no), and diabetes (yes, no).

Sleep Duration

awakening, and feeling unrested,;
they were also more likely to have poor restorative sleep.

In multivariable-adjusted analyses, sleep duration was not
associated with risk of any of our prostate cancer outcomes
(Table 2). However, sample size was low in extreme catego-
ries of sleep duration, particularly when prostate cancer was
broken down into subcategories. Adjustment for potential
confounders did not change our estimates from age-adjusted
models. Results were similar when we used 7 h per night as
the reference group and when we restricted the analysis to men
at least 40 y old at baseline (data not shown). For comparison
with other studies, we combined sleep duration as <6 hand >9
h, compared to 7-8 h per night."" We found no association with
overall prostate cancer (HR: 0.93, 95% CI: 0.76—1.14 for <6 h;
HR: 0.89, 95% CI: 0.54—1.49 for > 9 h), or with any of our other
prostate cancer outcomes (data not shown). Although restricted
by small numbers, we were unable to confirm an association
with fatal prostate cancer limited to the first 8 y of follow-up
(compared to 7 h: <5 h HR: 0.60, 95% CI: 0.17-2.07; > 9 h
HR: 0.43, 95% CI: 0.06-3.27). Finally, we found similar results
when we examined the association between sleep duration and
risk of prostate cancer with a 4-y lag period (data not shown).

Overall, 5,660 (41%), 6,990 (51%), and 1,170 (8%) men re-
ported good, moderate, or poor restorative power of sleep, re-
spectively. Men with poor restorative sleep had no statistically
significant increased risk of overall (HR: 1.23, 95% CI: 0.93—
1.62), lethal (HR: 1.53, 95% CI: 0.84-2.78) or advanced disease
(HR: 1.60, 95% CI: 0.90-2.84), compared to men with good re-
storative power (Table 3). The majority of men (70%, n = 9,748)
reported moderate quality of sleep, whereas 27% (n = 3,712)
and 3% (n = 384) reported good or poor quality of sleep, respec-
tively. We found no evidence for an association between quality
of sleep and prostate cancer risk (Table 3). We similarly did not
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find any significant associations with any of the prostate cancer
outcomes when we combined moderate and poor quality and
compared to good quality (data not shown). We also did not find
evidence for an association with restorative power or quality of
sleep when we combined moderate and poor categories together
and compared to good. We did not find an association between
prostate cancer risk and sleep disruption as defined by difficulty
falling asleep, difficulty staying asleep, early morning awak-
ening, and feeling unrested (Table S3, supplemental material).
Finally, severe and very severe sleep problems, as defined in a
previous study,” were not associated with any of our prostate
cancer outcomes (data not shown).

We did not find any statistically significant interactions be-
tween sleep duration and prostate cancer related to snoring,
sleep disruption, coffee consumption, and daytime tiredness on
either the multiplicative or additive scales (data not shown). To
further explore the potential impact of sleep on prostate cancer
risk, we cross-classified sleep duration and disruption (as de-
fined by restorative power of sleep). We did not find an asso-
ciation with overall prostate cancer for men with moderate/poor
restorative power of sleep who slept < 5 h per night (HR: 1.22,
95% CI: 0.79—1.88) or men who slept 9 h or more (HR: 1.16, 95%
CI: 0.57-2.34), compared to those who slept 6—8 h per night with
good restorative power of sleep (Figure 1). We also did not find
evidence of an association for the combination of sleep quality
and sleep duration with risk of prostate cancer (data not shown).

DISCUSSION

In this large prospective study, we found no association be-
tween sleep duration and risk of prostate cancer, either overall
or more advanced disease. In addition, we did not find a consis-
tent association with sleep disruption and risk of prostate cancer.
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Table 1—Baseline characteristics of the Swedish National March Cohort by sleep duration, 1997.
Whole Cohort <5h 6h 7h 8h 29h
Number of subjects, n (%) 12,976 (100) 533 (4) 4,106 (32) 5,571 (43) 2,559 (20) 207 (2)
Age, y, mean (SD) 51.5(16.9) 61.5(15.0) 48.3 (16.6) 51.2 (16.0) 54.7 (17.8) 58.0 (18.4)
BMI, mean (SD) 25.0 (3.1) 256 (3.8) 252 (3.2) 24.9(2.9) 24.9(2.9) 24.8 (2.9)
Energy consumption, kcal (SD) 1,941 (527) 1,947 (612) 1,978 (556)  1,919(501)  1,931(509) 1,919 (560)
Education, n (%)
9y 4,593 (36) 271 (51) 1,286 (32) 1,899 (34) 1,044 (41) 93 (45)
1M1-14y 2,522 (20) 117 (22) 857 (21) 1,053 (19) 455 (18) 40 (20)
15y 2,467 (19) 60 (11) 904 (22) 1,027 (19) 442 (17) 34 (17)
Other 3,206 (25) 72 (14) 998 (24) 1,527 (28) 572 (23) 37 (18)
Current employment status, n (%)
Employed 6,815 (53) 163 (31) 2,473 (60) 3,198 (57) 941 (37) 40 (19)
Unemployed 215(2) 10 (2) 80 (2) 77(1) 43 (2) 5(2)
Retired 3,575 (28) 278 (52) 756 (18) 1,358 (24) 1,060 (41) 123 (59)
Other 2,371 (18) 82 (15) 797 (19) 938 (17) 515 (20) 39 (19)
Snoring, n (%)
Frequent (Sometimes/mostly/always) 5,515 (43) 221 (41) 1,770 (43) 2,356 (42) 1,084 (42) 84 (41)
Infrequent (Never/rarely) 6,239 (48) 244 (46) 1,895 (46) 2,743 (49) 1,258 (49) 99 (48)
Uncertain 1,167 (9) 64 (12) 430 (10) 447 (8) 203 (8) 23 (11)
Work schedule, n (%)
No working hours 3,336 (26) 238 (45) 745 (18) 1,280 (23) 962 (38) 111 (54)
Daytime work 7,591 (59) 201 (38) 2,604 (63) 3,565 (64) 1,166 (46) 55 (27)
Shift work 688 (5) 20 (4) 339 (8) 236 (4) 84 (3) 9(4)
Other working hours 422 (3) 8(2) 166 (4) 164 (3) 81(3) 3(1)
Smoking status, n (%)
Never 7,273 (62) 258 (56) 2,213 (60) 3,231 (63) 1,461 (63) 110 (57)
Former 3,700 (31) 168 (36) 1,168 (32) 1,590 (31) 703 (30) 71(37)
Current 782 (7) 37 (8) 309 (8) 277 (5) 146 (6) 13(7)
Alcohol consumption, n (%)
None 1,340 (10) 62 (12) 371(9) 552 (10) 323 (13) 32 (15)
Low (=218 ) 3,780 (29) 179 (34) 1,130 (28) 1,589 (29) 814 (32) 68 (33)
Medium (219-513 g) 3,856 (30) 141 (26) 1,260 (31) 1,695 (30) 707 (28) 53 (26)
High (= 514 g) 3,946 (30) 148 (28) 1,326 (32) 1,717 (31) 701 (27) 54 (26)
Self-reported health status, n (%)
Very good 3,570 (28) 95 (19) 1,070 (27) 1,634 (30) 724 (29) 47 (23)
Good 6,989 (55) 255 (51) 2,238 (56) 3,038 (56) 1,362 (55) 96 (47)
Neither good nor poor 1,807 (14) 116 (23) 610 (15) 673 (12) 363 (15) 45 (22)
Poor 261 (2) 30 (6) 96 (2) 82 (2) 41(2) 12 (6)
Very poor 39(0.3) 4(0.8) 11(0.3) 13(0.2) 8(0.3) 3(1.5)
Depressive symptoms, n (%) 812 (6) 56 (11) 363 (9) 259 (5) 114 (4) 20 (10)
Total daily physical activity, n (%)
Low (< 34.3 MET-h) 4,288 (33) 168 (32) 1,296 (32) 1,818 (33) 924 (36) 82 (40)
Medium (34.3-46.4 MET-h) 4,388 (34) 166 (31) 1,334 (32) 1,967 (35) 858 (34) 63 (30)
High (= 46.4 MET-h) 4,300 (33) 199 (37) 1,476 (36) 1,786 (32) 777 (30) 62 (30)
Coffee intake, n (%)
None 1,413 (11) 34(7) 447 (11) 588 (11) 310 (12) 34 (17)
1-3 cups/day 6,265 (49) 286 (55) 1,809 (45) 2,753 (50) 1,315 (52) 102 (51)
4-6 cups/day 4,420 (35) 178 (34) 1,492 (37) 1,891 (34) 803 (32) 56 (28)
=7 cups/day 666 (5) 21 (4) 288 (7) 261 (5) 87 (3) 9(4)
Multivitamin use, n (%) 2,877 (22) 118 (22) 874 (21) 1,285 (23) 560 (22) 40 (19)
Diabetes, n (%) 408 (3) 45 (8) 110 (3) 159 (3) 85 (3) 9(4)
BMI, body mass index; MET, metabolic equivalent; SD, standard deviation.

Two previous studies have found significant associations non-statistically significant increased risk of prostate cancer
between sleep duration and risk of prostate cancer. The Oh-  for men who slept < 6 h per night and a 64% statistically signif-
saki National Health Insurance Cohort study found a 38% icant decreased risk of prostate cancer for men who slept >9 h
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<5h 6h

Overall, n cases 43 201
Multivariable-adjusted 0.92 (0.66-1.28) 0.93 (0.76-1.14)

Lethal, n cases 5 25
Multivariable-adjusted 0.71 (0.27-1.86) 0.97 (0.56-1.69)

Advanced stage, n cases 7 27
Multivariable-adjusted 0.91(0.39-2.08) 0.99 (0.58-1.69)

High grade, n cases 7 28
Multivariable-adjusted 0.94 (0.41-2.17) 0.95 (0.55-1.61)

Table 2—Association between sleep duration and prostate cancer, Swedish National March Cohort, Sweden, 1997-2010.

7h 8h 29h P trend
332 193 16

0.95(0.79-1.13) Ref. 0.89 (0.54-1.49) 0.56
59 27 2

1.37 (0.86-2.18) Ref. 0.71(0.17-3.00) 0.68
61 29 3

1.34 (0.85-2.10) Ref. 1.02 (0.31-3.37) 0.79
47 28 2

0.95 (0.59-1.53) Ref. 0.81(0.19-3.43) 0.91

Values presented as multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (95% Cls). Multivariable models adjusted for: age (as time
scale), body mass index (BMI) (continuous), employment status (employed, unemployed, retired, other), snoring (frequently, infrequently, uncertain), smoking
(never, former, current), alcohol use (none, < 218 g, 219-513 g, = 514 g), depressive symptoms (yes, no), physical activity (< 34.3 metabolic equivalent
(MET-h), 34.3-46.4 MET-h, = 46.4 MET-h), coffee intake (none, one to three cups/day, four to six cups/day, seven or more cups/day), multivitamin use
(yes, no), and diabetes (yes, no). Overall, incident prostate cancer; Lethal, metastases at diagnosis or death from prostate cancer; Advanced stage, T4 or
metastases at diagnosis or death from prostate cancer; High grade, Gleason 8-10.

Good Restorative

Table 3—Association between restorative power and quality of sleep and prostate cancer, Swedish National March Cohort, Sweden, 1997-2010.

Moderate Restorative

Sleep Power Sleep Power Sleep Power P trend
Overall, n cases 461 356 59
Multivariable-adjusted Ref. 1.00 (0.87-1.16) 1.23(0.93-1.62) 0.36
Lethal, n cases 83 54 13
Multivariable-adjusted Ref. 0.86 (0.60-1.23) 1.53 (0.84-2.78) 0.73
Advanced stage, n cases 89 57 14
Multivariable-adjusted Ref. 0.88 (0.62-1.24) 1.60 (0.90-2.84) 0.60
High grade, n cases 80 45 8
Multivariable-adjusted Ref. 0.78 (0.54-1.14) 1.02 (0.49-2.12) 0.40
Good Sleep Quality Moderate Sleep Quality Poor Sleep Quality P trend
Overall, n cases 230 622 (6%) 26 (7%)
Multivariable-adjusted Ref. 0.94 (0.80-1.09) 1.18 (0.78-1.78) 0.74
Lethal, n cases 42 108 1
Multivariable-adjusted Ref. 0.87 (0.60-1.25) 0.23 (0.03-1.66) 0.19
Advanced Stage, n cases 46 115 1
Multivariable-adjusted Ref. 0.87 (0.61-1.23) 0.22 (0.03-1.58) 0.17
High grade, n cases 38 92 4
Multivariable-adjusted Ref. 0.84 (0.57-1.24) 1.18 (0.42-3.35) 0.56

Values presented as multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals (95% Cls). Multivariable models adjusted for: age (as time
scale), body mass index (BMI) (continuous), employment status (employed, unemployed, retired, other), snoring (frequently, infrequently, uncertain), smoking
(never, former, current), alcohol use (none, < 218 g, 219-513 g, = 514 g), depressive symptoms (yes, no), physical activity (< 34.3 metabolic equivalent
(MET-h), 34.3-46.4 MET-h, = 46.37 MET-h), coffee intake (none, one to three cups/day, four to six cups/day, seven or more cups/day), multivitamin use
(yes, no), diabetes (yes, no), and sleep duration (£5h, 6 h, 7, h, 8 h, = 9 h). Overall, incident prostate cancer; Lethal, metastases at diagnosis or death from
prostate cancer; Advanced stage, T4 or metastases at diagnosis or death from prostate cancer; High-grade, Gleason 8-10.

Poor Restorative

per night, compared to those who slept 7-8 h per night; how-
ever, there was no association between short or long sleep du-
ration and risk of advanced or metastatic disease." The Cancer
Prevention Study-II found during the first 8 y of follow-up
that short sleep duration (3—5 h) was associated with a 64%
increased risk of fatal prostate cancer compared to 7 h/night."?
We were unable to replicate these results in this cohort; how-
ever, we had few fatal cases in the extremes of sleep duration.

Sleep disruption and risk of prostate cancer has been evalu-
ated in few studies. In a cohort of Icelandic men, those with
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problems falling asleep and staying asleep had an increased
risk of advanced prostate cancer, compared to men without
sleep disruption.” Other measures of circadian disruption,
such as shift work, have been associated with elevated PSA
levels and an increased risk of prostate cancer.'#>32° We were
unable to find an association between any of our sleep disrup-
tion domains and risk of prostate cancer.

Strengths of this study include the prospective design, detailed
assessment of sleeping characteristics, capturing of rich covariate
data to adjust for potential confounding, complete follow-up for
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prostate cancer incidence and mortality through linkage to na-
tionwide registries, as well as information on subtypes of pros-
tate cancer by stage and Gleason score. A limitation of this study
is that sleep duration and disruption may be subject to misclassi-
fication, since it was not objectively measured, but assessed from
patient responses; however, it is not feasible to validate in this
study population. We also lacked information on and were unable
to evaluate sleep disordered breathing and risk of prostate cancer,
which has been shown to be associated with increased cancer
mortality.”’” We did not have repeated measurements of sleep du-
ration or disruption to assess the potential impact of change in
sleeping habits during follow-up with risk of prostate cancer. We
also lacked information on history of PSA testing, which might
be correlated with sleep duration and disruption. However, pos-
sible confounding by PSA testing should affect primarily early
stage disease. Finally, we were limited by small sample size and
precision may have been insufficient to rule out relevant associa-
tions. Further research is needed including men in extreme sleep
categories, also allowing for sufficient latency between exposure
and outcome to rule out reverse causation.

In conclusion, we found no statistically significant associa-
tion between insufficient sleep, either short sleep duration or
sleep disruption, and risk of overall, advanced, or lethal pros-
tate cancer in this prospective cohort study in Sweden. Given
the mixed results of studies reported to date, further research
investigating the interplay between sleep duration, sleep
disruption, and risk of prostate cancer in large, prospective
studies should be conducted. In addition, future studies should
investigate the role of sleep disordered breathing in prostate
cancer initiation and progression.
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SUPPLEMENTAL MATERIAL

Table S1—Definitions of prostate cancer outcomes.
Outcome Definition Number of Cases
Overall Incident prostate cancer 785
Advanced Stage T4, N1, or M1 at diagnosis or died of prostate cancer before the end of follow-up 127
Lethal Metastases at diagnosis or died of prostate cancer before the end of follow-up 118
High grade Gleason sum 8-10 12
Table S2—Baseline sleep disruption characteristics of the Swedish National March Cohort by sleep duration, 1997.
Whole Cohort <5h 6h 7h 8h 29h
Difficulty falling asleep
Never/rarely 8,726 (67) 250 (47) 2,443 (60) 3,985 (72) 1,893 (74) 155 (75)
Sometimes 3,676 (28) 191 (36) 1,374 (34) 1,454 (26) 612 (24) 45 (22)
Most of the time 554 (4) 89 (17) 280 (7) 126 (2) 52 (2) 7(3)
Difficulty staying asleep
Never/rarely 7,907 (61) 165 (31) 2,327 (57) 3,614 (65) 1,677 (66) 124 (60)
Sometimes 4,393 (34) 214 (40) 1,485 (36) 1,792 (32) 824 (32) 78 (38)
Most of the time 636 (5) 150 (28) 283 (7) 153 (3) 45(2) 5(2)
Early morning awakening
Never/rarely 6,046 (47) 140 (27) 1,708 (42) 2,698 (49) 1,382 (54) 118 (58)
Sometimes 5,879 (45) 230 (44) 1,910 (47) 2,505 (45) 1,062 (42) 82 (40)
Most of the time 1,092 (8) 158 (30) 475 (12) 353 (6) 101 (4) 5(2)
Feeling unrested
Never/rarely 5,721 (44) 213 (40) 1,371 (33) 2,543 (46) 1,475 (58) 119 (57)
Sometimes 5,485 (42) 204 (39) 1,892 (46) 2,444 (44) 884 (35) 61 (29)
Most of the time 1,730 (13) 12 (21) 832 (20) 572 (10) 187 (7) 27 (13)
Sleep quality
Good 3,494 (27) 67 (13) 916 (22) 1,621 (29) 824 (32) 66 (32)
Moderate 9,068 (70) 401 (76) 3,033 (74) 3,816 (69) 1,682 (66) 136 (66)
Poor 360 (3) 62 (12) 143 (3) 113 (2) 38(2) 4(2)
Restorative sleep power
Good 5,182 (40) 193 (37) 1,209 (30) 2,359 (42) 1,321 (52) 100 (49)
Moderate 6,640 (51) 270 (51) 2,392 (58) 2,817 (51) 1,077 (42) 84 (41)
Poor 1,104 (9) 65 (12) 491 (12) 380 (7) 147 (6) 21 (10)
Sleeping medication use
Never/rarely 1,2512 (97) 459 (86) 3,936 (96) 5,427 (97.5) 2,490 (97) 200 (97)
Sometimes 324 (3) 48 (9) 125 (3) 102 (2) 47 (2) 2(1)
Mostly/always 17 (1) 25 (5) 40 (1) 30 (0.5) 17 (1) 5(2)
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Table S3—Multivariable-adjusted association (hazard ratios and 95% confidence intervals) between sleep disruption parameters and overall, lethal, and
advanced stage prostate cancer, Swedish National March Cohort, Sweden, 1997-2010.

Never/Rarely Sometimes Mostly/Always

Difficulty falling asleep

Overall Referent 0.95 (0.81-1.10) 1.17 (0.83-1.64)

Lethal Referent 0.84 (0.68-1.21) 0.63 (0.23-1.78)

Advanced stage Referent 0.85(0.60-1.22) 0.75(0.30-1.91)
Difficulty staying asleep

Overall Referent 0.97 (0.84-1.12) 0.90 (0.66-1.23)

Lethal Referent 1.00 (0.71-1.40) 0.65 (0.28-1.55)

Advanced stage Referent 0.95 (0.68-1.31) 0.80 (0.37-1.71)
Early morning awakening

Overall Referent 0.91(0.79-1.04) 0.97 (0.75-1.25)

Lethal Referent 0.76 (0.54-1.07) 0.79 (0.41-1.52)

Advanced stage Referent 0.78 (0.56-1.08) 0.91 (0.49-1.66)
Feeling unrested

Overall Referent 1.01(0.87-1.16) 1.15(0.90-1.47)

Lethal Referent 0.79 (0.55-1.14) 0.88 (0.46-1.68)

Advanced stage Referent 0.81(0.57-1.15) 0.92 (0.50-1.70)

Multivariable models adjusted for: age (as time scale), body mass index (BMI) (continuous), employment status (employed, unemployed, retired, other),
snoring (frequently, infrequently, uncertain), smoking (never, former, current), alcohol use (none, < 218 g, 219-513 g, = 514 g), depressive symptoms
(yes,no), physical activity (< 34.3 metabolic equivalent (MET-h), 34.3-46.4 MET-h, = 46.4 MET-h), coffee intake (none, one to three cups/day, four to six cups/

day, seven or more cups/day), multivitamin use (yes, no), diabetes (yes, no), and sleep duration (<5 h, 6h, 7h, 8, = 9h) .

Advanced

4

prostate cancer outcome.

Figure S1—Diagram of number of cases within each category of
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