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Background: Exposure to light at night
may increase the risk of breast cancer
by suppressing the normal nocturnal
production of melatonin by the pineal
gland, which, in turn, could increase
the release of estrogen by the ovaries.
This study investigated whether such
exposure is associated with an in-
creased risk of breast cancer in women.
Methods: Case patients (n = 813), aged
20-74 years, were diagnosed from No-
vember 1992 through March 1995;
control subjects (n = 793) were identi-
fied by random-digit dialing and were
frequency matched according to 5-year
age groups. An in-person interview was
used to gather information on sleep
habits and bedroom lighting environ-
ment in the 10 years before diagnosis
and lifetime occupational history. Odds
ratios (ORs) and 95% confidence inter-
vals (ClIs) were estimated by use of con-
ditional logistic regression, with adjust-
ment for other potential risk factors.
Results: Breast cancer risk was in-
creased among subjects who frequently
did not sleep during the period of the
night when melatonin levels are typi-
cally at their highest (OR = 1.14 for
each night per week; 95% CI = 1.01 to
1.28). Risk did not increase with inter-
rupted sleep accompanied by turning
on a light. There was an indication of
increased risk among subjects with the
brightest bedrooms. Graveyard shift-
work was associated with increased
breast cancer risk (OR = 1.6; 95% CI =
1.0 to 2.5), with a trend of increased
risk with increasing years and with
more hours per week of graveyard
shiftwork (P = .02, Wald chi-squared
test). Conclusion: The results of this
study provide evidence that indicators
of exposure to light at night may be
associated with the risk of developing
breast cancer. [J Natl Cancer Inst
2001;93:1557-62]

of breast cancer by suppressing the nor-
mal nocturnal production of melatonin by
the pineal gland, which, in turn, could in-
crease the release of estrogen by the ova-
ries (1,2). Studies of breast cancer and
measures of magnetic field exposure have
led to conflicting results [reviewed if8)].

To date, no study has investigated the re-
lationship between the risk of breast can-
cer and exposure to light at night as esti-
mated from characteristics of sleep habits
or bedroom environment. Shiftwork has
also been proposed to increase the risk of
breast cance(l), and four studieg4-7)
investigating this have all reported in-
creased risk among women who work
during the night.

The purpose of this study was to in-
vestigate whether the risk of breast cancer
is associated with exposure to light at
night as characterized by sleep habits,
bedroom lighting environment, and shift-
work in the 10 years before diagnosis and/
or residential exposure to power frequen-
cy magnetic fields. Results regarding
magnetic field exposure are described
elsewhere(8). This report presents the
primary findings regarding indicators of
light at night exposure.

SUBJECTS AND M ETHODS

Case patients were women aged 20—-74 years with
a new diagnosis of breast cancer (ICD-O site codes
174.0-174.9)(9) from November 1992 through
March 1995. Case patients were identified by the
Cancer Surveillance System of the Fred Hutchinson
Cancer Research Center, Seattle, WA, one of 10
population-based cancer registries funded by the
National Cancer Institute, Bethesda, MD, as part of
the Surveillance, Epidemiology, and End Results
(SEER} Program. Of the 1039 eligible case patients
identified, 813 (78%) agreed to participate. Control
subjects were women between the ages of 20 and
74 years with no history of breast cancer, selected to
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be equal in number to the case patients and freapproximately the midpoint of the dark period atthe control subjects for which the number of years
quency matched according to 5-year age groupsight(11).For ease of presentation, the sleep patterfl), and 3) worked at least one graveyard shift per
Control subjects were identified by random-digit di-that reflectsnot sleeping during this period will be week for 3 or more years.
aling with the use of a modification of the methodreferred to henceforth as “nonpeak sleep.” The three Previous analyses revealed that the following
described by Waksber@l0). Of the 20 148 phone variables included the following: 1) the number ofwere each statistically significanf¢.05, Wald
numbers dialed, 95% were successfully resolved ifights per week the subject experienced nonpeathi-squared test) risk factors for breast cancer in this
terms of determining whether the phone was resisieep, weighted over all sleeping patterns in the 18tudy (8): family history of breast cancer (mother
dential and whether an eligible woman lived in theyears before diagnosis; 2) ever having a sleepr sister), parity (number of full-term pregnancies),
household. Of 1053 eligible women selected as corpattern in the 10 years before diagnosis in which thever use of oral contraceptives, and recent (within
trol subjects, 793 (75%) agreed to participate.  sypject frequently experienced nonpeak sleethe last 5 years) discontinued use of hormone re-
Data Collection (frequent = three or more nights per week); andplacement therapy. Other breast cancer risk factors
3) the number of years during the 10 years befor@vestigated in earlier analysg8) included age
Data collection took place from April 1993 diagnosis that the subject had a pattern of frequerst first pregnancy, duration of lactation, early (<40
through December 1995. An in-person interviewnonpeak sleep. For each day of the week, the subjegéars old) bilateral oophorectomy, ever having
was used to ascertain information on known or suswas considered to have experienced nonpeak sleepifidergone an upper gastrointestinal x-ray series,
pected risk factors for breast cancer, such as reprehe reported the following: 1) turning off the lights alcohol consumption, and ever having been a
ductive history, family history of breast cancer, andio go to sleep at or after 2:00m, 2) rising for the smoker. Each of these factors was associated with
lifestyle factors (e.g., alcohol consumption and cigaday at or before 1:08m, or 3) not going to bed at all slight, marginally statistically significant effects
rette smoking). In addition, questions were includedi.e., she slept fewer than seven times per week, n¢t05<P<.10, Wald chi-squared test) on the risk of
to obtain details on sleep patterns and habits in thigcluding naps). breast cancer, but they were not included in the pres-
10 years before diagnosis (or reference date), light- Three variables characterized exposure to lighént analyses because of the relatively low numbers
ing characteristics of the subject's bedroom for alduring the subject’s night from either interruptedof exposed subjects to minimize the number of risk
homes occupied in the 10 years before diagnosisieep or the self-reported ambient light levels of thdactor combinations not present in all of the expo-
(or reference date), and lifetime occupational hispedroom: 1) reported number of times during thesure categories. Odds ratios (ORs) and 95% confi-
tory. Questions on sleep habits and bedroom chafignt that the subject got up and turned on a lightdence intervals (Cls) were used to evaluate relative
acteristics included the following: 1) the time thez) percentage of the SUbjeCt’S nlght that the “ghnsks using conditional logistic regressidi?2)
subject usually turned off the lights to go to sleepyas on, and 3) self-reported ambient light level o SAS/STAT Release 6.11; SAS Institute, Inc., Cary,
and the time she woke up, for each of the 7 days oke subject's bedroom during the night. Night wasNC). All models were conditional on 5-year age
the week; 2) the usual number of imes the subject §efineq as the time between turning off the lights tcstrata, with no adjustment for any covariates and
sleep was interrupted; 3) when sleep was intergo to sleep and waking up; thus, night was unique t&ith adjustment for the four factors listed above.
rupted, whether the subject typically turned on g, ., subject and sleeping pattern and was not assBbe results from the crude (unadjusted) and adjusted
light and, if so, for how long; and 4) ambient light .04 with clock time. Bedroom ambient light level analyses were essentially the same; therefore, only
level in the bedroom while sleeping. Subjects were, . . - idered to be a continuous variable witladiusted ORs are presented. Statistical significance
asked to classify the typical bedroom ambient ligh{, ;o5 1_6, corresponding to the six levels of inWas determined by the Wald chi-squared test.
level according tq the following six levels of da'_'k' creasing ambient light described above. All three
ness: 1) The subject wore a mask to keep out I'ghR}(’;\rit’:lb|65 were weighted over all sleeping patterns "RESULTS

g) Sﬁe Coull((jj not Seehher Zanfdh'n fgogt‘ Zf hﬁr facelt'ge 10 years before diagnosis (reference date).
) she could see to the end of her bed; 4) she cou Three variables characterized exposure to light

see across the room; 5) she could barely read; and ﬁ?ght from working the graveyard shift in the 103[5escriptive Characteristics
she could read comfortably. Subjects were allowe%i,ears before diagnosis: 1) ever worked during the

to repo}:t multip_le ‘pat;erns o;slee_z habits and_bgd_'raveyard shift, 2) hours per week worked during The in-person interview was com-
room characteristics for each residence occupied ify. graveyard shift based on a weighted average gleted for all 813 case patients and 793

the 10 years before diagnosis. The lifetime occup all jobs in the 10 years before diagnosis (referenc - - -
tional history consisted of every job the subject hel atje)’ and 3) nunﬁ’ber of years Wofked at(least on ontrol subjects. Complete information on

for 6 months or longer, including volunteer and mili- ¢ o e o shift per week (one shife 8 hours). sleep habits and bedroom characteristics
tary service. Details included beginning and_encgraveyard shift was defined as beginning work aftevas obtained for 808 case patients and
dates for each job, job fitle, full-time or part-time 7.4 .y ang leaving work before 9:08m. 788 control subjects (99% for both). His-
statu_s, and the percentage Of_ time wqr!(ed at day, A continuous measures of exposure were als¢ory of graveyard shiftwork in the 10
evening, or graveyard shift, using specific start anc!inalyzed as categorical variables to investigat?ears before diagnosis (reference date)

stop times in defining each shift. whether an exposure effect (or lack thereof) wWagyas obtained for 813 case patients and

The Fred Hutchinson Cancer Research Center IrH
ependent on the form of the dose-response rela;, . .
stitutional Review Board approved the procedureﬁogship with breast cancer. Except for begroom am?/92 control subjects. A more detailed

for contacting potential participants, obtaining in-p;q ¢ jight level and the number of years workedd€scription of the characteristics of case

formed consent, and all data collection procedures;; |oast one graveyard shift per week, continuoupatients and control subjects is provided

:;Iprartlmpgpts signed written informed consenty, nosure variables were categorized using quartileglsewhere(8). In brief, control subjects
efore participation. of the distributions of the control subjects who hadyere S||ght|y younger than case patients

Statistical Methods nonzero values. Bedroom ambient light levels wergyn |ess likely to have a family history of

categorized into three groups: 1) The subject re[‘[)reast cancer. Control subjects were more
Nine variables were defined before analysis tgorted wearing a mask or could not see hand infrorlfkely to havé used oral contraceptives

characterize various aspects of a subject’s exposuoé face (reference group), 2) the subject reporte
to light at night via sleep habits, bedroom lightingseeing the end of the bed or across the room, and &1d to have had four or more full-term
environment, and shiftwork. Using information onthe subject reported being almost able to read or regaregnancies (although the mean number
sleep habits, three variables were constructed tcomfortably. Because of the low number of exposedf full-term pregnancies was similar
characterize potential exposure to light-at-night bysubjects, the number of years worked at least ongmong case patients and control subjects:
not sleeping during the period of the night whengraveyard shift per week in the 10 years before di2.2 for case patients and 2.5 for control
nocturnal melatonin levels are typically at theiragnosis was divided according to the median rathe . .
highest. For the purposes of these analyses, the petilan quartiles, creating three groups: 1) no yearélJbJ.eCtS)' A 'OVYer prqportlon of control
period was defined to be between 1:00 and 2Q0 worked at least one graveyard shift per week (ref—SUbJ(:"C'[S had dlsco.ntlnued hormone re-
based on evidence that suggests nocturnal melatorémence group), 2) worked at least one graveyard shiRlacement therapy in the 5 years before
levels increase throughout the evening to peak gier week for fewer than 3 years (the median value othe reference date (diagnosis).
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Sleep Habits and Bedroom peak sleep were more likely to have evethose who experienced at least 2.6 nights
Environment used oral contraceptives (70%) than sulper week of nonpeak sleep were at an in-
jects who never experienced such a patreased risk for breast cancer (GR1.7;
Results of analyses between sleep haltern (61%) and were more likely to be95% Cl = 1.0 to 3.1), but there is no
its involving nonpeak sleep and breashulliparous (16% versus 13%, respecevidence of a trend of increasing risk with
cancer risk are shown in Table 1. Overalltively), although the mean number of full-increasing number of nightP(= .12,
most subjects (87.2% of the case patienterm pregnancies was similar among botivald chi-squared test). Table 1 also
and 88.5% of the control subjects) nevegroups (2.2 versus 2.4, respectively) (datghows that ever having a pattern of fre-
experienced a pattern of nonpeak sleep inot shown). Both those who had at leasguent nonpeak sleep in the 10 years be-
the 10 years before diagnosis. Of thosene pattern of frequent nonpeak sleep angre diagnosis was associated with a
subjects who did, the case patients rethose who did not had identical propor-jight increased risk (OR= 1.4; 95% ClI
ported more nights of nonpeak sleep petions of family history of breast cancer = 1.0 to 2.0) of breast cancer, but this
week than the control subjects (mean  (15%) and nearly identical proportions ofeffect was not statistically significant.
2.2 nights/week for the case patients angecently discontinuing hormone replaceowever, breast cancer risk was statisti-
1.7 nights/week for the control subjects)ment therapy (5% for the frequent NON<a|ly significantly associated with the
Of the subjects who reported having geak sleep group versus 6%). number of years in the 10 years before
sleep pattern of frequent (three or more Based on the measure of nights PEfliagnosis that the subject frequently ex-
nights/week) nonpeak sleep, case patientgeek of nonpeak sleep, there is an in: erienced nonpeak sleep (OR 1.09 for
reported spending more years of the 1@reased risk of breast cancer with eac ach year; 95% C¥ 1.02 to 1.18). When
before diagnosis experiencing this sleepdditional night of experiencing this sleepy "\ imber of years was treated as a cat-
pattern than did the control subjects (4.Dattern (OR= 1.14 for each night; 95% egorical variable, experiencing at least
years for the case patients and 3.4 yeaGl = 1.01 to 1.28). When this exposure, years of frequ’ent nonpeak sleep is as-
for the control subjects). Subjects whomeasure was analyzed as a categoric Bciated with a twofold increase in the
had at least one pattern of frequent nonvariable, there was some indication thal. :
risk of breast cancer. Although the third
guartile contained relatively few case pa-

tients and the point estimate of the OR
Table 1.0dds ratios for breast cancer risk among women who did not sleep when the nocturnal pe\ﬁés below unity there was evidence of a

melatonin level typically occurs trend of increasing risk with increasing

Case patients Control subjects _ number of years of frgquent nonpeak
95% confidence sleep P = .04, Wald chi-squared test).

Exposure No. %* No. %* Odds ratiot intervals Results of analyses between indicators
No. of nights/wkt of light exposure during the subject’s
Continuous 763 100 741 100 1.148 1.01t0 1.28 night and breast cancer risk are shown in
Quartied P=.03 Table 2. Among subjects who reported
Reference 665 87.2 656 88.5 _ _ having at least one sleep pattern in the
<0.6 22 2.9 23 3.1 1.0 05t01.8 10 years before diagnosis in which they
0.6-1.2 23 3.0 22 3.0 11 06t02.1 got up and turned on a light, both case
5;32'6 3230 42_'?? 1291 22_'(? 1170 fgtf;f patients and control subjects reported ap-
At least 3 nightsiwk pro_X|mater one episode per night
Everq (weighted average of the 10 years before
No 682 89.4 680 91.8 — — diagnosis). When they did get up and turn
Yes 81 10.6 61 8.2 1.4 1.0102.0 on a light, case patients and control sub-
N onimuous 763 100 741 100 1.098 10210118 1CIS reported similar proportions of the
P= 02 night with the light on (3% of the night
Quartiles# for both, weighted average of the 10
Reference 682 89.4 680 91.8 — — years). Ten-year weighted average bed-
<1.0 19 25 17 2.3 1.2 0.6t02.3 . : .
1.0-3.0 20 26 15 20 14 071028 room ambient light levels were similar
3.0-4.6 9 1.2 14 1.9 0.6 0.3t01.5 forcase patients and control subjects (am-
=4.6 33 4.3 15 2.0 5 2-30§1 12t04.2 bient light level= 3 for both, i.e., able to

see the end of the bed during the night).

. . . There was no association between the

*Percentage calculated from total number of case patients/control subjects with complete sleep and rﬁk

factor data (n= 763 case patients and 741 control subjects). ns i of ,bre_aSt Cance,r and any of the ,fOI'
tLogistic regression models conditional on 5-year age strata; odds ratios were adjusted for parity, @¥§jng indicators of light exposure during

history of breast cancer (mother or sister), oral contraceptive use (ever), and recent (<5 years) discontii@gubject’s night: 1) reported number of

use of hormone replacement therapy. times during the night that the subject got

tWeighted average over 10 years before reference date. up and turned on a light, 2) percentage of
‘§Statistical significance determined by the Wald chi-squared test. the subject’s night that the Iight was on,
|Quartiles computed from all control subjects for which sleep data were available and number of nigh . .
week # 0. Reference level is number of nights/week0. Py.,q = .12, Wald chi-squared test. %ﬁ%ﬁ 3) ,reported amb'e!"t light le.vel of the
fDuring the 10 years before reference date. SubJeCtS_ bedroom during the n_'ght' Ana-
#Quartiles computed from all control subjects for which sleep data were available and number of Y¥&#1g either the number of times that
+ 0. Reference level is number of yea#s 0. Pye,q = .04, Wald chi-squared test. the subject got up and turned on a light
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Table 2.0dds ratios for breast cancer risk and light at night cer significantly increased with each ad-
ditional hour per week (10-year weighted
95% confidence average) of graveyard shiftwork (OR

Case patients Control subjects

Exposure No. % No. %* Odds ratiot intervals 1.06 for each hour; 95% CE 1.01 to
Reported No. of times light on 1.13). Based on an anaIyS|_s that t.reats
Continuous 763 1000 741  100.0 1.03 0.90t0 1.18 hours per week as a categorical variable,
Quartilest there was a trend of increasing risk with
Rgfgrence ‘é%g g6é2 ;%4 1552-9 08 06101, MoOre hours per week of graveyard shift-
<0. . . . .6to1. _ -
03-08 94 123 84 113 11 0815 Work (P = .02, Wald chi-squared test).
0.8-1.3 93 12.2 78 10.5 11 0.8to1.6 Women who worked at least 5.7 hours per
=13 80 10.5 82 1.1 1.0 071014 week had more than a twofold increase in
Reported % time light on, % the risk of breast cancer (OR 2.3; 95%
Continuous 762 100.0 741 100.0 0.99 09710102 C| = 1.0 to 53) Breast cancer risk sta-
Quartiles§ it i Nifi i it i
Reference 435 570 416 56.1 . o tIStICEi"y significantly increased Wlt_h in
<0.4 36 11.3 83 11.2 1.0 07to1.4 Creasing number of years of working at
0.4-0.9 76 10.0 81 10.9 0.9 0.6to 1.2 least one graveyard shift per week (GR
9529 K 0 Jrio b4 1.13 for each year; 95% Ck 1.01 to
- 'd bient liaht level ' ' ' ' ©1.27). Based on an analysis of this mea-
Reported ambient light levels ; ;
Continuous 762  100.0 740 100.0 11 09to12 “dreasa categorlcal_varlabl_e, th_ere was
Groupg evidence of a trend of increasing risk with
1 94 12.3 88 11.9 — — more years of working at least one shift
2 633 831 627 84.7 1.0 071014 per week in the 10 years before diagnosis,
3 35 4.6 25 3.4 1.4 0.8102.6

but this trend was not statistically signifi-
P = .14, Wald chi-squared test).

*Percentage calculated from total number of case patients/control subjects with complete sleep, Ii&ﬁm
right, and risk factor data (a= 763 case patients and 741 control subjects).

tLogistic regression models conditional on 5-year age strata; odds ratios were adjusted for parity, f%@CUSSION
history of breast cancer (mother or sister), oral contraceptive use (ever), and recent (<5 years) discontinued . .
use of hormone replacement therapy. n increased risk of breast cancer was

+Quartiles computed from all control subjects for which sleep and light-at-night data were availablef41d among subjects who reported not

number of times# 0. Reference level is number of times 0. sleeping during the period of the night
§Quartiles computed from all control subjects for which sleep and light-at-night data were availablewgién nocturnal melatonin levels are typi-
percent time# 0. Reference level is percent time O. cally at their highest. This increased risk

1 and 2); group 2: subject reported seeing end of bed or across the room (ambient light levels 3 and 4) . .
group 3: subject reported being almost able to read or read comfortably (ambient light levels 5 and %Tg in the hlgheSt eXposqre group;.
reast cancer risk was also increased in

subjects who reported working the grave-

or the percentage of the night the lightone graveyard shift (one shi& 8 hours) yard shift at least some time in the 10
was on as a categorical variable did noper week (4.5 years for the case patientgears leading up to a diagnosis of breast
change the results. When bedroom ambiand 3.1 years for the control subjects)cancer, and there was clear evidence of a
ent light level was considered as a catRelative to subjects who never worked atrend of increasing risk with increasing
egorical variable, there was an indicatiorleast one graveyard shift per week, subyears of graveyard shiftwork and with
of an increased risk of breast cancejects who did were more likely to havemore hours per week of work during the
among subjects with the brightest bedever used oral contraceptives (76% versugraveyard shift. No relationship was
rooms, but this result was not statistically62%), less likely to have recently disconfound between the risk of breast cancer
significant (OR = 1.4; 95% Cl = 0.8 tinued hormone replacement therapy (3%nd the number of times the subject re-
to 2.6). versus 6%), and less likely to have a famported getting up and turning on a light or
ily history of breast cancer (10% versughe proportion of the night that this light
15%). The mean number of full-termwas on. There was, however, some indi-

Results of analyses between graveyardregnancies was similar among botttation of an increased risk among subjects
shiftwork and breast cancer risk areggroups (2.3 in the shiftwork group versuswith the brightest bedrooms.
shown in Table 3. Most subjects neveR.4 in the group who never worked at To date, no study of breast cancer and
worked the graveyard shift in the 10 yeardeast one graveyard shift per week), bulight at night has used measures based on
before diagnosis. Of those subjects whthe graveyard shiftworkers were moresleep habits or bedroom lighting environ-
worked at least some time during thdikely to be nulliparous (16% versusment as estimates of exposure to light at
graveyard shift, the case patients worked4%). night. Our findings are consistent with
more hours per week than the control sub- Women who worked the graveyardresults obtained from four studigd—7)
jects (7.2 hours/week for the case patientshift at least once in the 10 years beforshowing a relationship between the risk of
and 4.6 hours/week for the control subdiagnosis are at an approximately 60% inbreast cancer and shiftwork, two of which
jects, 10-year weighted average over altreased risk (OR= 1.6; 95% Cl= 1.0to (4,6)also reported increased risk with du-
jobs). During the 10 years before diagno2.5) for breast cancer compared withration of night work. Our findings are also
sis, the case patients reported workinghose who did not work the graveyardconsistent with those from six studies
more years at jobs that required at leagthift. Furthermore, the risk of breast can{13-18)that investigated the relationship

|Group 1: subject reported wearning a mask or could not see hand in front of face (ambient light I;g,gg found particularly among those sub-
G

Graveyard Shiftwork
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Table 3.0dds ratios for breast cancer risk and graveyard shiftwork* in the 10 years before diagnosighere was no association between breast
(reference date) cancer risk and this measure.
It should also be recognized that, be-

Case patients Control subjects 95% confidence cause the light at night indicators used in
Exposure No. %7 No. %t Odds ratio intervals this study are imperfect, there is likely to
Ever worked graveyard be misclassification of the primary expo-
No 713 93.0 706 95.0 — — sure measures among study subjects. This
Yes 54 7.0 37 20188 L0125  could arise for a number of reasons: 1)
) =0 Details of prior sleep habits are dependent
Hocu;muous 767 100 743 100 1.068 101101.13 ON subject recall; 2) analyses regarding
P = .03 “nonpeak” sleep and graveyard shiftwork
Quartileg were limited to the 10 years before diag-
Effzerence 71113 2340 736 352-0 13 0510a, NOSis, and thus exposure would have most
1927 13 17 10 1.4 1.4 06t032 likely been underestimated if a subject’s
2.7-5.7 13 1.7 9 1.2 15 0.6t03.6 cumulative exposure over her lifetime is
=57 17 2.2 9 12 238 101053  the more relevant time period; 3) if there
_ P=04 is a window of time in which exposure is
Atl\'leoasgf"y”eearssh'm""kﬂ most important in breast cancer develop-
Continuous 767 100 743 100 1.138 1.01to 1.27 Ment, this study would be limited in its
_ P =.04 ability to assign individuals to the appro-
M%’;?gréﬁcf# Ja3 we 718 966 B B priate exposure levels; and 4) the defini-
<3 15 2.0 11 15 1.4 0.6t03.2 tion of nonpeak sleep was based on the
=3 19 25 14 1.9 1.6 0.8t03.2 assumption that the time period between
1:00 am and 2:00am reasonably reflects
*Graveyard shift defined as beginning work after 7:@@and leaving work before 9:08v. the portion of the night when melatonin

_ ‘tPercentage calculated from tot_al number of case patlents_/control subjects with complete occupatlonfaé\% are typically highest. In all of the
risk factor data (n= 767 case patients and 743 control subjects). .

fLogistic regression models conditional on 5-year age strata; odds ratios were adjusted for parity, féﬂﬁEﬁnceS nOte.d aboyg, the general effect
history of breast cancer (mother or sister), oral contraceptive use (ever), and recent (<5 years) discon@@gPosure misclassification would be to
use of hormone replacement therapy. bias the risk estimates toward unity.

§Statistical significance determined by Wald chi-squared test. It should also be noted that subjects
[Quartile computed from all control subjects for which occupational data were available and hours/wgglg report frequent graveyard shiftwork
# 0. Reference level is hours/week 0. P,.q = .02, Wald chi-squared test. may be more Iiker to also experience

1One shift= 8 hours.
#Median computed from all control subjects for which occupational data were available and numb(gr%rf]peak sleep. If so, these two exposure

years# 0. Reference level is number of years 0. P,.q = .14, Wald chi-squared test. measures_ will be correlated_ to some ?X'
tent, and it could be that the increased risk

of breast cancer associated with nonpeak
between breast cancer risk and light athe subjects were not asked about restlessteep is accounted for primarily by those
night by use of an alternative approachmess or sleeplessngssr senor were they subjects who also worked the graveyard
that examined whether blind women, whaasked about sleep during the specific timshift. To assess this possibility, additional
generally do not perceive light at night,of the night when melatonin levels areanalyses were conducted in which both
are at a reduced risk of breast cancer. Ushought to be highest. Rather, the subjectgraveyard shiftwork and nonpeak sleep
ing U.S. hospital discharge records, Hahmere asked when they went to bed andariables were evaluated simultaneously.
(13) reported a statistically significantly when they got up. Second, sleep questioriehe estimated ORs for either exposure in-
reduced risk of breast cancer amongvere asked in the context of each residicator and breast cancer risk did not ap-
women who had profound bilateral blind-dence occupied in the 10 years before dipreciably change in magnitude nor did the
ness. Although an immediate attempt t@gnosis, and the subjects were allowed tassociated levels of statistical signifi-
replicate these findings in a smallerreport multiple sleep patterns at each rescance. Nonpeak sleep was also analyzed
dataset found no reduction in breast cardence. Third, the subjects were not askedith the graveyard shiftworkers removed,
cer risk for blind women(14), the asso- to focus specifically on the graveyardand the results did not change apprecia-
ciation was subsequently confirmed inshift. Instead, they were provided starbly. These results indicate that, although
four other studieg15-18). and stop times for each shift period andgyraveyard shiftwork and nonpeak sleep
The variables used to define exposurgvere asked to report the percentage aire associated (as would be expected),
to light at night in this study are based ortime worked days, evenings, and graveene indicator is not merely a surrogate
questionnaire data collected after theard for each occupation. Finally, if therefor the other. Subjects could experience
breast cancer diagnosis for the case pavas differential recall because a subject’'sonpeak sleep for many reasons, and
tients. Thus, it is possible that a woman’'slisease status could have altered her pegraveyard shiftwork is only one. Indeed,
recall of prior sleep habits could be af-ception of sleep quality, it would mosttwice as many subjects reported nonpeak
fected by her more recent disease experiikely have been reflected in the questiorsleep than graveyard shiftwork (183 sub-
ence, resulting in differential recall for most directly addressing sleep quality: rejects reported at least one pattern of non-
case patients relative to control subjectgported number of times a subject got ugpeak sleep and 91 subjects reported ever
This is unlikely for several reasons. Firstduring the night and turned on a light.working graveyard shift).
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