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Background: Melatonin shows poten-
tial oncostatic action, and light expo-
sure during night suppresses melatonin
production. There is little information,
however, about the direct effect of
night work on the risk of cancer. We
investigated the effect of night work in
breast cancer.Methods: We examined
the relationship between breast cancer
and working on rotating night shifts
during 10 years of follow-up in 78562
women from the Nurses’ Health Study.
Information was ascertained in 1988
about the total number of years during
which the nurses had worked rotating
night shifts with at least three nights
per month. From June 1988 through
May 1998, we documented 2441 inci-
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The suprachiasmatic nucleus in the hyereases the expression of the tumor sup-See‘Notes” following “References.”
pothalamus, one of the most importanpressor gene p583). Cells lacking p53 © Oxford University Press
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factors for cance(31) and heart diseas@2). The our analyses on the total, because the accuracy of theeast disease (yes/no), and family history of breast
guestions include age, age at menarche, parity, agelf-reporting was extremely higl36). In addition, cancer (yes/no). For all factors, indicator variables
at first birth, weight, height, menopausal status, faman analysis limited to case subjects confirmed byvere created for missing values and included in the
ily history of breast cancer, and personal history opathology reports yielded the same association witanalyses. With short intervals between question-

benign breast disease and cancer. Every 2 yeamsight work. naires and the low rate of events, this approach
follow-up questionnaires have been sent to cohort . yields results similar to those of a Cox regression
members to update the information on potential riskotUdy Population analysis with time-varying covariat¢8s).

factors and to identify newly diagnosed case sub- A total of 103613 of the women returned the

jects with cancer and_other major medical gvents. IR ggg questionnaire, which included the questiorRESULTS

1980, the questlgnnalre was expanded to InCll_J0|e ahout night work. The population for this study con-

assessment of dl(}$l,33)and alcohol consumption. sisted of 85197 (82.2%) of the respondents who o

Follow-up data are available for more than 90% of,\s\vered the question on night work. Women who We documented 2441 incident breast

the cohort. Furt_her details of the Nurses’ Healthyig not answer the shiftwork question on the 198gcancer cases. Women who had never

Study are described elsewhe(s). questionnaire did not differ substantially from re-worked on rotating night shifts accounted
; ; ; : dents in terms of their risk profild). We ex-  for 40.4% of the person-years of follow-

Ascertainment of Night Shift Working P : p y

Status cluded women who reported breast cancer or a”Mp, those who worked for 1-14 years on

other cancerothgrtha_n nonmelanoma_skm cancgr%*hifts accounted for 52.2%, those who
the 1988 questionnaire or any previous question-

In 1988, the stu?yhpar::cgantskwc;are as_ked hc;]V\ﬁaire.Atotal of 78 562 women remained to form theworked for 15-29 years accounted for
many years in total they had worked rotating night, oo bopulation for this analysis, and 73601%5.6%, and those who worked for 30 or

shifts with at least three nights per month in addition, oo of follow-up were accrued from Jundnore years accounted for 1.8%. Women
to days or evenings in that month. Information on

lifetime years worked on rotating night shift was 1988 through May 1998. who h"f‘d_eve_r WOI_’ked On_ rotating Shlf_ts
gathered in eight prespecified categories: never, 1-Btatistical Analysis were similar in their baseline characteris-
3-5, 6-9, 10-14, 15-19, 20-29, and 30 or more tics to those who had not. However, there

years. Of the 103 613 nurses who responded to the Women were first categorized according to theinyere inghtIy fewer women who had not
1988 questionnaire, 85197 answered the shiftworRight work status; the groupings were selected tgyiyen birth among the never night shift
question. provide equal 15-year categories: having workeaorkers and they tended to be somewhat
rotating night shifts either never or 1-14, 15-30, or, ! . .
Documentation of Breast Cancer and 29 or more years. In some analyses, we collapsed tllganer (Table 1). Night S_hlft workers were
Deaths data into only two categories; in others, we wenflder and thus more likely to be post-
back to the original eight categories. Informationmenopausal than those who had never
Breast cancer cases were defined as having oebout breast cancer and established risk factors favorked on rotating night shifts.
curred during the period from June 1988 througtbreast cancer was updated according to the biennial Table 2 shows the relationship be-
May 1998. Nurses who reported the occurrence dbllow-up questionnaire. Information on alcohol tween total years on rotating night shifts
breast cancer were asked for permission to reviewonsumption was updated every 4 years—1986and breast cancer. Higher duration of
their medical records, and breast cancer was cori990, and 1994. For each participant, person-months . . ' .
firmed through review of these records. When mediwere allocated to categories of years having Workeworkmg Shlft\{VOI‘k was mOdeStly assoc!—
cal records were unavailable, breast cancer cases rotating night shifts, according to the 1988 data@t€d with an increased breast cancer risk
were defined as probable and included in the analyFhe primary analysis was based on incidence rate§P = .02). Women who had worked 30
sis if they were corroborated by an interview or awith person-months of follow-up used as the deor more years on rotating night shifts had
letter from the subject. Approximately two thirds of nominator. We used relative risk (RR) as the meag 369 greater risk of breast cancer com-
the deaths among cohort members were reported sure of association; the RR was defined as the inc'-ared with never workers (multivariate-
us by next of kin or the postal system in response tdence rate of breast cancer among women in vario djusted RR= 1.36: 95% Cl= 1.04 to
follow-up questionnaires. In addition, we searchedategories of years working on rotating night shifts T '
the National Death Index to identify deaths amonglivided by the incidence rate among women whol'78)' o
the nonrespondents to each 2-year questionnaire; thever worked on rotating shifts. Mantel-Haenszel IN analyses stratified by menopausal
computerized National Death Index is a highly sensummary RRs were calculated, adjusting for age istatus, the relation of duration of night
sitive method for identifying deaths in this cohort5-year categorie37). All statistical tests were two- work and breast cancer was slightly dif-
(34). Data on mortality were more than 98% com-sided. Tests of trends across categories of exposufgrent in premenopausal and postmeno-
plete (34,35).For all deaths possibly attributable to were calculated by treating the levels of exposure ?ﬁausal women (Table 3). Among post-
breast cancer, we requested permission from familg continuous, ordinal variable in the regressio
members (subject to state regulation) to review thenodel. Pooled logistic regression models were usemeno_pa_usal_ Women’ we observed an=.
medical records. Breast cancer was considered to be calculate RRs with adjustment for age, age agsSociation in the highes&@0 years)
the cause of death if the medical records or autopsyienarche €12, 13, and=14 years), age at meno- Shift group (multivariate-adjusted RR
report confirmed a fatal breast cancer, if the breagtause €43, 44-46, 47-49, 50-52, 53-55, 56-58,1.36; 95% Cl= 1.04 to 1.78), and the
cancer was listed as the underlying cause of dea#nd >58 years), parity (nulliparous, 1-2, 3-4, andest for trend was statistically significant
without another, more plausible cause, and if the=5), age at first birth (<25, 25-29, anel30 years), = .05). Similarly, we observed an in-
nurse was known (from hospital records, a familyweight change between age 18 years and menopau%Feased breast cancer risk for the highest
member’s report, or another source) to have ha¢(<2, 2-9, 10-20, and=20 kg) for menopausal .
breast cancer before death. In no case was the causemen only, body mass index (weight in kilogramsShnct group &20 years) of premenopausal
listed on the death certificate used as the sole critativided by the square of the height in meters) at agg/omen (RR = 1.66; 95% Cl = 0.81
rion for death due to breast cancer. All interviewsl8 years in five categories (<21, 21-22.9, 23-24.90 3.40) but also a modest association (RR
and reviews of medical records were conducted b25-28.9, and=29 kg/nf), current alcohol consump- = 1.23; 95% Cl= 0.97 to 1.55) among
investigators without knowledge of exposure. A to-tion (nondrinkers <90 ang=90 g/week), height in those who had worked 1-14 years on ro-
tal of 2441 case subjects with breast cancer wereight categories <150, 151-155, 156-160, 161— tating night shifts (Table 3): more specifi-
diagnosed in the base population from June 198865, 166170, 171-175, 176-180, and >180 cm)
through May 1998, and pathology records were oberal contraceptive use (ever/never), use of postga”y’ th.ose Who wqued Only 1-2 years
tained for 93% of the case subjects. Although thesmenopausal hormones (never, past user <5 yealg,n rotating nlght shlfts.(d_ata nOF Sh_QW”)-
2441 case subjects included 92 women whose pa@ast user=5 years, current user <5 years, and cur-J N€ trend was not statistically significant
thology reports had not yet been obtained, we base@nt user=5 years), menopausal status, benigr(P = .12).
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Table 1.Age and age-standardized* characteristics according to rotating shiftwork status in 1988 among 78 562 women in the Nurses’ Health Study

Value of indicated characteristic by years worked on rotating night shifts

Never 1-14y 15-29 >30y
Characteristic (n = 31761) (n = 40993) (n = 4426) (n = 1382)
Mean age, y (SD)t 54.3(7.2) 54.7 (7.1) 56.1 (6.9) 60.4 (4.6)
Menarche before age 12 y, % 21.8 22.8 23.3 26.3
Nulliparous, % 5.7 7.3 6.8 5.6
Parity =5 children, % 14.5 13.4 16.2 13.9
Age at first birth=30y, %% 6.9 9.0 8.0 7.4
First-degree family history of breast cancer, % 11 11 11 12
History of benign breast disease, % 37 38 34 29
Ever use oral contraceptives, % 48.5 48.4 44.4 41.1
Postmenopausal in 1988, % 71.1 71.7 75.5 82.8
Mean age at menopause, y (SD)t 46.3 (6.6) 46.3 (6.7) 46.0 (6.7) 47.0 (6.6)
Age at menopause55 y, %8§ 4.6 4.6 3.8 5.2
Current PMH use=5vy, % 10.9 11.3 9.9 9.1
BMIY in 1988 =25, % 40.1 42.6 52.5 42.7
BMIY at age 18 y=25, % 26.6 27.9 333 25.8
Weight change >10 kg, age 18 y to menopause, %8 15.6 15.9 20.9 18.5
Mean current alcohol consumption, g/day (SD)t 6.3 (11.01) 6.5(11.1) 5.5(11.2) 5.7 (11.0)
Mean height in inches (SD)t 64.4 (3.2) 64.5 (3.3) 64.4 (3.0) 64.2 (3.6)
Socioeconomic status (husband’s education beyond high school), % 41.8 42.2 295 28.4
Nurse’s education higher than a bachelor’s degree, % 9.2 9.2 5.6 2.6

*Age standardized according to eight categories of age (<44, 45-49, 50-54, 55-59, 60-64, 65-69, 70=78 \aads) as of the 2-year period when participants
first entered follow-up.

tSD = standard deviation.

FAmong the parous women only.

§Among the postmenopausal women only.

[PMH = postmenopausal hormone.

IBMI = body mass index.

Table 2. Adjusted relative risks (RRs) and 95% confidence intervals (Cls) of breast cancer by rotatimgtating night shift workers, we modeled
night shift work in four categories among 78 562 women in the Nurses’ Health Study, with prospectiggbsequent analyses with age as a con
follow-up from 1988 through 1998 and with a total of 2441 breast cancer case subjects tinuous variable and by 2-year categories

However, modeling age in different ways

Z/£95 1/02/€6/2101E/5UIW0d"dNod1WapEDE//:SA]Y WOl PAPEOUMOQ

No. of case Age-adjusted RR  Multivariate RR* . . !
Years on rotating night shift  subjects Person-years (95% CI) (95% CI) did not lead to substantial changes in the
estimates of the RR.
Nevert 925 298815 1.0 1.0 We attemoted t lain the slight dif
1-14 1324 383882 1.12(1.03t01.22) 1.08(0.99t0 1.18) VVE altempted 1o explain the slight ail-
15-29 134 40759 1.08(0.90t0 1.29)  1.08 (0.90 to 1.3djerences in the association of shiftwork
230P 58 12559 1684 (1.18t0 2.01) 012'26 (1.04to 1.78duration and breast cancer risk between <
trend . .

©
premenopausal and postmenopausal wom-&

o b
*Relative risk adjusted for age, in eight categories (<44, 45-49, 50-54, 55-59, 6064, 65—69, 70—74?%‘ y examining whether the effects of
=75 years), age at menarche12, 13, and=14 years), parity (nulliparous, 1-2, 3—4, ar®), and age at shittwork varied in SpeCIfIC SUbQVPUpS-
first birth (<25, 2529, ane=30 years) combined, weight change between age 18 years and menopauségeg£ause hormone receptor-positive tu-
2-9, 10-20, and=20 kg), body mass index at age 18 years in five categories (<21, 21-22.9, 23-28@rs are more likely to be found in older
25-28.9, and=29), family history of breast cancer in sister or mother (yes/no), benign breast disamﬂen(39),we examined breast cancers
(ves/no), oral contraceptive use (yes/no/missing), current alcohol consumption (none, and <88(andgccording to their hormonal receptor sta-
g/week), time period (June 1988 through May 1990, June 1990 through May 1992, June 1992 throug y
1994, June 1994 through May 1996, and June 1996 through May 1998), age at menopause inqsﬁé?er?nd conducted further analyses for
categories €43, 44-46, 47-49, 50-52, 53-55, 56-58, and >58 years), use of postmenopausal hornpgr?éyenOpausal and_pOStmenOpausal wom
(never, past user for <5 years, past useeféryears, current user for <5 years, and current userfoyears) en separately. As with total breast cancer,
and menopausal status (yes/no) combined, and height in seven categdi®s 151-155, 156-160, 161 for the estrogen receptor-positive breast
165, 166-170, 171-175, 176-180, and >180 cm). cancer case subjects, longer duration in
tReference categories in all analyses. rotating night shifts was associated with a
1P value (Wald test) for continuous linear term. moderate increase in risk, particularly for
premenopausal women, and we observed
slightly elevated risks with shorter dura-
Night work was only weakly associ- these variables as well as the nurses’ anghns of shiftwork. The risk of hormone
ated with physical activity, region, and di-their husband’s educational levels (aseceptor-negative breast cancer was not
etary variables such as lifetime alcohomarkers of socioeconomic status) in ouglevated after 30 or more years of rotating
consumption. However, to address thenultiple logistic regression models. Wenjght shifts (data not shown).
possibility that these variables could acdid not include them in the final model
count for the observed relation betweerecause they did not alter our estimateg)ISCUSSION
shiftwork and breast cancer, we con{data not shown). Because of the observed In this large and, to our knowledge,

ducted additional analyses, includingage difference between ever and nevdirst prospective cohort study of shiftwork
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Table 3.Adjusted relative risks (RRs) and 95% confidence intervals (Cls) of breast cancer in the Nurﬁgﬁt exposure during night work, but fu-

Health Study by rotating night shift work in four categories and prospective follow-up from 1988 {\,re epidemiologic investigations could
through 1998 among 54 980 postmenopausal women with 2125* breast cancer case subjects and a&'?ﬁﬁe such dose—response estimates in
23436 premenopausal women with 309 breast cancer case subjects

humans.
No. of Age-adjusted RR Multivariate RRt Several mechanisms have been hy-
Years on rotating night shift case subjects (95% CI) (95% CI) pothesized to explain the association of
Premenopausal women decreasgd melatonin levels and increased
Neverf 121 1.0 1.0 cancer risk. Although the presence of spe-
1>—1154 y§ 1;‘1" 115?03 (8-323:021-25? 115%43 (g-é’;gozlggbific melatonin membrane receptors, MT1
/Pt yd 13 (07510 2.26) 12 (07710 2. )(a high-affinity receptor) and MT2 (a
low-affinity receptor), has been demon-
Postmenopausal women .
Nevert 801 1.0 1.0 strated for some timg44,45), nuclear
1-14 1146 1.09 (1.00 to 1.20) 1.06 (0.97 to 1.16Yeceptors also have been found (RZR
15-29 120 1.02 (0.84 to 1.24) 1.05 (0.87 to 1.27)ratingi P
=30 58 1.45 (1.11 to 1.90) 1.36 (1.04 to 1_78){re_t(|jn0|d Z receptor] ?nd RZRIB [red
Pyong 02 05 noid Z receptoiB]). Only recently, an at-
tempt was successfully undertaken to
*Women with dubious menopause excluded. clarify whether melatonin is able to influ-

TRR adjusted for age in eight categories (<44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-Z¥5ndence MCF-7 cell proliferation by modu-
years), age at menarche 12, 13, and=14 years), parity (nulliparous, 1-2, 3-4, ar®), and age at first lating cell cycle kinetics in MCF-7 human
birth (<25, 25-29, an@=30 years) combined, weight change between age 18 years and menopause (<2, 2— . .
10-20, and=20 kg), body mass index at age 18 years in five categories (<21, 21-22.9, 23-24.9, 25—%%?‘St cancer celis VItrO (3) Melatonin
and=29), family history of breast cancer in sister or mother (yes/no), benign breast disease (yes/no)!Q)%?ases the expression of p53. A recep-
contraceptive use (yes/no/missing information), current alcohol consumption (none, and <g89and tor interaction with RZR nuclear melato-
g/week), time (June 1988 through May 1990, June 1990 through May 1992, June 1992 through May 1fig¥,receptors may cause an arrest of =
June 1994 through May 1996, and June 1996 through May 1998), age at menopause in seven cat@geries7 cells in the @G, phase of the cell
(<43, 44-46, 47-49, 50-52, 53-55, 56-58, and >58 years), use of postmenopausal hormones (nevetnyf’étpathway that is mediated by the p53
user for <5 years, past user fer5 years, current user for <5 years, and current useeféryears) and
menopausal status (yes/no) combined, and height in seven categeti®8, (151-155, 156-160, 161-16

sdpy woJy papeojumoq
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5 pathway. Such receptor-mediated effects &

166170, 171-175, 176-180, and >180 cm). on hormone-dependent cancers had beert
tReference categories in all analyses. proposed before, yet these are the firstim- 5
§Collapsed categories. portant steps toward clarification. As a
[P value (Wald test) for continuous linear term. potential free-radical scavenger, melato-

nin may also protect against cancer by

shielding DNA from oxidative damage
and breast cancer, the risk of breast cancémated an OR of 1.5 (95% C& 1.2 to (46). Other recent work23) suggests that
was statistically significantly elevated in1.7) for breast cancer among women whanelatonin acts as an immune-modulating
postmenopausal women who worked fopredominantly worked at night for at leastagent, since it affects thymic endocrine
30 or more years on rotating night shifts6 months, after adjustment for socioecoactivity and interleukin 2 by means of
compared with those who never workechomic status, age at birth of first and lastmetabolic zinc pool turnover in mice. Fi-
rotating night shifts. Among premeno-child, and number of children. nally, disturbances in sleep rhythm can
pausal women, we observed an increased Light is known to be a potent stimulusdirectly promote chemically induced liver
breast cancer risk of 23% (RR 1.23; for regulating the pineal gland’s produc-carcinogenesis in roden{&6). This is the
95% CI = 0.97 to 1.55) after 1-14 yearstion of melatonin and the broader circafirst rodent model in which light-induced
of shiftwork. dian system in human@1,40-42)Light circadian clock suppression directly ex-

Earlier work from Tynes et al(13) not only suppresses nocturnal melatonierted a cancer-promoting effect on the

showed an elevated breast cancer riskecretion but also does so in a characteliver.
among postmenopausal radio and telastic dose—response manner: the brighter The results from our study are compat-
graph operators exposed to shiftwork. Théhe photic stimulus, the greater the supible with a possible oncogenic effect of
authors observed no association fopression of nocturnal melatoni@@0). A nighttime light exposure through the mel-
women aged 50 years or less but reportegcent observation among 10 935 visuallytonin pathway. Although we did not vali-
an increased breast cancer risk amonighpaired women(43) underlines a dose- date self-reported duration of rotating
postmenopausal women more than age S@lated relationship between visible lightnightshifts, it is likely that our results are
years (odds ratio [ORF 4.3; 95% Cl= and breast cancer risk. The investigatoraccurate, because other self-reports have
0.7 to 26.0) in their small study with 50 found SIRs for breast cancer of 1.0%een highly accurate in this cohd@7),
case subjects and 259 control subject$95% CI = 0.84 to 1.3), 0.96 (95% C¥ and previous validations of similar ques-
Pukkala et al.(14) found a similar in- 0.59 to 1.46), 0.79 (95% Ck 0.44 to tions (e.g., electric blanket us&)8) have
creased incidence of breast cancer amorig29), 0.66 (95% Ck 0.24 to 1.44), and shown reasonable reproducibility. More-
flight attendants (standardized incidenc®.47 (95% Cl = 0.01 to 2.63) among over, the prospective design of our study
ratio [SIR] = 1.87; 95% Cl= 1.15 to women with moderate low vision, severeeliminates recall bias. On the other hand,
2.23). In a population-based, case—contrdébw vision, profound low vision, near- assessment of exposure status with regard
study conducted among 7035 Danisliotal blindness, and total blindness, reto working on rotating night shifts can
women with breast cancer and theispectively. Our own data did not pro-only be a rough estimate, and misclassi-
matched control subjects, Hans@t) es- vide sufficient information on intensity of fication is likely to occur. Since there are
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