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Night work might influence cancer risk, possibly via suppression of melatonin release. In a population-based

case-control study conducted in Montreal, Quebec, Canada, between 1979 and 1985, job histories, including
work hours, were elicited from 3,137 males with incident cancer at one of 11 anatomic sites and from 512 con-
trols. Compared with men who never worked at night, the adjusted odds ratios among men who ever worked at
night were 1.76 (95% confidence interval (Cl): 1.25, 2.47) for lung cancer, 2.03 (95% CI: 1.43, 2.89) for colon
cancer, 1.74 (95% CI: 1.22, 2.49) for bladder cancer, 2.77 (95% CI: 1.96, 3.92) for prostate cancer, 2.09 (95%
ClI: 1.40, 3.14) for rectal cancer, 2.27 (95% CI: 1.24, 4.15) for pancreatic cancer, and 2.31 (95% ClI: 1.48, 3.61)
for non-Hodgkin’s lymphoma. Equivocal evidence or no evidence was observed for cancers of the stomach
(odds ratio (OR)=1.34, 95% CI: 0.85, 2.10), kidney (OR=1.42, 95% CI: 0.86, 2.35), and esophagus
(OR=1.51, 95% CI: 0.80, 2.84) and for melanoma (OR =1.04, 95% CI: 0.49, 2.22). There was no evidence of
increasing risk with increasing duration of night work, with risks generally being increased across all duration

categories. Results suggest that night work may increase cancer risk at several sites among men.

case-control studies; circadian rhythm; men; neoplasms; night work; occupations; shift work

Abbreviation: Cl, confidence interval.

Editor’s note: An invited commentary on this article
appears on page 760, and the authors’ response appears
on page 764.

Exposure to light at night suppresses the release of melatonin,
a hormone which typically peaks in the middle of the night
(1). Such suppression has been associated with disruption of
circadian rhythms, a reduction in nonspecific oncostatic (anti-
cancer) effects of the pineal gland, and an increase in re-
productive hormone levels (2-9). According to these
experimental observations, night work, which typically entails
exposure to light at night, induces physiologic changes that
might influence tumor development. The International
Agency for Research on Cancer recently designated shift
work that involves circadian disruption as a probable cause of
human cancer (Group 2A) on the basis of sufficient
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experimental evidence and limited epidemiologic evidence
(10, 11). The melatonin hypothesis remains the most widely
cited etiologic mechanistic pathway for the putative increased
risk of cancer among night-shift workers (2, 8, 9). Several
studies have assessed the possible association between night
work, particularly among nurses, and breast cancer (12-20),
but little evidence has been accrued regarding cancer at other
sites (21) or among males. To address this issue, we assessed
whether night work was associated with an increased risk of
cancer at several sites in the context of a large population-
based case-control study of occupational factors and cancer
carried out in Montreal, Quebec, Canada, in the 1980s among
men with different occupational profiles.

MATERIALS AND METHODS

The design and data collection methods of this multi-
cancer study, the Montreal Multisite Case-Control Cancer

Am J Epidemiol. 2012;176(9):751-759

202 Iudy /| uo 3senb Aq 62206/15./6/9. |L/3191ue/ale/wod dno olwapede//:sdiy Wwoly papeojumoq



752 Parent et al.

Study, have been described in detail elsewhere (22-26). It
was originally designed to explore possible associations
between occupational exposures and cancer among men.
The study protocol was approved by the ethics committees
of all participating institutions, and all subjects provided in-
formed consent.

Case series

Cases were male patients aged 35-70 years residing in
the greater Montreal area who had been diagnosed at any
of the 18 major Montreal hospitals with incident, patholog-
ically confirmed cancer. Participation of all large hospitals
in this area ensured virtually complete (97%) population-
based ascertainment of cases. Between 1979 and 1985, a
total of 4,576 eligible cancer patients were accrued, and
3,730 of these patients (82%) were successfully inter-
viewed. Eighty-one percent of patients responded for them-
selves; proxies, mainly the spouse, provided information
for the rest. Although the main study included cancers di-
agnosed at 23 anatomic sites, we report here on 3,137 pa-
tients diagnosed with the 11 most frequent cancers: that is,
cancers of the lung (n=761), colon (n=439), bladder
(n=439), prostate (n=400), rectum (n=236), stomach
(n=228), kidney (n=158), pancreas (n=94), and esopha-
gus (n=91) and melanoma (n=94), as well as non-
Hodgkin’s lymphoma (n =197).

Control series

Controls were recruited from the general population
using electoral lists. In the province of Quebec, the electoral
list is maintained through an active, ongoing registration
process and is considered an almost complete list of citi-
zens of voting age. Controls were randomly selected from
the same age groups (5 years) and residential areas (dis-
tricts of about 40,000 electors) as the cases in order to
obtain good representation of the base population. Of 740
population controls ascertained, 533 (72%) were success-
fully interviewed.

Data collection

Interviews were conducted, mostly face-to-face, by
trained interviewers from 1979 to 1986. The interviews, re-
quiring between 30 minutes and 2 hours, included a struc-
tured section inquiring about sociodemographic and
lifestyle characteristics and a semistructured section elicit-
ing a detailed description of each job held by the subject in
his working lifetime. The expert-based approach developed
by our group (27) was applied to each participant’s work
history in order to determine exposure to some 300 work-
place chemicals. In addition, an occupational physical ac-
tivity level was assigned by attributing metabolic
equivalents to main tasks within each job (28).

Ascertainment of night work

For each job held, a subject was asked whether the job
entailed shift work and, if so, the start and finish times of

his work shift. In our analyses, a job entailing night work
was defined as one that included working between 1:00 AM
and 2:00 AM for at least 6 months. We calculated a cumula-
tive index of night work exposure by totaling the number
of years of night work in all jobs held.

Statistical analyses

Analyses were restricted to subjects who provided infor-
mation about night work: 512 controls (96% of controls)
and 3,137 cancer patients (84% of patients). Unconditional
logistic regression was used to estimate odds ratios and
95% confidence intervals for the risk of cancer among men
who had ever held a job entailing night work. We also con-
ducted analyses according to the cumulative duration (<5,
5-10, or >10 years) and timing (recent, distant) of night
work over the participant’s lifetime. Recent night work ex-
posure was attributed when jobs entailing night work had
been held within the 20 years prior to the date of diagnosis
or interview, whereas distant night work exposure was
related to night jobs that had been held further in the past.

A separate regression model was fitted for each type of
cancer. Each model included a set of known or potential
nonoccupational and occupational confounding factors spe-
cific to each cancer type (Table 1). Age, ancestry, educa-
tional level, family income, and respondent status were
included in all models. Other covariates retained for one or
more of the cancer types included birthplace, used as a cor-
relate of Helicobacter pylori exposure; coffee, tea, beer,
and alcohol consumption; a f-carotene index; farming;
occupational exposure to crystalline silica, asbestos, and
aromatic amines; body mass index; recreational and occu-
pational physical activity; and smoking history. The latter
was entered as 3 variables: ever smoking, number of ciga-
rette-years of smoking, and number of years since quitting
smoking (29).

We also fitted a multivariate polytomous regression
model (30) which simultaneously included all cancer types,
using a set of core regression confounders (age, ancestry,
income, educational level, the above-mentioned 3-pronged
variable for smoking history, and respondent status). Since
results were very similar using both modeling approaches,
we opted for presenting the results derived from the use of
a separate logistic regression model for each cancer site, al-
lowing for tailored adjustment by relevant site-specific co-
variates. Analyses were performed using SPSS, version 16
(SPSS Inc., Chicago, Illinois).

RESULTS

Table 2 shows the distribution of cases and controls ac-
cording to selected characteristics. Cancer cases and con-
trols were generally similar in terms of age. Lung, prostate,
and esophageal cancer cases were more often of French an-
cestry than controls, whereas this tendency was reversed for
other cancer sites. In general, cases tended to have had
fewer years of schooling, to have a lower family income,
and to have been heavier smokers than controls and were
more likely to have had a proxy respondent.
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Table 1. Potential Nonoccupational and Occupational Confounders
Retained for Analyses of Night Work and Cancer Risk, by Cancer
Type/Site, Montreal Multisite Case-Control Cancer Study, 1979-1985

Cancer Type No. of Potential Confounders Included
or Site Subjects in Regression Models®
All? Age, ancestry, educational
level, family income,
respondent status
Lung 761 Smoking, p-carotene,
occupational exposure to
asbestos and silica
Small-cell 142
carcinoma
Adenocarcinoma 149
Squamous cell 314
carcinoma
Other 156
Colon 439 Smoking, BMI, alcohol,
B-carotene, occupational
physical activity
Bladder 439 Smoking, coffee, B-carotene,
occupational exposure to
aromatic amines
Prostate 400 Smoking, alcohol, BMI,
farming, occupational
physical activity
Rectum 236 Smoking, beer, BMI
Stomach 228 Smoking, alcohol, B-carotene,
birthplace
Non-Hodgkin’s 197
lymphoma
Kidney 158 Smoking, coffee, alcohol, BMI
Melanoma 94 B-carotene, sports and/or
outdoor activities
Pancreas 94 Smoking, coffee, alcohol,
B-carotene, BMI
Esophagus 91 Smoking, coffee, tea, alcohol,

B-carotene

Abbreviation: BMI, body mass index.

& All models included age (years; continuous), ancestry (French,
Anglo, ltalian, Jewish, other European, or other), educational level
(elementary, secondary, or postsecondary), family income (Canadian
dollars; continuous), and respondent status (self or proxy).

b Additional site-specific covariates were entered as follows:
birthplace (Montreal, Quebec excluding Montreal, Canada excluding
Quebec, United States, Southern Europe, Northemn Europe, Asia/
Africa, or other), coffee or tea consumption (cup-years; continuous),
beer or alcohol consumption (drink-years; continuous), B-carotene
index (derived from the frequency of consumption of 10 B-carotene-rich
foods, in tertiles), body mass index (weight (kg)/height (m)Z; <25, 25—
<30, or >30, in tertiles), farming (never vs. ever), occupational
exposure to crystalline silica, asbestos, or aromatic amines (never vs.
ever), occupational physical activity (low, medium, or high),
participation in sports and/or outdoor activities (not often or never vs.
often), and smoking (entered as a 3-pronged variable: ever smoking,
number of cigarette-years, and number of years since quitting).

The proportion of men who had ever held a job entailing
night work for at least 6 months was 14.5% among controls
and 25.5% among all cases combined (Table 3). Examples
of occupations that often entailed night work included
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drivers, mechanics, machine operators, security guards,
maintenance workers, boiler room operators, railway
workers, firemen, policemen, waiters, cooks, hospital
workers, dockworkers, and bakers.

Table 4 shows odds ratios and 95% confidence intervals
for the various cancer types among men who reported ever
having worked at night, as compared with those who never
had. Odds ratios above unity were observed for all cancer
sites, and most of these odds ratios were above 1.50. Statisti-
cally significant excess risks were observed for cancers of the
lung, prostate, colon, bladder, rectum, and pancreas and for
non-Hodgkin’s lymphoma. Cancer sites showing equivocal
evidence or no evidence of an association with ever working
at night included the stomach, kidney, and esophagus and
melanoma. For lung cancer, we further explored the effect of
having ever worked at night, according to main histologic
subtype. Adjusted odds ratios were 1.91 (95% confidence in-
terval (CI): 1.27, 2.87) for squamous cell carcinoma, 1.62
95% CI. 1.25, 2.47) for small-cell carcinoma, and 1.46
(95% CI: 0.86, 2.50) for adenocarcinoma.

For none of the cancer sites was there evidence of a du-
ration-response relation, with risks generally being elevated
across all categories of duration. Considering men who had
been engaged in night work for more than 10 years, the
association was statistically significant only for cancers of
the prostate, colon, and bladder, as well as for non-
Hodgkin’s lymphoma.

The timing of exposure to night work during a partici-
pant’s work history did not appear to be associated with
the level of risk, as men who had worked at night within
the 20 years preceding the index date had similar relative
risks as those who had held night jobs further in the past.

DISCUSSION

While there is a substantial body of experimental and ep-
idemiologic evidence that points to an association between
night work and breast cancer, the hypothesis remains con-
troversial, with disagreement about the potential role of
bias, chance, or confounding (31). For other cancer sites,
previous evidence is even less compelling. Our study pro-
vides new evidence concerning possible associations that
have not previously been well investigated, namely
between night work and risks of several types of cancer
among males. Our findings are perplexing. On the one
hand, they suggest elevated risks for many cancer sites
among men working at night. The sites for which the statis-
tical evidence is strongest are the lung, prostate, colon,
bladder, rectum, and pancreas and non-Hodgkin’s lympho-
ma. On the other hand, the absence of duration-response
relations, and the very fact of ostensible excess risks across
such a wide array of tumor types, might raise questions
about the credibility of these findings and possible method-
ological artifacts. The absence of a duration-response
pattern could possibly reflect favorable chronotypes among
subjects in the longer-duration exposure categories or con-
stancy of exposure; men who engage in night work will
usually do it for most of their careers. One thing is certain:
If our findings are valid, it would signal an important sys-
temic cancer hazard.
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Table 2. Selected Characteristics of Cases and Controls in a Study of Night Work and Cancer Risk, by Cancer Type/Site, Montreal Multisite
Case-Control Cancer Study, 1979-1985

Mean Mean Annual Use of Mea_m ""ea." Time

Participant Group Mean Age, Azfensi:‘y, Duratio_n of I_=amily Income a Proxy SnI\Ec;Ikei;g, I?:lr;sklitr‘:g?f Qili';t?r?g
years % Schooling, (in Thousands), Respgndent, % cigarette- Smoking,

years Can$ % years® years®

Controls 590.6 (7.9°  64.1 10.0 (4.6) 265 (8.7) 12.9 80.3 810 (707) 12.6 (10.4)

Cancer type or site (cases)

Lung 59.2 (7.0) 69.0 85(3.8)  22.4(8.0) 23.9 98.4 1,494 (830) 5.1 (6.4)
Colon 59.4 (7.6) 54.9 9.9(4.2) 26.0(8.9) 14.4 80.9 802 (731) 11.8(9.7)
Bladder 59.2 (7.6) 57.9 10.0(47)  25.8(10.0) 12.5 916  1,035(704) 9.8(9.9)
Prostate 63.0 (5.0) 65.2 9.3(4.4)  24.7(9.0) 11.0 83.0 969 (810) 11.8 (10.6)
Rectum 58.7 (8.0) 58.5 9.3(45)  26.2(9.1) 15.7 80.1 791 (762) 11.7 (10.7)
Stomach 58.3 (8.2) 58.3 8.8(4.0) 24.2(8.3) 16.7 87.7 967 (849) 10.0 (10.1)
Non-Hodgkin’s lymphoma  55.0 (9.7) 63.5 102 (4.2)  26.2(8.3) 18.8 82.7 757 (665) 11.3 (10.5)
Kidney 58.2 (7.6) 53.8 9.4 (43)  26.3(9.0) 10.8 80.4 804 (692) 9.1 (8.7)
Melanoma 52.9 (10.1)  36.2 123(45) 297 (8.9) 12.8 64.9 484 (593) 13.1(11.4)
Pancreas 58.9 (7.5) 57.4 85(4.1)  25.8(9.7) 436 87.2 992 (770) 9.2 (8.7)
Esophagus 59.7 (7.6) 64.8 89(37) 24.4(8.0) 275 934  1,255(843) 9.6 (11.1)

& Among ever smokers, based on 20 cigarettes per packet.

b Among ex-smokers.

¢ Numbers in parentheses, standard deviation.

In general, the odds ratios were of approximately the to be an important determinant of increased risk. We ob-
same magnitude regardless of duration or timing of expo- served an effect of long-term night work (beyond 10 years’
sure. In previous studies of breast cancer (16, 18, 32, 33) duration) for cancers of the prostate, colon, and bladder and
prolonged night-shift work (over 20 or 30 years) was found for non-Hodgkin’s lymphoma, whereas the evidence was

Table 3. Lifetime Prevalence, Cumulative Duration, and Timing of Night Work Among Cases and Controls in a Study of Night Work and
Cancer Risk, by Cancer Type/Site, Montreal Multisite Case-control Cancer Study, 1979-1985

Ever :&'WLT;“Q c”ﬂ‘i;':t“‘}’viﬁ(‘,‘;“;';: of Timing of Night Work®

Participant Group ;:::::i"::;nct,; Never Ever <5 5-10 >10 R;::t';‘ Dri;tsatrgt

No. % No. % No. % No. % No. % No. % No. %
Controls 512 438 855 74 145 36 70 19 37 19 37 29 6.2 30 6.4

Cancer type or site (cases)

Lung 761 545 716 216 284 110 145 52 6.8 54 71 91 143 79 127
Colon 439 329 749 110 251 61 139 20 46 29 66 53 139 45 120
Bladder 439 333 759 106 241 62 141 15 34 29 66 54 140 42 112
Prostate 400 268 670 132 330 68 170 27 68 36 90 55 170 57 175
Rectum 236 178 754 58 246 35 148 10 42 12 51 25 123 26 127
Stomach 228 185 81.1 43 189 24 105 7 31 12 53 14 70 23 1141
Non-Hodgkin’s lymphoma 197 150 76.1 47 239 21 107 15 76 11 56 25 143 13 8.0
Kidney 158 128 81.0 30 19.0 15 95 9 57 6 38 13 92 M 7.9
Melanoma 94 82 87.2 12 1238 7 7.4 5 53 0 0.0 8 8.9 2 2.4
Pancreas 94 70 745 24 255 10 10.6 6 6.4 8 85 14 167 7 9.1
Esophagus 91 70 769 21 231 10 11.0 4 44 7 77 11 136 8 103

& Men who had worked at jobs entailing night work in both time periods were excluded from these analyses.
b Defined as <20 years prior to the date of diagnosis (cases) or interview (controls).
¢ Defined as >20 years prior to the date of diagnosis (cases) or interview (controls).
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Table 4. Adjusted® Odds Ratios for Cancer According to Employment Involving Night Work, Montreal Multisite Case-Control Cancer Study, 1979-1985

Ever Performing Night Work

Cumulative Duration of Night Work, years

Timing of Night Work®

Cancer Type

or Site Never Ever <5 5-10 >10 Recent Past® Distant Past®
(OR=1)° OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl
Lung 1.00 1.76 1.25,2.47 1.93 1.22,3.03 1.51 0.80, 2.85 1.67 0.90, 3.09 1.76 1.07,2.89 1.88 1.13,3.14
Colon 1.00 2.03 1.43,2.89 2.32 1.47,3.68 1.43 0.73, 2.80 2.11 1.13,3.94 2.50 1.51,4.14 2.08 1.24,3.47
Bladder 1.00 1.74 1.22,2.49 1.98 1.24,3.16 1.06 0.51,2.20 1.98 1.05, 3.76 2.19 1.30, 3.66 1.80 1.06, 3.04
Prostate 1.00 277 1.96, 3.92 3.13 1.98, 4.95 2.11 1.1, 3.99 2.68 1.45,4.95 3.17 1.89, 5.31 3.01 1.83,4.93
Rectum 1.00 2.09 1.40, 3.14 2.58 1.53, 4.33 1.42 0.64, 3.18 1.67 0.77, 3.61 2.27 1.27,4.05 2.35 1.32, 4.20
Stomach 1.00 1.34 0.85,2.10 1.50 0.83,2.70 0.89 0.34,2.33 1.45 0.64, 3.26 1.04 0.51,2.13 1.93 1.03, 3.58
Non-Hodgkin's 1.00 2.31 1.48, 3.61 2.25 1.23,4.12 2.41 1.14,5.10 2.32 1.03, 5.23 2.51 1.36, 4.64 1.91 0.94, 3.90
lymphoma
Kidney 1.00 1.42 0.86, 2.35 1.43 0.73,2.79 1.81 0.77,4.29 1.05 0.39, 2.80 1.51 0.73,3.13 1.34 0.63, 2.86
Melanoma 1.00 1.04 0.49,2.22 1.16 0.44, 3.11 2.77 0.89, 8.58 — — 2.24 0.84,5.95 0.51 0.11,2.23
Pancreas 1.00 227 1.24,4.15 1.91 0.81,4.52 2.77 0.97,7.90 2.43 0.91, 6.47 3.81 1.75, 8.28 1.49 0.55, 4.06
Esophagus 1.00 1.51 0.80, 2.84 1.53 0.64, 3.63 1.27 0.38, 4.28 1.71 0.59, 4.93 1.92 0.82, 4.52 1.59 0.59, 4.27

Abbreviations: Cl, confidence interval; OR, odds ratio.
& Regression models included the site-specific potential confounders listed in Table 1.

® Men who had worked at jobs entailing night work in both time periods were excluded from these analyses.

¢ Reference category.

94 Defined as <20 years prior to the date of diagnosis (cases) or interview (controls).
¢ Defined as >20 years prior to the date of diagnosis (cases) or interview (controls).

f No men with melanoma worked at jobs entailing night work for more than 10 years.
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weaker for other cancer types. Too few men in our study
had worked in jobs involving night work for over 20 years
to conduct analyses for such durations.

Findings in the context of prior studies

Lung cancer. To our knowledge, there is no current ep-
idemiologic evidence suggesting that night work influences
lung cancer development. Two ecologic studies have inves-
tigated the link between levels of light at night and the inci-
dence of a few types of cancer (34, 35). In the first, using
female breast and lung cancer rates and light-at-night inten-
sity data for 147 individual urban localities in Israel, Kloog
et al. (34) found a strong positive association between
light-at-night exposure and breast cancer but not lung
cancer. In the second study, correlating male prostate, lung,
and colon cancer rates and population-weighted light-
at-night levels in 164 countries, Kloog et al. (35) found a
significant positive association between light-at-night expo-
sure and prostate cancer but not lung or colon cancer. We
observed a significantly elevated risk of lung cancer in rela-
tion to having ever been engaged in night work, with ex-
cesses apparent across all main histologic subtypes.

Prostate and colon cancers. We observed significantly
increased risks of cancer in the prostate and colon irrespec-
tive of the duration or timing of night work. Three previous
studies showed nonsignificant positive associations
between night-shift work and colon cancer (36-38). For
prostate cancer, 2 studies found elevated risk (39, 40) and
one did not (38). Recently, the main characteristics, dissim-
ilarities, and findings of these studies were critically re-
viewed (11, 31, 41). The issues highlighted were mostly
related to the diversity of shift-work ascertainment
methods, varying exposure durations, different definitions
of critical exposure windows, assessment of changes in
night-shift work schedules throughout the working lifetime,
and adjustment for confounders. Our study addressed some
of these concerns by 1) including the period between 1:00
AM and 2:00 AM in the definition of night work, thereby
excluding the possibility of evening shift work being con-
sidered night-work exposure; 2) calculating a cumulative
index of night-work exposure; and 3) incorporating ade-
quate analytic control for several potential confounders.

Non-Hodgkin’s lymphoma. Our study is the second to
suggest that night work predisposes to non-Hodgkin’s lym-
phoma. Exposure to night work for 10 years was previously
found to be modestly associated with an increased risk of
non-Hodgkin’s lymphoma among men (odds ratio = 1.10,
95% CI: 1.03, 1.19) (42). Unlike in our study, the defini-
tion of night-work exposure in that study was based not on
individual data but on a job-exposure matrix.

Other cancers. We observed suggestive associations
between night work and the risks of bladder and pancreatic
cancers, as well as equivocal evidence for esophageal and
stomach cancers. To our knowledge, no prior studies have
investigated such associations. It was recently postulated
that the light-at-night hypothesis may apply to melanoma
(43). Two previous studies have investigated this. No rela-
tion between shift work and melanoma among women was
reported in a study based on 11 cases (38). Another study

among 318 female nurses with incident melanoma found
that working for 10 years or more on rotating night shifts
lowered the risk of this cancer (adjusted hazard ratio = 0.56,
95% CI: 0.36, 0.87) (44). Overall, our findings provide
little support for an association with melanoma.

Potentially carcinogenic consequences of night work
have been ascribed to light-at-night exposure, phase shift,
sleep disruption, lifestyle factors (diet, physical activity, or
body mass index), and vitamin D exposure (45, 46). Mech-
anisms could be specific to specific cancer types. However,
our findings of increased risks across a wide array of cancer
types are more in line with a common underlying mecha-
nism. The anticancer effects of melatonin remain the most
often evoked theory; its effects on reproductive hormone
levels would influence risks of breast, prostate, and colon
cancers. Direct oncostatic effects of melatonin, through in-
hibition of and repair of oxidative damage in DNA, could
be involved as well (47-49).

Strengths and possible limitations

This study had several strengths. It allowed us to present
evidence regarding a large number of cancer sites and to
compare risks across sites within a common study base using
a common methodology. It contributes additional informa-
tion in a research area where the available evidence—the
potential effects of night work on cancer risk in men—is
very limited and inconsistent. Other advantageous attributes
include: a virtually complete population-based case ascer-
tainment system; histologic confirmation of primary
cancers; relatively high participation rates; relatively large
numbers of cancer cases; collection of detailed lifetime job
histories across multiple professions and a wide range of
occupations; collection of comprehensive information on
potential covariates; and the likelihood that our operational
definition of night work captured a nighttime period that
could be pertinent to the hypothetical mechanism of
carcinogenesis.

However, studies such as this are subject to a number of
potential limitations or biases. Response rates were over
80% for most cases series and over 70% for controls.
While differentially biased participation of subjects with a
history of night work is theoretically possible, it is unlikely.
First, given the high response rates, very imbalanced partic-
ipation would be required in order to induce detectable
bias. Second, if there were such a bias operating, it would
probably have the greatest effect among subjects who were
currently or recently working at night, whereas we saw no
difference in risk patterns between subjects with recent
night-work exposure and those with distant night-work ex-
posure. Third, restricting analyses to men who were retired
from work at the time of contact, and therefore were unlike-
ly to have their participation influenced by their work
hours, did not alter the results.

Differential quality of response between cases and con-
trols is unlikely. The study was presented to subjects as a
general study of health, lifestyle, and environment, with a
wide-ranging questionnaire that elicited an occupational
history. Night-shift work was not a central focus of the in-
terview, nor was it suspected to be important in cancer
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etiology at the time of interview. It was rather an incidental
piece of information that was collected. Accordingly, it
seems implausible that popular beliefs would have influ-
enced subjects’ reporting of night work or the manner in
which the information was elicited by the interviewers. The
one feature of our study that could have led to differential
information quality is the fact that 17.6% of case interviews
and 12.9% of control interviews were with proxy respon-
dents, most often the spouse of the subject. Results (not
shown) of analyses restricting the data to self-respondents
were very similar to those shown in Table 4. Nondif-
ferential exposure misclassification would have attenuated
rather than exaggerated the results of any case-control
comparisons.

We dealt with possible confounding by accounting for
several relevant covariates for which information was col-
lected with varying levels of detail. For instance, our re-
gression models included in-depth information on smoking
parameters, such as amount, duration, and time since quit-
ting, but limited information on body mass index, which
was based on self-reported weight at one point in time
“while in good health.” The possibility of residual con-
founding by smoking or the possibility that our adjustment
for body size was suboptimal cannot be ruled out, regard-
less of the amount of information collected. The possibility
that there was an unmeasured confounder that could have
distorted the associations for approximately 10 cancer sites
is most implausible, since that unmeasured confounder
would have to be a powerful yet unrecognized risk factor
for cancer at all of those sites and would have to be
strongly correlated with night work. Finally, some cancer
sites had small numbers of cases, which influenced statisti-
cal precision.

There are different ways in which night work might be
ascertained in epidemiologic studies, and these measures
may have different degrees of validity (50). By contrast
with some other studies, which used indirect methods, our
ascertainment of night work was based on a complete life-
time history of night work as reported explicitly by the in-
dividual. On the basis of such data, we were able to
compute the lifetime cumulative duration of night work ex-
posure for each subject—an important dimension to consid-
er (50). Unfortunately, the questionnaire did not collect
data on light intensity levels (12, 17), type of shifts (fixed
vs. rotating) (39), or other aspects of night work, such as
direction and rate of shift rotation, rest periods after shift
work, light-at-night exposure during sleep and during
leisure time, and characteristics of the individual, such as
chronotype (morning person vs. evening person) (50).
Moreover, we did not elicit information about the frequen-
cy of night work within a given job. However, considering
the reported jobs that entailed shift work in this population,
we can suppose that shift work tended to be more often
frequent than occasional, as these jobs typically entail
regular night work.

In order to evaluate whether the control group was
somehow unrepresentative of the base population, we com-
pared the distribution of job titles held by control subjects
with the distribution of occupations registered in the Cana-
dian censuses of the base population over the years covered
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by the study (unpublished results). Our sample and the
base population were very similar in terms of their occupa-
tional profiles, suggesting that selection bias is an unlikely
explanation for the positive associations observed.

A final observation that is germane to the question of the
“validity” of the control group is that our research team has
carried out hundreds of analyses of occupational associa-
tions in this data set over the years (24-26, 28, 51, 52), and
in these analyses there has not been a tendency for indis-
criminately high risks to be observed in case-control com-
parisons. Some high risks were detected for some
occupational agents, but these tended to be localized at one
or two cancer sites.

While it remains possible that some methodological
factors might have led to the high odds ratios we observed
for many sites, none of the sensitivity analyses we conduct-
ed provided indications in this direction. Statistical fluctua-
tion is always a possible explanation for unexpected
findings. In our case, confidence intervals have to be inter-
preted with more caution than is often the case, because in
reality the results for different sites are not independent of
each other. If the proportion of night workers happened to
be low by chance among the sample of 512 controls in this
study, that would have manifested in systematically elevat-
ed odds ratios for all cancer sites. Nevertheless, the propor-
tion of shift workers (14.5%) in the control group did not
appear to be unlike what would be expected in the general
male population of Canada (53). Our best speculation is
either that our results reflect a chance-induced low propor-
tion of night workers among the 512 participating controls
or that there was an indication of excess risk of cancer at
several sites in relation to night work. One line of evidence
that can be seen in support of the hypothesis that light ex-
posure could have a systemic effect on cancer risk stems
from a Swedish report that blind people have a reduced risk
of cancer at several sites (54).

With accruing epidemiologic and experimental evidence,
and because of the increasing prevalence of night work,
further exploration of the hypothesis is warranted. Future
epidemiologic studies should incorporate better and more
precise methods of systematically assessing exposure to
night work and nocturnal light and melatonin levels (55).
Sleep deprivation and disruption of circadian rhythms are
other factors related to the significant features of night
work (41) that might play an etiologic role and should be
taken into consideration.

Conclusion

Several studies have documented night-shift work to be
associated with an increased risk of breast cancer, and a
few have documented associations with prostate and colo-
rectal cancer. The observation here of elevated risks for
several other types of cancer is novel. The consistent posi-
tive association could not be ascribed to an identifiable
methodological bias, but chance cannot be ruled out as an
explanation for these findings. Our results lend some
support to the hypothesis that night work might lead to an
increase in cancer risk.
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