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Objective  Six-sulfatoxymelatonin (aMT6s) is a primary urinary metabolite of melatonin. We examined the
association between aMT6s levels and shift work estimated by a job exposure matrix (JEM) among healthy
participants of the Shanghai Women’s Health Study.

Methods Creatinine-adjusted aMT6s levels were measured in the urine samples of 300 women and related to
JEM shift work categories.

Results Adjusted geometric means of aMTés levels from urine samples collected before 08:00 hours were
lower among persons holding nighttime shift work jobs. The adjusted aMT6s levels (ng/mg creatinine) were
8.36 [95% confidence intervals (95% CI) 4.47-15.6], 6.37 (95% CI 3.53-11.5), 6.20 (95% CI 3.33-11.5), 3.81
(95% CI1 2.02-7.19), and 3.70 (95% CI 1.92-7.11) from the lowest (never held a shift work job) to the highest
(current job likely involved all-night shift work) shift work JEM scores (P=0.05).

Conclusion Our results indicate that night shift work JEM scores were significantly and inversely associated
with aMT6s levels in early morning spot urine samples collected between 07:00—-08:00 hours.
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Night shift work has been associated with both lower
melatonin levels and an increased cancer risk in epi-
demiological studies (1-3). The International Agency
for Research on Cancer (IARC) has classified shift
work involving disruption of circadian rhythms as a
probable cause of human cancer based on sufficient
animal evidence but limited epidemiologic data (4). The
investigation of the role of night shift work in relation
to cancer risk in human populations is hampered by the
inconsistent definition and measurement of shift work
in epidemiologic studies. Only limited studies have
collected data on shift work (5—11), while other studies
have relied on methods such as the job exposure matrix
(JEM) to estimate night shift work from lifetime occu-
pational history or occupation data reported to census
(12—-15). Although JEM has been used extensively to
evaluate a wide variety of occupational exposures in

relation to disease risks, its use in studies of night shift
work has been relatively limited. Reasons for the dearth
of JEM-based shift work studies are unclear but may be
partly due to the difficulties in using JEM to estimate
night shift work and concern for the potentially sizable
misclassification that may occur (16, 17). A decreased
melatonin level during periods of night shift work is a
hypothesized mechanism through which night shift work
is linked to cancer risk (18). Melatonin is secreted by
the pineal gland during the dark phase of the light—dark
cycle in a 24-hour daily rhythm. In a typical nighttime
sleep cycle, melatonin reaches its peak level during
the early morning hours (around 02:00-03:00 hours),
and the level remains low during day time (19, 20).
Six-sulfatoxymelatonin (aMT6s) is a primary urinary
metabolite of melatonin (21). Previous studies have
found that night shift work or light exposure at night
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could reduce secretion of melatonin and was associated
with lower levels of urinary aMT6s (21-29).
Epidemiologic studies of the association between
urinary melatonin and shift work mainly measured
aMT6s in 24-hour or morning first-void urine samples
(27, 30). However, collection of 24-hour or morning
first-void urine samples is challenging for most large
prospective cohort studies. Daytime spot urine samples,
however, have been collected in a few cohorts at the
time of baseline interview, and these could be used in
shift work investigations. An additional limitation is
that not all cohort studies include a detailed shift work
questionnaire. Many, however, have collected an occu-
pational history (1-3). If future studies could rely on a
shift work JEM and spot urine samples for assessment of
melatonin levels, it would expand the opportunities for
examining adverse health risk in relation to night shift
work. The present pilot study was conducted to examine
the association between night shift work JEM scores
and aMT6s levels tested in spot urine samples among
healthy Chinese women participating in the population-
based Shanghai Women’s Health Study (SWHS) cohort.

Methods

The SWHS has been described in detail elsewhere (31).
Between March 1997 and May 2000, all eligible women
aged 40-70 years residing permanently in seven com-
munities of urban Shanghai were invited to participate,
74 942 (93%) of whom responded. At baseline, in-person
interviews were conducted to obtain information on
demographic background, history of tobacco smoking and
alcohol use, leisure-time physical activities, height and
weight history, family history of cancer, reproductive fac-
tors, and a lifetime occupational history that included job
title, factory name (industry), job descriptions, and years
starting and ending the jobs. Over 88% of participants
provided a spot urine sample at baseline. The samples
were kept cold and processed within 6 hours of collection
for long-term storage at -70°C. During the second follow-
up four years later, a self-reported night shift work history
was elicited. A written informed consent was obtained
from all study participants. The Institutional Review
Boards of all participating study centers in China and the
United States approved the study.

An industrial hygienist familiar with local industrial
conditions developed a night shift JEM based on data in
the lifetime occupational history reported by all cohort
participants at baseline. The JEM categorized all jobs
into “never”, “low”, “median”, and “high” likelihood
of exposure to night shift work (32). By using the same
definitions of the JEM night shift work categories on
the current job at baseline when the urine samples were
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collected, we recategorized the exposure into 5 catego-
ries by adding 2 additional categories among those who
were currently not involved in a night shift job: 1=never
held a job involving night shift lifetime; 2=did not have
a current night shift job at baseline (ie, at the time of
urine collection) but had >1 job involving shift work in
the past; 3=current job involving incidental night shift
work (eg, reporters and army personnel); 4=current job
likely involving the night shift, but entails working only
part of the night or being on call (eg, physicians and bak-
ers); and S=current job involving all-night shifts without
sleep (eg, nurses and certain production workers).

For the pilot study, only healthy women employed
at the time of urine collection were included. Women
were stratified and randomly selected within each stra-
tum to provide equal numbers at each level of the JEM
score and at four time segments of sample collec-
tion (early morning 07:00—8:00 hours, middle morning
08:01-10:00 hours, late morning 10:01-12:00, and
afternoon 12:01 and later). A total of 300 women with
urine samples were included.

Urinary aMT6s was assayed at the Johns Hopkins
University Bayview Medical Center Core Laboratory
using Bohlmann 6-sulfatoxymelatonin ELISA assay kit
(ALPCO Cat# 01-EK-M6S, Windham, NH, USA). For
comparison, we also assayed urinary levels of cortisol, a
major mediator of the neuroendocrine response to stress
that may be influenced by circadian rhythm (26-28).
Urinary-free cortisol concentration was measured by
using APLCO cortisol urine ELISA assay kit (ALPCO
Cat# 33-10110, Windham, NH, USA). All urinary mea-
surements were adjusted for creatinine [ng/mg creati-
nine (Cr)] and transformed into logarithmic values for
statistical analysis. After excluding subjects with outlier
values (defined as >3 times the standard deviation from
the logarithmic average), 296 subjects remained in all
data analyses.

Data analyses were conducted using the SAS MIXED
procedure by setting aMT6s as a response variable to fit
linear regression models to calculate estimated means of
aMT6s by night shift work JEM levels, sample collec-
tion time, and other covariates. These included: age at
sample collection (age 40—<45 and 45-70 years), educa-
tion levels (college or higher, high school, and middle
schooland lower), body mass index (BMI, measured at
baseline) (quartile: <21.1, >21.1-<22.9, >22.9— <25 4,
and >25.4 kg/m?), alcohol consumption (yes, no), meno-
pausal status (pre- versus post-menopausal), number of
live births (0—1 and >2 children), and creatinine-adjusted
urinary cortisol level (quartile: <136.5, >136.5-<197.9,
>197.9-<297.1, and >297.1 ng/mg Cr). Additional
adjustment in multivariate models for other factors
potentially associated with aMT6s level (such as smok-
ing, tea drinking, ever took Chinese medicine in the
past 24 hours of urine collection, oral contraceptive



use, and months of sample collection in a year) did not
change the associations between urinary aMT6s or cor-
tisol levels and night shift work JEM scores. Therefore,
these factors were not included in the final models. All
means were back-transformed to present results in the
original scale of nanograms aMT6s or cortisol/mg Cr
(geometric means).

Results

Of the 296 women in this study, the median age was 45
years, and >47% had high school or greater education.
The median BMI was 23.4 kg/m?. Only 2.7% ever drank
alcohol and 1.7% ever smoked cigarettes. Almost all
women had at least a live birth (97.6%), and 50 (16.9%)
had >2 live births. Less than one quarter (23.3%) were
post-menopausal at enrollment.

The arithmetic mean was 6.30 ng/mg Cr with the
range between the 25" and 75" percentiles 2.09-6.59
ng/mg Cr for aMT6s and 104.6 ng/mg Cr with the range
between the 25" and 75" percentiles 118.4-229.5 ng/mg
Cr for cortisol. Only geometric means were presented
in the final analyses due to skewed distributions of the
urine measurements. The overall geometric mean level
of aMT6s was 4.07 ng/mg Cr with the highest (8.32 ng/
mg Cr) in urine samples collected in the early morning
(07:00-08:00 hours), and consistently decreasing in
samples collected later in the day (table 1). The levels
were 4.54, 3.57, and 2.06 ng/mg Cr in urine samples col-
lected in middle morning (8:01-10:00 hours), late morn-
ing (10:01-12:00 hours), and afternoon (12:01 hours and
later), respectively. A similar pattern was observed for
urinary levels of cortisol, with the highest level (201.2
ng/mg Cr) in samples collected in the early morning and
the lowest level (127.7 ng/mg Cr) in samples collected
in the afternoon. The overall geometric mean level of
cortisol was 167.1 ng/mg Cr.

Figure la shows the association between urinary

Table 1. Observed creatinine (Cr)-adjusted geometric means
(GM) of 6-sulfatoxymelatonin (aMT6s) and cortisol levels (ng/
mg Cr) by four time segments of urine sample collection (hour)
in 296 urine samples, Shanghai Women’s Health Study, China.
[SD=standard deviation]

Sample collection time N aMT6s Cortisol
(ng/mg Cr) (ng/mg Cr)
GM SD GM SD
07:00-08:00 73 8.32 232 2012 176
08:01-10:00 75 454 212 1917 155
10:01-12:00 74 3.57 210 1582  1.46
12:01-19:00 74 2.06 162 1277 156
Any time 296 4.07 2.38 1671 1.64
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aMT6s levels and night shift JEM scores by the four
different time segments of urine sample collection. The
inverse trends of aMT6s by night shift work JEM scores
was only seen in the early morning urine samples. No
associations between urinary aMT6s and night shift
work JEM scores were observed in urine samples col-
lected at later times of the day or in all urine samples.
In contrast, urinary cortisol levels were not associated
with JEM scores in samples collected at any time dur-
ing the day, including the early morning urine samples
(figure 1b).

We conducted further analysis restricted to samples
collected during 07:00-8:00 hours. In multivariate mod-
els, we examined whether aMT6s levels varied by life-
style and reproductive factors (table 2). Urinary aMT6s
levels tended to be higher among women who were
<45 years, had at least some college education, did not
consume alcohol, had only <1 live birth, or were post-
menopausal at the time of urine donation, although the
differences were not statistically significant. The aMT6s
level was lowest among women in the highest quartile
of BMI (>25.4 kg/m?) or with below median level of
urinary cortisol.

Urinary aMT6s levels from early-morning urine col-
lection decreased with increasing JEM scores (table 3).
The estimated aMT6s levels were reduced in all night
shift JEM categories in the fully adjusted models that
included age, education, BMI, alcohol consumption,
menopausal status, number of live births, and urinary
cortisol levels. The adjusted aMT6s levels decreased
from 8.36 ng/mg Cr [95% confidence interval (95% CI)
4.47-15.6] in the lowest night shift JEM score category
(never held a job with shift work in lifetime) to 3.70 ng/
mg Cr (95% CI 1.92-7.11) in the highest category (cur-
rent job likely involved all-night shift work) (P=0.05).

Discussion

In this cross-section of middle-aged working Chinese
women, we found that aMT6s levels in spot urine
samples collected in the early morning (07:00—8:00
hours) consistently decreased with increasing likelihood
of night shift work as indicated by the JEM score. In
contrast, inverse associations between night shift work
and aMT6s levels were not observed in urine samples
collected after 08:00 hours.

Exposure to light at night has been documented to
suppress the secretion of melatonin (19, 21-27). Night
shift work, a surrogate for exposure to light at night, has
also been shown to lower urinary aMT6s levels among
exposed workers (22-29). Our observation of an inverse
association between night shift work and aMT6s levels
in the early morning urine samples is consistent with
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Figure 1a. Observed creatinine-
adjusted geometric mean 6-sulfa-
toxymelatonin (aMT6s) levels
(ng/mg Cr) by nightshift job ex-
posure matrix (JEM) score index,
Shanghai Women’s Health Study,
China. Night shift JEM score index:
1=neverhadanightshiftworkjobin
lifetime; 2=currently did not have a
nightshiftworkjob buthad>1inthe
past; 3=currentjob had a nightshift
JEM score of 1; 4=current job had
anightshift JEM score of 2; 5=cur-
rentjob had anight shift JEM score
of 3. Different sample collection

times (07:00-8:00, 8:01-10:00,
10:01-12:00, 12:01-19:00 hours,
and all time periods).

Figure 1b. Observed creatinine-
adjusted geometric mean cortisol
levels (ng/mg Cr) by nightshift
job exposure matrix (JEM) score
index, Shanghai Women’s Health
Study, China. Night shift JEM score
index: 1=never had a nightshift
work job in lifetime; 2=currently
did not have a night shift work job
but had >1 in the past; 3=current
job had a nights hift JEM score of
1; 4=current job had a nightshift
JEM score of 2; 5=current job
had a night shift JEM score of
3. Different sample collection
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times (07:00-8:00, 8:01-10:00,
10:01-12:00, 12:01-19:00 hours,
and all time periods).

previous work and suggests that spot urine samples col-
lected in the early morning may be used for studies using
aMT6s and shift work. Since melatonin level quickly
declines throughout the course of a day (19-20), spot
urine samples collected later in the day would not be
suitable for evaluation of aMT6s levels as suggested by
its lack of correlation with night shift work in samples
collected after 08:00 hours in our study.

The reliability of occupational exposure assessments
based on JEM has been questioned since this approach
depends largely on the subjective professional judgment
of an industrial hygienist or occupational expert (33).
Construction of a JEM for shift work maybe especially
challenging. Our findings of an inverse association
between night shift work JEM and aMT6s levels in
early-morning urine samples, however, provides some
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validation of the JEM approach for the assessment of
shift work in our study population. Although the shift
work JEM developed for the SWHS must have consid-
erable misclassification error, based on the correlation
with urinary aMT6s, it would appear to be useful for
epidemiologic evaluations. The specificity of the asso-
ciations of night shift work with aMT6s, but not with
urinary cortisol levels, also adds credibility to our find-
ing. This lack of an association between urinary cortisol
levels and night shift JEM score in the SWHS pilot
resembles findings among policemen where long-term
night shift work was also not associated with the cortisol
response (34). Some previous studies, however, have
found that night shift work inversely reduced cortisol
secretion (35-36). Since many epidemiologic studies did
not collect information on shift work, but most collected



Table 2. Estimated [creatinine (Cr)-adjusted] geometric means
(GM) of urinary 6-sulfatoxymelatonin (aMT6s) by lifestyle factors in
the early-morning urine samples, Shanghai Women’s Health Study,
China. [95% Cl=95% confidence interval; BMI=bhody mass index]

Lifestyle factors N GM 95% Cl P-value
(ng/mg Cr)
Age at sample collection 0.57
40-<45 years 41 6.32 3.47-11.51
45-70 years 32 5.55 3.35-9.20
Education 0.33
College or higher 17 7.49 4.16-13.50
High school 24 4.78 2.54-9.00
Middle school and lower 32 5.80 3.31-10.16
BMI (kg/m2) 2 0.06
Q1 (<21.1) 19 6.45 3.42-12.17
Q2 (>21.1-<22.9) 18 6.13 3.14-11.96
Q3 (>22.9-<25.4) 17 8.35 4.74-14.71
Q4 (>25.4) 19 3.73 2.06-6.73
Ever alcohol consumption 0.25
Yes 2 4.29 1.59-11.59
No 71 8.18 5.57-12.02
Number of live births 0.41
0-1 62 6.95 3.75-12.89
>2 1 5.05 2.62-9.73
Menopausal status 0.72
Post-menopause 10 5.59 3.27-9.56
Pre-menopause 63 6.28 3.26-12.10
Cortisol 2 0.05
Q1 (<136.5) 18 9.16 5.04-16.64
Q2 (>136.5-<197.9) 19 6.21 3.46-11.13
Q3 (>197.9-<297.1) 18 412 219-7.77
Q4 (>297.1) 18 5.26 2.79-9.89

@ Quartiles of BMI and cortisol levels were cut according to their distribu-
tions in the early-morning urine samples.

lifetime occupational history, the ability to use night
shift JEM for exposure characterization considerably
broadens opportunities for further evaluation of health
effects of shift work. However, it is unclear whether this
approach, ie, using JEM to assess shift work exposure
and using spot urine collected in the early morning
to assess melatonin levels, would work as effectively
in studies conducted in other settings. Individuals in
Shanghai do not have as many lifetime jobs as may be
the case in other populations. Our results are encour-
aging, but additional pilot work may be necessary for
studies conducted under different settings.

Our study was limited in that we were not able to
verify the night shift work JEM score directly because
information on night shift work pattern was not collected
for each job in the participants’ occupational history.
However, the JEM scoring was conducted by an experi-
enced, local industrial hygienist who is familiar with the
Shanghai work environment. Our study was also limited
by the lack of sequential urine samples collected dur-
ing different times of the day including first-void urine
samples for the same individuals to examine whether the
relative associations with JEM scores can be maintained

Jietal

Table 3. Estimated geometric means (GM) of urinary 6-sulfa-
toxymelatonin (aMT6s) by nightshift job exposure matrix (JEM)
score index in the early-morning urine samples, Shanghai Wom-
en’s Health Study, China. [95% Cl=95% confidence interval;
BMI=body mass index; Cr=creatine]

Night shift N Non-adjusted Adjusted ©
JEW score GM_ 95%Clc  GM _ 95%Cl¢
(ng/mg Cr) (ng/mg Cr)

1 14 12.42  8.03-19.22 8.36 4.47-15.63
2 15 8.01 5.25-12.20 6.37 3.53-11.46
3 15 10.21  6.70-15.56 6.20 3.33-11.52
4 15 6.34 4.16-9.67 3.81 2.02-7.19
5 14 6.23 4.03-9.63 3.70 1.92-7.11

2 Nightshift JEM score index: 1=never had a night shift work job in
lifetime; 2=currently did not have a night shift work job but had >1 in
the past; 3=current job had a night shift JEM score of 1; 4=current job
had a nightshift JEM score of 2; 5=current job had a night shift JEM
score of 3.

® GM of Cr-adjusted aMT6s urinary concentration controlled for age
(40—<45 and 45-70 years); education (college or higher, high school,
and middle school and lower), BMI (<21.1, >21.1-<22.9, >22.9-
<25.4, and >25.4 kg/m2), ever alcohol consumption (ever, never),
menopausal status (pre- and post-menopausal), number of live births
(0-1 and >2 children), and urinary cortisol level (<136.5, >136.5—
<197.9, >197.9-<297.1, and >297.1 ng/mg Cr).

¢ P-value for trend=0.11.
d P-value for trend=0.05.

using samples stratified by time segment of collection,
despite the generally lower levels of aMT6s in samples
collected later in the day than in samples collected
before 08:00 hours. In addition, urine aMT6s levels in
our study were relatively lower compared to the levels
in other urine assays from different populations (30,
37-39). The possible reason might be due largely to not
using the first-void spot urine samples since the urine
melatonin levels are very time-sensitive and quickly
reduced during daytime.

In conclusion, JEM scores of night shift work as a
surrogate for light exposure at night were significantly
and inversely associated with urinary aMT6s levels
in spot urine samples collected in the early morning
(07:00-8:00 hours).
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