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Abstract

Shift work is a common occupational exposure, however, few studies have examined aspects

of shift work beyond night work and long hours, such as rotational patterns or weekend work,
which may contribute to poor health through disruption of the body’s circadian rhythms. In this
manuscript, we calculated the prevalence of working hour characteristics using algorithms for
type (e.g., day), duration, intensity, rotational direction, and social aspects (e.g., weekend work)
in a nationwide cohort of American manufacturing workers (N=23,044) between 2003-2014.
Distributions of working hour characteristics were examined by schedules (e.g., permanent day,
day/night) and demographics, and were cross-classified in a matrix to examine co-occurrence.

Approximately 55% of shifts may cause circadian rhythm disruption as they were non-day shifts
or day shifts with a quick return or rotation, or were 13 hours or longer. Older workers, female
workers, and White workers worked permanent day shifts most often, while workers of color
worked more day/night schedules. Night and evening shifts had more frequent shift rotations,
quick returns, and longer hours than day shifts. Yet, day shifts, which are presumed to have little
negative circadian impact, may cause circadian rhythm disruption as long hours, quick returns and
rotations also occurred within day shifts.
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Introduction

Shift work continues to be an important occupational exposure with a prevalence of near
20% of the US workforce (Demetriades and Pedersini 2008; Straif et al. 2007; United States
Bureau of Labor 2004). Shift work has been associated with increased risk of cardiovascular
disease (Mosendane, Mosendane, and Raal 2008; Skogstad et al. 2019; Lunde et al. 2020;
Akerstedt et al. 1984; Hublin et al. 2010), injury(Mustard et al. 2013; Nielsen et al. 2011),
hypertension (Manohar et al. 2017; J. M. Ferguson et al. 2019), breast cancer (Hansen
2017), psychological and mental health disorders (Lee et al. 2017; Costa 2010), diabetes
(Pan et al. 2011; Morikawa et al. 2005; Gan et al. 2015; Knutsson and Kempe 2014),
metabolic syndrome (Lu et al. 2017; Lin, Hsiao, and Chen 2009; Wang et al. 2014) and
fatigue (Cunningham et al. 2022). However, the term “shift work’ is often vaguely defined
and generically used to describe any non-standard work schedule that has one or more
characteristics such as occurring at night, changing start times (rotational work), or long
hours (Straif et al. 2007). Yet, definitions of these characteristics of shift work are not
standardized or well described across working populations. Moreover, few studies have
examined aspects of shift work beyond night work and long hours, such as rotational pattern,
limited time off, or weekend work, which may also contribute to increased risks of adverse
health outcomes.

To clarify adverse aspects of shift work and improve exposure classification, more specific
definitions of shift work have recently been proposed - “working hour characteristics”
(Stevens et al. 2011). Working hour characteristics classify specific components of work,
such as night work or long hours, which may be relevant for worker health. Working hour
characteristics were categorized into large ‘domains’ of interest defined by the International
Agency for Research on Cancer Working Group in 2009 following their 2007 classification
of “shift work that involves circadian rhythm disruption as a probable human carcinogen”
(Straif et al. 2007; Stevens et al. 2011). While many domains were identified in the IARC
report, five key domains of interest that can be calculated from time registry data are 1) Shift
type, 2) Duration, 3) Intensity, 4) Rotational Pattern, and 5) Social aspects of working time;
with each containing several working hour characteristics (Stevens et al. 2011; Straif et al.
2007). These five domains are described as follows:

The shift type domain contains working hour characteristics of morning, day, evening, and
night shifts. These working hour characteristics are defined by starting time and duration,

to estimate displacement from solar day and the resulting circadian phase shift. While the
impact of night shifts on human health have been studied extensively (Manohar et al. 2017;
Hansen 2017), shifts with start times in early morning or evening may be equally disruptive
to circadian rhythms, while day shifts are presumed to have a no impact (Harma et al. 2015).

The duration domain characterizes the length of shift, workday, or work weeks in order

to capture the displacement of normal sleeping times. Long working hours are risk factors
for diabetes and cardiovascular disease (Kiviméki, Jokela, et al. 2015; Kivimaki, Virtanen,
et al. 2015; Hannerz, Larsen, and Garde 2018; Hannerz et al. 2018). Longer shifts may
indirectly cause circadian rhythm disruption by reducing recovery time between working
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periods which impacts the speed at which a worker entrains their circadian rhythm to solar
day (Stevens et al. 2011). Long working hours may also independently impact worker health
through sleep disruption and resulting fatigue (Cunningham et al. 2022).

The intensity domain contains working hour characteristics such as quick returns, which are
designed to capture reduced recovery time between working periods, while the rotational
direction domain contains working hour characteristics like the frequency and direction of
rotation. By capturing rotation frequency, we hope to estimate the effect of repeat circadian
rhythm phase shifts (Stevens et al. 2011; Straif et al. 2007).

The rotational direction domain distinguishes clockwise/forward rotating (morning to
afternoon to night shift) from counter clockwise/backward rotating (night to afternoon to
morning shift). The last domain, social aspects of working time, includes working hour
characteristics such as weekend work which are critical for maintaining regularity of
household and family tasks (Straif et al. 2007).

Previous studies suggest working hours that combine multiple characteristics, such as night
work and rotating shifts, may confer multiplicative or more than additive increases in risk
of adverse health outcomes (J. M. Ferguson et al. 2019; Straif et al. 2007). Prior work has
also emphasized the need to conceptualize working hour characteristics as a ‘ecosystem’
rather than evaluate risks in one dimension at a time (S. A. Ferguson and Dawson 2012).
However, evidence is limited as the co-occurrence of the different characteristics among a
worker population have not been examined; as cohort studies to date are not well suited to
classify more than one domain due to lower resolution data sources such as surveys (Harmé
et al. 2015). A major limitation of the existing literature is the lack of detail regarding shift
work exposure. Most studies classify shift work into dichotomous metrics of night work

vs. day work, rotational work vs. non-rotational work, or long hours vs. regular hours due
to self-reported and low-definition data sources such as questionnaires. These general and
individual classifications limit our understanding of which components of shift work are
responsible for increased risk of poor health through circadian rhythm disruption. In order to
understand the etiological effect of shift work on human health, it is critical to examine the
joint impact of working hour characteristics.

The goal of this study was to operationalize these domains in a US manufacturing cohort
using daily administrative time clock data. In this report we identify the co-occurrence of
different working hour characteristics classified by domains of shift type, duration, intensity,
rotation pattern, and social aspects of working time in a cohort of light metal manufacturing
workers. We also identify potential social disparities in exposures potentially related to
circadian rhythm disruption by describing the distribution of working hour characteristics by
demographics and annual shift schedules.

Study Population

The subset of the American Manufacturing Cohort (AMC) population eligible for this
analysis includes 28,331 active hourly workers with time-registry data (Elser et al. 2019).
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Workers were employed between 2003 and 2014 and performed blue-collar work (i.e.

jobs requiring manual labor) in smelters, refineries and fabrication in jobs such as anode
assembly operator, sheet finishing, pack/ship operator, casting, autoclaving, and electrical
or mechanical maintenance (Noth et al. 2013). Information on employee demographics and
employment histories were obtained from deidentified company personnel files, employment
records, and insurance claims. Workers were employed in 54 plants; 51 of which operated
24 hours a day, 7 days a week. To evaluate the distribution of work time patterns among
full time employees, the study population was limited to employees working more than 150
work days a year (N=23,095) and excluded 5,236 part-time workers. Plants with fewer than
50 employees were excluded (N=3 plants, 51 workers). The final study population included
23,044 workers with over 22.4 million shifts at 51 plants.

Sources of Working Time & Data Quality

Daily working hour data retrieved from two time-registry systems spanning 2003-2009 and
2009-2014 were used to calculate hours worked from January 15t 2003 through December
31, 2014. The data included details on start and end times of a shift to every billable second
(i.e., the smallest time unit) and their associated pay codes (e.g., surcharges due to night
shifts, overtime hours, call-in work). Data also included what each unit of time corresponded
to in terms of active work time and compensation (e.g., grace time to put on personal
protective equipment and walk to station, sick time/paid time off, vacation, or unexcused
absence).

Time data were cleaned following previously described time-oriented data cleaning
taxonomies (Gschwandtner et al. 2012). Consecutive working hours with less than one hour
between them were considered one continuous shift as short gaps between billable hours
were overwhelmingly associated with and coded as meal breaks. Data were compressed into
one row keeping the earliest starting time and/or the latest ending time. Shifts over 18 hours
(<1%) were excluded as they likely represented paid time during which employees were
allowed to sleep (e.g., manager on-call hours). Shifts less than 3 hours were excluded (<1%)
similar to prior work as shifts smaller than 3 hours cannot be defined as a night or day shift
(Harma et al. 2015). Shifts that represented paid and non-paid time off work (e.g., sick leave,
vacation etc.) were excluded (N=2.5 million)

Definitions of Annual Shift Schedule

Person-years were classified into annual shift schedules by combinations of permanent and
rotating day, evening, and night. Shift schedules were defined using definitions developed by
Garde et al. 2018, where schedules are intended to capture the predominant pattern of work.
For example, a “permanent day schedule” was a person-year with = 6.7% day shifts (10 or
fewer shifts a year) and < 6.7% evening and < 6.7% night shifts. In comparison, a “day/night
schedule” had = 6.7% day and = 6.7% night shifts but < 6.7% evening shifts (Garde et al.
2018). Morning shifts were considered day shifts when defining yearly shift schedules in
this cohort due to their rarity and similarity in start times and duration similar to work by
Garde et al. 2018.
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Definitions of Working Time Characteristics

The definitions for each working hour characteristic are presented in Appendix Table 1.
Shifts were classified using binary definitions for working time data developed by Harma

et al. 2018 and Garde at al. 2018 for shift type, quick returns, and long shifts. These
definitions were first implemented in a Scandinavian healthcare work force (Garde et al.
2018). Therefore, to accommodate the norm of longer shifts and more hours worked during
the week in this sector of the American manufacturing work force, supplemental definitions
were added by modifying binary variable cut-points. Modifications included a secondary
definition for long shifts (from = 12 hours to =13 hours) and two alternative definitions for
long work weeks (from =40 hours to 248 and =60 hours). The definition for a morning

shift was also slightly adapted to fit this population as workers for the 6:00am shift often
clocked in 10-15 minutes prior to their shift start to prepare for their shift (e.g., unpaid time
where workers put on protective equipment and walk to work station). Therefore, we defined
morning shifts as a shift that starts after 03:00 and not later than 05:30 (Harma definition:
06:00). Day shifts were defined as a shift that starts after 05:30 (Harmé definition: 06:00)
and ends no later than 21:00. Novel definitions for the direction of rotations were developed
from previously applied definitions for classifying rotations in this cohort (J. M. Ferguson et
al. 2019).

Statistical Analysis

We calculated the frequency of working hour characteristics of shift type, quick returns,
long shifts, rotation direction, and weekend work over 12 years. We then examined four
joint distributions. First, the distribution of annual shift schedule by age, race and gender
was examined (i.e., what proportion of Black workers worked the permanent night shift
schedule). Second, the prevalence of each working hour characteristic by person year and
annual shift schedules was examined (i.e., what proportion of shifts worked by permanent
day workers were night shifts). Third, the prevalence of each working hour characteristic by
age, race and gender (i.e., what proportion of shifts worked by Black workers were night
shifts). Fourth, each working hour characteristic was cross-classified in a matrix to examine
its co-occurrence with all other working hour characteristics (i.e., what proportion of night
shifts were also long shifts).

Non-parametric tests of trend across ranks of ordered groups (an extension of the Wilcoxon
rank sum test)(Cuzick 1985) and chi-squared tests were used to identify trends and the
statistical significance of differences (a=0.05) between categories of annual shift schedules,
race, age categories, and gender. All data cleaning and statistical analyses were conducted on
deidentified data and performed in Stata version 15, 2017 (StataCorp LLC, College Station
TX). Clock plot graphics were produced using R software (version 3.5.2) with code adapted
from Zoonekynd et al. (Zoonekynd and Gama 2012). The Institutional Review Board at the
University of California, Berkeley (Protocol ID: 2010-07-1823) and at Stanford University
(Protocol ID: 55306) approved this study.
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This study population includes 23,044 eligible workers (Table 1) with over 22.4 million
shifts worked. While the cohort comprised mostly White men between ages 30-60 years
old, 25% of the cohort was non-White and the most common racial group after White was
Black/African American (14% of workers). Of the 51 plants in the cohort, only seven were
followed for the full 12 years. The mean length of follow-up across locations was four
years. Due to the change in time-registry systems in 2009 and the acquisition of new plants,
the distribution of plants and employees changed over the course of the study period. On
average, for each year between 2003-2008, roughly 7,000 workers were employed in 30
plants. In 2009, the year of transition between the two time-registry systems, only 4,183
were employed in 17 plants, but between 2010 and 2014, on average 10,500 workers were
employed across 31 plants, representing new plant acquisitions.

All plants operated with either two 12-hour shifts or three 8-hour shifts. The majority of the
plants operated 24-hours, 7 days a week; however, three plants had a day shift of either 8

or 12 hours but no night shift. As seen in the Figure 1 plot titled “All Shifts”, plants staffed
fewer workers at night compared to during the day. However, the presence of night workers
varied by location from a skeleton staff to a modest 10% reduction in workforce at night
(data not shown).

Distribution of Demographics by Annual Shift Schedule

Approximately half of the workers were on a rotational schedule, while the other half
worked a permanent schedule each year (Table 1). The most common annual schedules were
permanent day and rotating day/night. Differences in the distribution of annual schedules
were identified by gender, race and age. Men were more likely to work rotational schedules
than women (54.7% vs. 42.7% of person-years, chi squared p<0.01). Yet, more women
worked permanent night schedules than men (15% vs. 11%). White workers worked
permanent day shifts most often, while minorities including Black, Hispanic, or American
Indian workers were more likely to work day/night schedules. A strong age trend was
detected, as older workers were more likely to work permanent day shifts (p<0.01) and

less likely to work day/evening/night schedules (p<0.01) and day/night schedules compared
with younger workers (Table 1 and Appendix Figure 1, Test for trend: p<0.01). The largest
proportion of permanent night workers were 60 years of age or older.

Descriptive Statistics of Working Hour Characteristics in a Year

On average, each subject worked 227 shifts in each year; however, about 10% of the
population worked between 280 and 455 shifts per year (Table 2). The number of shifts can
exceed the number of days due to the presence of split shifts (multiple shifts <6 hours per
day with a break of more than an hour in between). In this population, it was normal to work
one to two weeks without a day off and to work 40% of the Saturdays and Sundays in a year
(45 of the total 105 weekend days per year). The average work week was 42 hours long.
While a worker on average rotated 19 times in a year, there was large variation, with some
workers never rotating (e.g., permanent schedules) while others rotated almost every other
shift.

Chronobiol Int. Author manuscript; available in PMC 2023 May 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ferguson et al.

Page 7

Distribution of Working Hour Characteristics by Demographics

Distribution

The majority of the shifts worked by men occurred in daylight hours. However, compared
with women, men worked over twice the number of shifts with quick returns (2.5% vs
5.8%), shifts with very quick returns (0.9% vs. 1.9%), shifts that were longer than 13 hours
(1.8 vs. 6.3%), work weeks longer than 60 hours (1.0% vs. 2.2%) and near twice the number
of shifts with a rotation (4.7% vs 9.3%) (Table 3). Women had higher proportions of shifts
that were evening shifts or morning shifts, lower proportions of shifts that occurred on the
weekend, and similar proportions of night work compared to men.

Over 50% of the shifts worked by White workers were day shifts compared to 39.7% to 48%
among persons of color (Table 3). American Indian/Alaska Native persons and Hispanic/
Latino persons had twice the proportion of morning shifts than all other race and ethnicity
groups. American Indian/Alaska Native workers also had the highest proportion of shifts
with extended hours (40.6% of shifts >12 hours, 7.3% of weeks >48 hours and 2.6% of
weeks over 60 hours). Black/African American workers and Multi-racial workers had the
highest proportion of shift with a rotation, but American Indian/Alaska Native workers had
the highest proportion of shifts with a flipped rotation.

Shifts worked by older workers had higher proportions of morning shifts, days shifts and
shifts with a quick return or a very quick return (Table 3). Shifts worked by younger
workers had higher proportions of evenings shifts, night shifts, weekend shifts, and shifts
with rotations. While younger workers had higher proportions of shifts that were longer than
12 hours, older workers had higher proportions of shifts that were longer than 13 hours.
There were only marginal differences between the proportion of work weeks with extended
hours by age.

of Working Hour Characteristics by Annual Shift Schedule

Distributions of quick returns, shift length, rotations, and amount of time off-work varied by
annual shift schedule as well (Table 4). Permanent day workers had the lowest percentage

of quick returns, rotations and weekend work, as well as long shifts (=13 hours) and long
work (=40 hours/week) despite the inclusion of morning shifts in the definition of permanent
day work. Notably, day/evening and day/evening/night schedules had higher percentages of
quick and very quick returns to work, as well as shifts 13 hours or longer. Additionally, day/
evening/night shifts had the highest percentages of rotations (19%) followed by day/night
schedules (16.9%). Shift duration, measured by length of hours per shift or week, fluctuated
only slightly across annual shift schedules, with the exception of day/night schedules that
had more 12-hour shifts than any other schedule

Co-occurrence of Working Hour Characteristics

Shifts were classified into morning (5.5%), day (50.2%), evening (16.2%), and night
(28.1%) (Table 5). Approximately 54.6% shifts occurred at non-day hours, included a quick
return, included long hours (=13 hours), or included a rotation, thus fall into categories that
are hypothesized to cause circadian rhythm disruption.
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Overall, the probability of co-occurrence between pairs of working hour characteristics
varied substantially. Among day shifts, 23.9% of shifts were 12 hours or longer, 6.2%
included a rotation, and 3.6% were quick returns. Compared with day shifts, night shifts
were more likely to be 12 hours or longer (48.2%), however, evening shifts were most often
13 hours or longer (13.6%). Night and evening shifts had the highest joint probability with
any type of rotation, but nights were twice as likely to include a flipped rotation when
compared with day (6.1% vs. 3.2%). Forward and flipped rotations rarely occurred with a
quick return (<1%), while 62.1% of backward rotations coincided with a quick return (<11
hours between shifts), and 25.1% with a very quick return (<8 hours between shifts).

Nearly all instances of quick returns co-occurred with the following conditions: a backwards
rotation (11.6%), a shift longer than 12 hours (0.76%), the previous shift was longer than 12
hours (31.8%), or a combination of all three (50.2%). The remaining 6% of quick returns
were attributable to a worker coming in earlier or staying later than normal but not with a
large enough difference to cause a rotation or qualify as a long shift (i.e., a shift <12 hours
long and starting <6 hours earlier).

Working shifts longer than 12 hours was fairly common in this cohort (30%) and working
shifts longer than 13 hours was relatively rare (5.6%). Compared with shifts shorter than

12 hours, shifts longer than 13 hours had a tenfold higher prevalence of co-occurring with

a backward rotation (16.3% vs. 1.7%) or co-occurring with a very quick return (12.2% vs.
1.4%). Weekend and weekday shifts had roughly the same joint probability with all working
hour characteristics with the exception of shift length; weekend shifts were more often

12 hours or longer (40.5% vs. 27.7%). However, there was a negligible difference in the
frequency of shifts 13 hours or longer (5.8% vs. 5.5%) among weekend and weekday shifts.

Discussion

Our results provide evidence that working hour characteristics hypothesized to cause
circadian rhythm disruption have a varying distribution across shift schedules and
demographic characteristics. While the literature has primarily focused on the health impacts
of night work, rotations, or long work, little attention has been paid to the co-occurrence of
working hour characteristics. In this cohort, night and evening shifts were more commonly
associated with longer work hours, rotations, and quick returns compared to morning shifts
or day shifts. Assuming an additive effect, night and evening shifts with longer work hours,
rotations, or quick returns may confer more disruption to workers’ circadian rhythm which
may contribute to the diverse adverse health effects seen among night workers.

Furthermore, these working hour characteristics that may cause circadian rhythm disruption
were not exclusively found in night or evening shifts. As expected, the day shift had

the lowest co-occurrence with quick returns, long work hours or weeks, and rotations.
However, working the day shift did not provide absolute protection from potentially
disruptive characteristics of working hours since long work hours, as well as quick returns
and rotations occurred when workers switched from morning to afternoon shifts (both
considered day work). Our work suggests that day workers are exposed to potentially
circadian rhythm disruptive shifts despite not working during biological night. This calls
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into question to de-facto assumption that day workers are an appropriate ‘unexposed’ group
for shift work as circadian rhythm disruption may be caused in part by long work hours,
rotations, or quick returns.

Of note, circadian rhythm disruption can be caused both directly through a phase shift

(such as those caused by a shift rotation) or indirectly through the disruption of the sleep/
wake cycle which are important for phase shift, phase resetting, and phase maintenance.
Both quick returns to work and long working hours may cause a disruption of the sleep/
wake cycle by restricting the number of non-work hours and hours available for sleep.
Furthermore, the association between long working hours and adverse human health may be
modified by the interaction of long working hours with non-day shift work as long shifts
may extend the hours working in a bright area and therefore increase the resulting phase
delay for workers on non-day shifts.

We also identified differences in the occurrence of specific patterns of rotation direction
(forward, backward, or flipped) and shift type. Flipped rotations more often co-occurred
with the 12-hour schedule of night/days whereas backward rotations were seen primarily
with night shifts on an 8-hour schedule. Forward rotations occurred equally among day,
night, and evening shifts. The direction of a rotation is important to consider because
forward rotations may be less disruptive to the circadian system than backwards or flipped
rotations (Knauth 1996; Bambra et al. 2008; Stevens et al. 2011). Anecdotal evidence
indicates that workers prefer forward rotation schedules over backwards rotation schedules,
likely because forward rotation schedules allow a worker to ‘sleep-in’ rather than wake
earlier (Stevens et al. 2011; Knauth 1996; Bambra et al. 2008). Yet, little is known about
the impact of forward versus backward rotations on health outcomes. The majority of quick
returns and very quick returns are due to long shifts and rotations. However, a small fraction
of quick returns is due to working double shifts. While working a double or long shift may
be due to an unanticipated workforce shortage, some quick returns may be built into the shift
system and represent a possible area of intervention.

An unexpected finding was that the percentage of shift type, quick returns, and rotations
varied minimally between weekday or weekend shifts in this population. This suggests that
assessing the impact of weekend shifts may not be influenced by shift type, quick returns,

or rotations in this population. As expected, working hour characteristics varied by annual
shift schedule as well. Most notably, day/night and day/evening/night schedules had more
rotations on average than the day/evening or evening/night schedules which might indicate a
slower pattern of rotation among the later.

We assessed the average yearly percentage of rotations rather than the speed of rotations
(i.e., number of shifts between rotations). We note that regular fast shift rotations which
occur every one to three days would correspond to an annual average of >33% rotations

in a year. Intermediate shift rotations which occur one a week would correspond to an
annual average of roughly 20%. Slow shift rotations occur every 15-30 days or longer
would correspond to an annual average between 5-10% (Stevens et al. 2011). Our results
show that, on average, workers rotate about every two weeks, and workers on the day/night
or day/evening/night schedules are rotating about every week. Slower patterns of rotations
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are hypothesized to have a smaller impact on the circadian system since slower speed
corresponds with fewer rotations, allowing a worker to acclimatize their circadian system to
the new schedule before the next rotation. However, there might be some benefit to a faster
rotating system in which the worker switches start times too frequently for the circadian
system to entrain itself to the new schedule (Bambra et al. 2008). Currently, it is still unclear
if a constant state of circadian misalignment associated with fast rotations is better than
disrupting it periodically with a slower rotation schedule (Moreno et al. 2019). Future work
should more directly examine the frequency of rotations (e.g., times of high frequency of
rotations followed by low frequency) and their co-occurrence with the characteristics of
working hours.

When assessing the differences in yearly shift schedules and working hour characteristics
by age, our results indicated a strong age trend. Older workers are more likely to work a
permanent day schedule than younger workers. Older workers also had lower proportions of
shifts with more than 12 hours, but higher proportions of shifts longer than 12 hours and
similar proportions of long work weeks compared to younger workers. This suggests that
older workers may be less likely to work the 12-hour shifts, but when they do, they are more
likely to work daily overtime (=13 hours). These patterns may be due to older workers with
seniority expressing shift schedule preferences. However, we have no information on the
proportion of preferred shifts granted in this population.

We also identified differences in the proportion of workers in permanent or rotational
schedules by race and gender. Black/African American workers were the most likely to
perform work with rotations, similar to the survey done by the Bureau of Labor Statistics
in 2004 (United States Bureau of Labor 2004). We also found that American Indian/Alaska
Native workers had higher proportions of shifts that were morning shifts, longer than 13
hours, and weeks that were longer than 40/48/60 hours. These difference by race and
ethnicity likely reflects differences in racial composition by job type, due to underlying
social factors such as institutionalized racism and higher rates of poverty among racial
minorities in America.

Similar to other studies, we found that more women worked permanent night, permanent
evening, and permanent day shifts compared to men; with over 37% of women working
the permanent day shift (Ghaziri et al. 2019; United States Bureau of Labor 2004; Straif

et al. 2007). This pattern might be because women tend to select the day shift more often
due to child rearing and meal preparation duties during the evening and night (Ghaziri et
al. 2019; Mustard et al. 2013). Alternatively, a permanent schedule, even permanent nights,
affords a predictability that makes arranging child-care easier (Ghaziri et al. 2019; Mustard
et al. 2013). While men worked higher proportions of day shifts than women, they may be
at an increased of circadian rhythm disruption due to the higher (nearly double) proportion
of their shifts that have a quick return, shifts longer than 13 hours, shifts with rotations, and
long work weeks.

Identifying differences in working hour exposures is the first step in addressing the causes
and consequences of circadian rhythm disruption in vulnerable populations such as young
or new workers, aging workers, female workers and minority workers (Cunningham et
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al. 2022). While the field is moving towards refining exposure assessment in studies of

shift work, large-scale quantitative studies and in-depth qualitative research are needed to
further contextualize and understand the complex and competing motivations for selecting
into shift work such as monetary compensation, work-life balance, or schedule autonomy.
Furthermore, we encourage researchers to consider the intersectionality of shift systems,
sociodemographic characteristics and organizational systems; and the impact they may

have on worker health. Future studies should also consider the multiple and overlapping
sociodemographic characteristics (e.g., being young and female, being old and identifying as
a racial minority) in tandem with shift work exposures; rather than independently evaluating
each as a single dimension.

Our study has a few limitations. First, while this study benefits from data captured in an
administrative time-registry used to document worker’s hours for payroll calculation, our
data is limited to that captured by human resources. We have no information regarding an
individual’s chronotype or preference for working days or nights. Individual chronotype is
just one of the many unmeasured confounders or effect measure modifiers that may affect
both working hours and worker health (Costa 2003; Straif et al. 2007). Second, the results
from this study may have limited generalizability as they describe employees at a single
American firm in a single industry (Elser et al. 2019). However, there remains considerable
diversity in this population. Of the 51 plants in this subset of the AMC only six were
unionized under the same union contract, 27 were unionized under local union contracts, and
18 were not unionized and were therefore governed under location-specific shift schedules.

This study employs a novel methodology of assessing the joint probabilities of working
hour characteristics. Furthermore, it is the only description of working hour characteristics
derived from objective time-registry data in the US and thus represents actual work time
in an American manufacturing cohort (Elser et al. 2019). This study also updates our
understanding of disparities in annual shift schedules by race, gender, and age among
American workers, in a rapidly changing workforce.

Conclusion

This research identified patterns in the joint distributions of working hour characteristics that
may impact circadian rhythms by shift schedules, race, gender, and age. Night and evening
shifts had more frequent shift rotations, quick returns, and longer work hours than day shifts
which may confer higher levels of circadian rhythm disruption. Yet, day shifts, traditionally
considered to have little negative circadian impact, may still be associated with circadian
rhythm disruption as long hours, quick returns and rotations also occurred within day

shifts. Younger, male, Hispanic or Black workers were disproportionately working rotational
schedules, suggesting potential health disparities may exist. These patterns highlight the
need to account for multiple working hour characteristics when assessing health outcomes in
relation to working hour exposures.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Proportion of Worker-hours by Hour in a 24-hour Clock: Stratified by Shift Type in the

American Manufacturing Cohort (AMC) 51 plant cohort 2003-2014, USA (N= 98,771
person-years)

Shading reflects proximity to solar noon (yellow/light grey in greyscale) and midnight
(black).

Length of each wedge represents the percentage of worker-hours within each hour relative
to the total number of worker-hours in the plot- stratified by shift type. External circle
(with 24 hour ticks) represents 10% of worker-hours in the plot. Inner circle represents 5%
of worker-hours in the plot. Example interpretation: Among evening shifts, roughly 5% of
worker-hours occur between 13:00 and 14:00 while 10% of worker-hours occur between
14:00 and 15:00.
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Descriptive Statistics of Yearly Counts of Working Hour Characteristics Across all Person-Years 2150 shifts/
year in the American Manufacturing Cohort (AMC) 51 Plant Shift Work Cohort 2003-2014, USA (N= 98,771

person-years)

Domain Working hour characteristics Counts per Person-Year
Mean P25 Median P75 P90 pax*
Working Time Work shift 227 192 230 256 280 455
Work week 51 51 52 52 53 53
Shift Type Morning 12 0 0 2 28 327
Day 114 24 97 195 235 442
Evening 37 0 3 36 156 345
Night 64 0 26 95 194 362
Non-day 113 21 97 191 243 393
Non-night 163 95 182 234 260 443
Shift Intensity Quick return 12 0 2 13 38 368
Very quick return 4 0 0 2 10 214
Maximum number of consecutive shiftsinarow 13 5 9 16 26 360
Shift Duration Long shift
212 hours 68 4 38 145 174 285
213 hours 13 0 1 14 43 239
Long work week
240 hour 31 24 32 40 44 52
248 hours 19 8 18 28 36 52
260 hours 6 0 2 9 18 51
Rotational Pattern ~ Any Rotation 19 0 6 39 53 201
Direction Forward 6 0 1 6 21 118
Backward 5 0 1 5 16 126
Flipped 8 0 0 2 43 82
Social Aspects Weekend shift 41 21 45 56 70 125

Abbreviations: P25 25th Percentile, P75 75th Percentile, P90 90th Percentile. Refer to Appendix Table 1 for specific definitions for each working

hour characteristic.

*
Max exceeds 365 or 366 days/year in a leap year and 105 weekends per year due to split shifts (multiple shifts a day).

Chronobiol Int. Author manuscript; available in PMC 2023 May 18.



Page 18

Ferguson et al.

LT 628 L2 (44 Le 9L s6  TZ ¢9 90T ves 65 6v¢ TS 6T 95  vve €2  6ST €SS SO oo ok
. . . . . . . . . . . . . . . . . . . . sleak
LT €8 q'e 9¢C 0 8'8 2’16 0¢ 29 €071 L'68 S99 0'TE 0'69 8T 'S 8'v6 G'6C 6'GT 6617 L'y 05>-0
. . . . . . . . . . . . : . . . . . . . . sieak
T6T 608 0'S €¢ T€ 70T 9'68 0¢ 7’9 90T 7’68 99 '8¢ 8'T9 L'T 67 0'S6 G'9¢ L'ST 6'€y (4 0b>-08
. . _ . . _ . ) . . . . _ . ) _ . s1eak
0°0¢ 008 29 8T L L°0T €68 6T 6'S 2ot 868 9Y €1y 189 TT (0074 096 7'ov 9'8T [AVA 8¢ 08>-81
aby
9T ¥'¢8 7'e €¢ 6¢C G'8 S'T6 ¥4 29 S0T 9’68 79 6'6¢ ToL 6T q'q S'v6 8'9¢ L'ST ¥'¢S 'S
26T 808 q€ €¢ €€ T6 0’16 7T 29 STT G'88 (474 9'TE 7’89 €T °34 G'G6 0'se 7'1¢ 6017 m L'C
©
. . _ . . . _ . . . . _ . . _ . _ . . = oune 1o
T8 618 6¢ a 61 eL 626 €z z. 8Tl 788 £¢ ¢ee 899 YT 8E 296 92 99T YT @ ¥6 s
N lueds|
N
6'8T 718 Sy € 6C L'6 €06 L'T 9'S L6 €06 (0874 8'8¢ 1L €T A4 8'G6 g'ee 8'LT 9ty W TS <\v_om_m_<
[a
=
LT €8 6T LT €¢ 6'G TVv6 0¢ 09 AN 8'68 8¢ 8'€¢ 9L €T 194 L'S6 L'0€ v've L'6€ M 'S Z\:_M__m/\\_._
= !
©
6'LT [Ar4:] 8'S €T ST G'8 S'T6 9¢ €L 0¢cT 088 8'S 9’01 7’69 8T €9 L'V6 9'8¢ V'ET 8817 .W €6 NV/IV
e soey
2
3
7'8T 918 (174 €¢ 0€ €6 106 (A4 g9 90T 7’68 €9 T€e 699 6T 8'S A% '8¢ 9'GT 018 279 3[eN
[+
TSt 678 7T LT 0¢ L'y €66 0T 9 86 €06 8T 8'ET €98 60 qC G'/6 8'L¢C 6'8T S99 m 8'9 dlews
o
m 19pus
<
E suosad
8T 2'z8 ¢ A4 8¢ 98 7’16 9¢C T8 7'ET 998 99'S 6'6C T0L 8T A 0'S6 178¢ 29T 2'0S W 9SS I
sInoy SINOY  SINOYy  SINOY  SInoy  Sanoy  sanoy m
uoneIoY  UONBIoY  UoNeloy uoneI0y 09< 8y or ov> €I [45S Zr> WL, Uimel =
pusxesp  Aepxesm poddiy  prewvpeg  premaoy  UOMeIod oN V_M% IO v_..m_hm WHIN  Bueng  Aeq  Buusow
NEETVY yiys
s)9adsy [e190S ulaned uoneioy uoneang Ajsuayu| adAL WIys

ansI48I9eIRYD INOH BUI IO

(e€S'erP'2Z=sUus N) ¥SN ‘#T02-£00Z M0Y02

jueld TG (QINW) MoyoD Burinaeinuepy uedLBWY a3yl Ul aby pue ‘aoey ‘1spuas) Aq paljilels onsiIs1oeIey) INoH BuIIopA Yoea yim syiys Jo abeluadlad

Author Manuscript

‘€ 9|qeL

Author Manuscript Author Manuscript

Author Manuscript




Page 19

Ferguson et al.

uthor manuscript; available in PMC 2023 May 18.

UBDLIBWY URdLYY VY ‘1apuels| d1419ed JayiQ Jo ueliemeH anlleN 1dO/dN ‘@AIleN BYse]y 10 uelpu] CS_BEM NV/IV :SuoneIAsIqay
S

~

"913SLI810RIRYD W) BuIsIoM YB3 10 SUOIHULAP J1j19ads

10} T 9|qeL X1puaddyy 03 Jajoy "SYIUS BuIuIOW 8. SIIYS |8 JO 94G°G S8IRIS UWN|0D 1SI1) PUB MOJ 1SI1J BU3 Ul JSqUINU 83U} ‘91043J3Y | OTRUILIOUSP 3U} 818 SMOJ ‘I0JRI3WNU ay} aJe SERUNJ0D ‘|13 Y2es UIYIAA
Ny

S}
"%00T 0} WNS 10U 1M SUIRWOP LIYS JO S[e10} [euiBrew pue sAIsnjoxa Ajjemnw jou ase 8_:%98 urewiop J1ys 1so

997 €8 0¢ 0¢ €¢ ¥'9 L'€6 €¢ €9 90T 7’68 'S §'0¢ S'6L x4 ¥'s L'v6 ¥'0¢ <L vvs 08 M_NM\A
sinoy sAnoy  s4noy  SINoy  sJnoy  sInoy - sanoy
pusdasp\  Aepxesn cmm_w%%_w uh_%%“wmm mmm%wwm uoneloy co_HSWM 09 g o< or> e ¢1s c> chmam\m F“_Loﬁw :W_M_mm wybiN  Bulusng  Aeg  Buluiony
NEETVY yiys
$109dsy [e190S ulaned uoneloy uoneang Alisuau| adAl uIys

ansI48I9eIRYD INOH BUI IO

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 20

Ferguson et al.

*013S1I910R.IRYD BWI) BUIIOM Yoea 10} Suol

149p 9141930 10} T 3]q

01 Jajay "syIys Buiuiow ase syIys s Jax4om Aep Jusuewad JO 04z TT SSIeIS UWN|0D 1SILY PUR MOJ 1SJ1 8U1 Ul JBQLUNU 3Y) ‘810J8J8U | “JOJRUILLIOUSP 8] 818 SMOJ “10JeJaLnu 8y} 848 SUWN|oo ‘[|89

[ee)
"9%600T O} LLINS J0U |1 SUIBUOP 11y JO S[elo} [eulBIewl pue aAIsn|axa AljerinuTiou aie saliofayes ureu
©

>
® WOIN
0'¢e 8L 9¢ 09 70T 0'6T 0’18 9¢ 99 90T 7’68 81T 9'G¢ Vvl 1574 L'TT €88 8'1¢€ L'0€ T9¢ S T /Buluang
O J\le]
=
< 6
981 v'18 £0 gc re 8L ze6 0z 09 vOT 968 69 Lz €4 vz 0L 086 8w 6% £z ST gl
2 !
9'¢¢ VLL 7'eT 8T 8T 69T Te8 L¢C 'L STT G988 7’9 ¥'09 9'6€ 7’1 9Y G'96 vy A S8y M 09 wbiN/Aeq
& Buiuan
6°€T 198 4] €€ e L9 £'€6 6T L'S 66 206 2’6 06T 0S8 L€ 70T 168 97 (087474 LS 81 \\.Amn_m
5
=}
. . _ . . . _ . . . . _ . . _ . . ) v 8 o WoIN
9'€C 7'9L A 6'T 8T (04 096 e TL TTT 0'68 1974 8'6¢ c0oL ST (0874 96 0'86 60 0T e ¢0 JUsuBWIad
. . . . . . . . . . . . . . . . . . . . m . Buusn3
(V) 098 200 LC L €q L'V6 60 6€ 26 8'06 €€ 79 6'€6 ST 7'e 9'96 ST L'G6 G'¢ Mvoo JusUBWIAg
. . _ . . . _ . . _ . _ . . _ . _ . . . g Aea
€21 18 TO0 ¥'0 ¥'0 80 766 T /v Te 606 ST 6T 808 vO YT 98 L0 L0 vi8 ST sueuieg
sInoy SINOY  SINOYy  SINOY  SInoy  Sanoy  sanoy m
uoneIoY  UONBIoY  UoNeloy uoneIy 09< 8y or ov> €1 [45S Zr> Bl e, Uimel =
pusxesp  Aepxesm poddiy  prewvpeg  premaoy  UOMeIod oN V_M% IO v_..m_hm WHIN  Bueng  Aeq  Busow
NEETVY yiys
s)9adsy [e190S ulsned uoneioy uoieang Ajsuayu| adAL WIys

ansi4819eIRYD INOH BUI IO

Author Manuscript

(sreak-uosiad T//'86 =N) ¥SN ‘vT02Z-£00¢ 10y02 jue|d T

1oyo) BurniornuelA UBdLISWY 3Yl Ul S8|NPaYdS YIYS Jeak-uosiad Aq paiynels onsiisioesey) JnoH BuiyIopn yoea Aq JeaA e ul syiys Jo ol

‘¥ al1qeL

Author Manuscript Author Manuscript

Author Manuscript



Page 21

uonelol
8'8¢ 1L - 00T - 00T - L0y 9Ly ¥'¢s TS¢ 129 6°.E gLy L'¢c 6'LC T¢ plemxoeg
uonelol
L'TC €8L - - 00T 00T - 6'8 9¢T S'/8 700 700 6'66 0oe cLe zTe LT plemioS
18T €18 a4 6°'GC L¢€ 00T - 79T 0€s 0Ly 99 €91 L'€8 6Ty 96T '9¢ T¢ uonejoy
: . R R R R . . . . . . . . . . uoneIol  ulaped
8.7 4} 00T A4 8/¢ ¢l €1 474 8'G6 8'9¢ 8'qT S'19 8'S ON  uonEIoY
. . . . . . . . . . . . ) . sinoy €T
98T 7’18 (4 €97 Sy 8've [Ac7A 00T 00T - [ ¥'6€ 9'09 98y 1L'6€ 9 €9 Z IUS i
: [ee]
-
92 6's. 50T gt 21 7St 6v8 98T 00T - 12 68  TT6 €% €6  TOr ¥ sinoy g
CT]UIYS =
™
) . . . ) . . ) ) . . . . . ) . sinoy S
zst 678 90 LT e 8'G £6 00T v 9t v96 802  T6T  9¥S  ZG Zi>uus  wonend
=
o
uinyal =
T0C 6'6L S0 S'1€ T0 Tce 089 €8¢ 74%14 9'€s 00T 00T - 9'6€ 6'TC L'G€ 8¢ >oinb k)
FSETN 2
. . ) . . . . . . . . . . . uinyal S
9'0¢ '6.L 0 €9¢ 200 8'9¢ €€L 6Ty 2’18 88y 00T - 68€ L'Te Sve (374 »Ind 8
’ a
uInas m
LT €78 L€ 60 0¢ 9L ¥'¢6 S 8'8¢ 1L - - 00T SlC 6°'ST 118 S'S Hoys 2
-UoN b_m:m:cm
o
Sve §'qL 79 L€ 0¢ 8¢l '8 96 a8y 819 S¢ 'L 8'¢6 00T - - - WeIN m
<
vt 6'G8 80 T¢E S99 70T 9'68 9€T LT 8¢8 e 0L 0'€6 - 00T - - Buiusnz g
~
09T 098 A5 T LT 29 8'€6 L0 6€C T9. €1 9¢ ¥'96 - - 00T - Ae@ odAL M
3
S'0¢ S'6L ST 80 60 e 8'96 'S ¥'6C 9'0L 60 9 ¥'S6 - - - 00T Buiuio Hiys m
~
8'LT 'e8 S€ a4 8¢ 98 7’16 99'9 6'6¢ T0L 81 'S 056 18¢ 29T 2’05 99 SYIys __?
SINOH  SINOH  SINOH  uamay uiney
puayasp  Aepxaan :o:%mom uoneloy - uonelod uoneloy uonel0Y €T < [ARS 21 > Nhllale) sy uoys WbIN  Buiueng  Aeq  Buluioin
paddil4 pJemyoeg pJemiod ON IS s WIS K17 Nhllile) “UoN onsHvloRIRYD
’ ’ ’ AnoH Bujaopn
s10adsy [e190S ulalred uoneloy uoneang Asuaqu| adAl uIys

Ferguson et al.

(ces'ery'zz=suIys
N) VSN ‘7T02-£00Z MOY0D XIOM BIYS 1ueld TG ‘(DINY) MoyoD Buninoeinueln ueouswy Ul sonsusioeteyd JnoH Buiyiop Jo (%) suonnguisiq ulor

‘G 9|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 22

Ferguson et al.

*0NSHI910RIRYD AW} BUIMIOM Uoea 104 suonuLap d1419ads 1oy T a|qel Xipuaddy 03 1ajay "049Z [ANION.IS B 108]491 0 ‘BAISN|OX3 A|[eninuu aJe SUOIIULSP UIBWIOP WIYS 8U} UBYM pasn aJe (-) says

"SIYs Bululow aie syIys (e J

hor manuscript; available in PMC 2023 May 18.

Bt Aut

iol

0 9G'G S3ILIS ULIN|OJ 1SJ1 PUB MOJ ISI1) BY) UI JaQINU 8} ‘2104843 | “JOJRUILIOUSP 3U} 818 SMOJ “J0JRISWNU B} J8 SULINJ0D ‘UIeWOp Yoes Ulyy

Ny
S
“0400T O} WNS JOU |]IM SUIBWIOP 141YS JO S[E10) [eulflew pue sAISn|oxa Aj[enmnuw jou aJe saliobaes urewop 1ys Hm@,_

00T - 0¢C 9¢ ¥'e 98 016 8'S g0y §'69 0¢ 09 0'v6 9'8¢ 8¢t ey €9 pusxss sadsy
- 00T 6'¢ 67T L¢ S8 S'T6 §'S L2 v'eL LT TS 0'S6 6'SC 69T 0¢s €S Aepxaspy  [e100S
0ot 006 00t - - 00T - €9 €88 LTI €0 90  ¥66 08 LT 6% 1T pckife
SINOH SINOH  S4NOH  uJnvy uiniay
puaasp\  Aepxeaapn :o:%mom uoneloy - uonelod uoneloy uonel0Y €T < [ARS 21 > 3aInd sy uoys WbIN  Buiueng  Aeq  Buluioin
paddil4 pJemyoeg  pJemioo ON IS s WIS K17 Phllile} “UoN onsHvloRIRYD
’ ’ ’ AnoH Bujaopn
s10adsy [e190S ulalred uoneloy uoneang Asuaqu| adAl uIys

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript



	Abstract
	Introduction
	Methods
	Study Population
	Sources of Working Time & Data Quality
	Definitions of Annual Shift Schedule
	Definitions of Working Time Characteristics
	Statistical Analysis

	Results
	Distribution of Demographics by Annual Shift Schedule
	Descriptive Statistics of Working Hour Characteristics in a Year
	Distribution of Working Hour Characteristics by Demographics
	Distribution of Working Hour Characteristics by Annual Shift Schedule
	Co-occurrence of Working Hour Characteristics

	Discussion
	Conclusion
	References
	Figure 1:
	Table 1:
	Table 2:
	Table 3:
	Table 4:
	Table 5:



