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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 and 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 h 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
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rhythm disruption as long hours, quick returns and rotations also occurred within day shifts.

Introduction

Shift work continues to be an important occupational
exposure with a prevalence of near 20% of the US work-
force (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 (Akerstedt et al. 1984; Hublin et al. 2010;
Lunde et al. 2020; Mosendane et al. 2008; Skogstad
et al. 2019), injury (Mustard et al. 2013; Nielsen et al.
2011), hypertension (Manohar et al. 2017; Ferguson
et al. 2019), breast cancer (Hansen 2017), psychological
and mental health disorders (Costa 2010; Lee et al.
2017), diabetes (Gan et al. 2015; Knutsson and Kempe
2014; Morikawa et al. 2005; Pan et al. 2011), metabolic
syndrome (Lin et al. 2009; Lu et al. 2017; Wang et al.
2014) and fatigue (Cunningham et al. 2022). However,
the term ‘shift work’ is often vaguely defined and gen-
erically used to describe any non-standard work sche-
dule 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 standar-
dized or well described across working populations.
Moreover, few studies have examined aspects of shift
work beyond night work and long hours, such as rota-
tional 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 classifica-
tion of “shift work that involves circadian rhythm dis-
ruption as a probable human carcinogen” (Stevens et al.
2011; Straif et al. 2007). While many domains were
identified in the IARC report, five key domains of
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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 char-
acteristics of morning, day, evening, and night shifts.
These working hour characteristics are defined by start-
ing 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 (Hansen 2017; Manohar et al. 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 (Harmi et al.
2015).

The duration domain characterizes the length of shift,
workday, or work weeks in order to capture the displa-
cement of normal sleeping times. Long working hours
are risk factors for diabetes and cardiovascular disease
(Hannerz et al. 2018a,b; Kivimaki et al. 2015a,b). Longer
shifts may indirectly cause circadian rhythm disruption
by reducing recovery time between working 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 charac-
teristics such as quick returns, which are designed to
capture reduced recovery time between working peri-
ods, 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 clock-
wise/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 charac-
teristics 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 (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 (Ferguson and
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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 (Hdarma 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, rota-
tional 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 character-
istics classified by domains of shift type, duration, inten-
sity, 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 character-
istics by demographics and annual shift schedules.

Methods
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). 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 h a day, 7 d a week. To evaluate
the distribution of work time patterns among full-time
employees, the study population was limited to employ-
ees 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
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(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 Ist,
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 con-
sidered one continuous shift as short gaps between bill-
able 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 h (<1%) were excluded as
they likely represented paid time during which employ-
ees were allowed to sleep (e.g., manager on-call hours).
Shifts less than 3 h were excluded (<1%) similar to prior
work as shifts smaller than 3 h cannot be defined as
a night or day shift (Hirmé 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, eve-
ning, and night. Shift schedules were defined using defi-
nitions developed by Garde et al. (2018), where
schedules are intended to capture the predominant pat-
tern of work. For example, a “permanent day schedule”
was a person-year with 26.7% 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 26.7% 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).

Definitions of working time characteristics

The definitions for each working hour characteristic are
presented in Appendix Table Al. Shifts were classified
using binary definitions for working time data devel-
oped by Harmi et al. (2015) and Garde et al. (2018) for
shift type, quick returns, and long shifts. These defini-
tions were first implemented in a Scandinavian health-
care 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 defi-
nitions were added by modifying binary variable cut-
points. Modifications included a secondary definition
for long shifts (from >12 h to 213 h) and two alternative
definitions for long work weeks (from =240 h to 248 and
260 h). 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 min 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 (Hiarma definition: 06:00). Day shifts were defined
as a shift that starts after 05:30 (Hirma 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 (Ferguson et al. 2019).

Statistical analysis

We calculated the frequency of working hour character-
istics of shift type, quick returns, long shifts, rotation
direction, and weekend work over 12 years of data. We
then examined four joint distributions. First, the distribu-
tion 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 preva-
lence of each working hour characteristic by person-year
and annual shift schedules was examined (i.e., what pro-
portion 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 propor-
tion 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 propor-
tion 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 iden-
tify 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 de-identified 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.

Results

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 y 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 4
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
and 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.
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All plants operated with either two 12-h shifts or three
8-h shifts. The majority of the plants operated 24 h, 7 d
a week; however, three plants had a day shift of either 8 or
12 h but no night shift. As seen in 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 sche-
dule 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-square p < .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 < .01) and less likely to
work day/evening/night schedules (p < .01) and day/
night schedules compared with younger workers
(Table 1 and Appendix Figure Al, Test for trend:
p <.01). The largest proportion of permanent night work-
ers were 60 years of age or older.

Table 1. Demographic characteristics by annual shift schedule in the American Manufacturing Cohort (AMC) 51 plant shift work cohort

2003-2014 (N = 98,771 person-years).

Annual Shift Schedule (% of person-years)

Number
of Number of Permanent  Permanent  Permanent Day/ Day/  Evening/ Day/Evening/
Persons Person-years Day Evening Night Evening  Night Night Night

All persons 23,044 98,771 32% 4% 1% 1% 25% 4% 13%
Gender

Male 18,800 82,830 31% 3.4% 1% 1% 27% 3.7% 14%

Female 4,244 15,941 37% 5.3% 15% 12% 17% 4.8% 8.6%
Race

American Indian or Alaska 162 625 30% 4% 1% 8.8% 36% 2.2% 8%

Native

Asian/Native Hawaiian/ Other 418 1,417 26% 4.2% 14% 16% 21% 6.1% 12%

Pacific Islander

Black or African American (Not 3,212 13,091 22% 3.5% 1% 8.5% 33% 6.1% 16%

Hispanic or Latino)
Hispanic or Latino 1,759 6,085 28% 3.3% 14% 11% 31% 4.3% 8.3%
Multi-racial (Not Hispanic or 110 350 22% 1.7% 17% 12% 25% 5.1% 18%
Latino)/ Unknown

White (Not Hispanic or Latino) 17,383 77,203 34% 3.8% 11% 11% 24% 3.4% 13%
Age

18-<30y 3,484 8,464 15% 2.8% 15% 8.8% 37% 5.5% 17%

30-<40y 4,887 18,001 22% 2.2% 14% 8.2% 32% 4.5% 17%

40-<50y 6,669 27,865 31% 3.3% 12% 10% 26% 4.2% 13%

50-<60 y 6,831 36,549 39% 4.4% 9% 13% 20% 3.1% 11%

60+ y 1,173 7,892 43% 6.3% 9.9% 13% 16% 2.9% 8.8%




314 J. M. FERGUSON ET AL.
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Evening Shifts
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Figure 1. Proportion of worker-hours by hour in a 24-h 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-h 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.

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 h 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 h 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.

Distribution of working hour characteristics by
demographics

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 h (1.8
vs. 6.3%), work weeks longer than 60 h (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 propor-
tions of shifts that were evening shifts or morning
shifts, lower proportions of shifts that occurred on the
weekend, and similar proportions of night work com-
pared to men.

Over 50% of the shifts worked by White workers
were day shifts compared to 39.7% to 48% among per-
sons of color (Table 3). American Indian/Alaska Native
persons and Hispanic/Latino persons had twice the pro-
portion of morning shifts than all other race and ethni-
city groups. American Indian/Alaska Native workers
also had the highest proportion of shifts with extended
hours (40.6% of shifts >12 h, 7.3% of weeks >48 h and
2.6% of weeks over 60 h). Black/African American work-
ers and Multi-racial workers had the highest proportion
of shifts 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 propor-
tions of morning shifts, day shifts and shifts with
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Table 2. Descriptive statistics of yearly counts of working hour characteristics across all person-years =150 shifts/year in the American
Manufacturing Cohort (AMC) 51 plant shift work cohort 2003-2014, USA (N = 98,771 person-years).

Counts per Person-Year

Domain Working hour characteristics Mean P25 Median P75 P90 Max*
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 Quick return 12 0 2 13 38 368
Intensity Very quick return 4 0 0 2 10 214
Maximum number of consecutive shifts in a row 13 5 9 16 26 360
Shift Duration Long shift
>12 h 68 4 38 145 174 285
>13 h 13 0 1 14 43 239
Long work week
>40 h 31 24 32 40 44 52
>48 h 19 8 18 28 36 52
>60 h 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 A1 for specific definitions for each working hour
characteristic. *Max exceeds 365 or 366 d/y in a leap year and 105 weekends per year due to split shifts (multiple shifts a day).

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 pro-
portions of shifts that were longer than 12 h, older
workers had higher proportions of shifts that were
longer than 13 h. There were only marginal differences
between the proportion of work weeks with extended
hours by age.

Distribution 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(Table 4). Permanent day workers had the low-
est percentage of quick returns, rotations and weekend
work, as well as long shifts (=13 h) and long work
(240 h/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 h 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-h 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 h), or
included a rotation, thus fall into categories that are
hypothesized to cause circadian rhythm disruption.

Overall, the probability of co-occurrence between
pairs of working hour characteristics varied substan-
tially. Among day shifts, 23.9% of shifts were 12 h 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 h or longer (48.2%), however,
evening shifts were most often 13 h or longer (13.6%).
Night and evening shifts had the highest joint probabil-
ity 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 h between shifts), and 25.1% with a very quick
return (<8 h between shifts).

Nearly all instances of quick returns co-occurred with
the following conditions: a backwards rotation (11.6%),
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a shift longer than 12 h (0.76%), the previous shift was
longer than 12 h (31.8%), or a combination of all three
(50.2%). The remaining 6% of quick returns were attri-
butable 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 h long and starting <6 h earlier).

Working shifts longer than 12 h was fairly common
in this cohort (30%) and working shifts longer than 13 h
was relatively rare (5.6%). Compared with shifts shorter
than 12 h, shifts longer than 13 h 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 h or longer
(40.5% vs. 27.7%). However, there was a negligible dif-
ference in the frequency of shifts 13 h or longer (5.8% vs.
5.5%) among weekend and weekday shifts.

Discussion

Our results provide evidence that working hour charac-
teristics hypothesized to cause circadian rhythm disrup-
tion 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 characteris-
tics. 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’ circa-
dian 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 exclu-
sively 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 into
question to de-facto assumption that day workers are
an appropriate ‘unexposed’ group for shift work as
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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 work-
ing 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, back-
ward, or flipped) and shift type. Flipped rotations more
often co-occurred with the 12-h schedule of night/days
whereas backward rotations were seen primarily with
night shifts on an 8-h 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
(Bambra et al. 2008; Knauth 1996; Stevens et al. 2011).
Anecdotal evidence indicates that workers prefer for-
ward rotation schedules over backwards rotation sche-
dules, likely because forward rotation schedules allow
a worker to ‘sleep-in’ rather than wake earlier (Bambra
et al. 2008; Knauth 1996; Stevens et al. 2011). 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 sche-
dules had more rotations on average than the day/eve-
ning or evening/night schedules which might indicate
a slower pattern of rotation among the later.

We assessed the average yearly percentage of rota-
tions rather than the speed of rotations (i.e., number of
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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 aver-
age between 5% and 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 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 sche-
dules 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 propor-
tions of shifts with more than 12 h, but higher propor-
tions of shifts longer than 12 h and similar proportions
of long work weeks compared to younger workers. This
suggests that older workers may be less likely to work the
12-hr shifts, but when they do, they are more likely to
work daily overtime (=13 h). 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 h, and weeks that were longer than 40/48/60 h.
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; Straif et al. 2007; United States Bureau of
Labor 2004). 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 h, shifts with rotations,
and long work weeks.

Identifying differences in working hour exposures
is the first step in addressing the causes and conse-
quences of circadian rhythm disruption in vulnerable
populations such as young or new workers, aging
workers, female workers and minority workers
(Cunningham et 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 con-
textualize and understand the complex and compet-
ing motivations for selecting into shift work such as
monetary compensation, work-life balance, or sche-
dule autonomy. Furthermore, we encourage research-
ers 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 multi-
ple and overlapping sociodemographic characteristics
(e.g., being young and female, being old and identi-
fying 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 modi-
fiers 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 distribu-
tions 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, tradition-
ally considered to have little negative circadian impact,
may still be associated with circadian rhythm disrup-
tion as long hours, quick returns and rotations also
occurred within day shifts. Younger, male, Hispanic or
Black workers were disproportionately working rota-
tional schedules, suggesting potential health disparities
may exist. These patterns highlight the need to account
for multiple working hour characteristics when asses-
sing health outcomes in relation to working hour
exposures.
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