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a b s t r a c t


Characteristics of shiftwork schedules have implications for off-shift well-being. We examined the


extent to which several shift characteristics (e.g., shift length, working sundays) are associated with


three aspects of off-shift well-being: work-to-family conflict, physical well-being, and mental well-


being. We also investigated whether these relationships differed in four nations. The Survey of Work


and Time was completed by 906 healthcare professionals located in Australia, Brazil, Croatia, and the


USA. Hierarchical multiple regression analyses supported the hypothesis that shiftwork characteristics


account for significant unique variance in all three measures of well-being beyond that accounted for by


work and family demands and personal characteristics. The patterns of regression weights indicated


that particular shiftwork characteristics have differential relevance to indices of work-to-family conflict,


physical well-being, and mental well-being. Our findings suggest that healthcare organizations should


carefully consider the implications of shiftwork characteristics for off-shift well-being. Furthermore,


although our findings did not indicate national differences in the nature of relationships between shift


characteristics and well-being, shiftwork characteristics and demographics for healthcare professionals


differ in systematic ways among nations; as such, effective solutions may be context-specific.


& 2008 Elsevier Ltd. All rights reserved.

1. Introduction


Frequently, service industry workers, such as healthcare
workers, must work nontraditional shifts. The negative impacts
of continued work in these nontraditional shifts on work
outcomes have been well–documented and include higher
frequency of accidents and absenteeism, among others (cf. Costa,
1996). Relative to on-shift outcomes such as those mentioned,
however, relatively less attention has been paid to the study of off-
shift consequences of shiftwork such as work–family conflict
(WFC), physical well-being and psychological distress. In addition,
studies that have examined off-work (as well as traditional
on-work) outcomes have typically conceptualized shiftwork in a
way that lacks consideration for its multi-faceted nature. Finally,
the few studies that have considered multiple shiftwork characte-
ristics and their relationship with on- and off-shift outcomes
have done so without consideration for potential cross-national
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differences for such relationships. The general purpose of this
study was to begin to address these apparent gaps in the
literature.


Shiftwork is broadly defined as scheduled work that is
completed outside the parameters of the traditional day shift;
i.e from 9 a.m. to 5 p.m (Costa, 2003). Roughly 17% of all
employees working full-time for wages are engaged in shiftwork,
with employees in the service industry (e.g., restaurants, health-
care) working nontraditional shifts more frequently (Beers, 2000).
Approximately one-fourth of all those employed in hospitals work
nontraditional hours (Beers, 2000), making this an important
concern for those employed in healthcare (Wilson, 2002). Due to
the high frequency with which shiftwork is utilized in hospital
settings, studying the potential impact of shiftwork on employees
within the healthcare industry continues to be of utmost
importance.


Costa (1996) conducted a review of the shiftwork literature in
an attempt to summarize the potentially dire consequences of
nontraditional scheduling. Consequences of direct interest to
employers include a higher frequency of work-related accidents as
well as higher rates of absenteeism among workers. Employees
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engaging in shiftwork are also prone to experience myriad
physical disturbances such as sleep deprivation, chronic fatigue
and gastrointestinal disorders (e.g., ulcers). Although it is clear
that shiftwork can lead to harmful personal consequences,
researchers have traditionally focused most of their attention
toward the study of on-shift outcomes. On-shift outcomes of
shiftwork are operationalized as those that pertain specifically to
the work context and include work-related attitudes and beha-
viors (e.g., work accidents, absenteeism). On the other hand,
off-shift outcomes are conceptualized as more general in nature
(i.e., less context-specific) including psychological and psychoso-
cial well-being. Empirical work also supports the link between
nontraditional work scheduling and off-shift outcomes. For
instance, Demerouti et al. (2004) investigated the impact of
shiftwork characteristics on WFC, job attitudes, and health
perceptions in a sample of military police. Not surprisingly,
respondents working non-day or weekend shifts reported sig-
nificantly greater WFC compared to respondents working day
shifts. Likewise, Grosswald (2003) examined the relationship
between shiftwork and WFC found and a detrimental effect of
shiftwork characteristics pertaining to time at work (e.g., work
hours) on WFC. Takahashi et al. (2005) assessed differences in
outcomes based on respondents’ self-reported adaptation to
shiftwork, with the poorly adapted group reporting significantly
greater social and family disruption and worse psychological well-
being than the well-adapted group. All told, the empirical
evidence to date suggests that shiftwork is consistently related
to a variety of negative on- and off-shift outcomes.


As noted earlier, shiftwork is a loosely defined term, and this
has led to the use of a variety of operationalizations of the
construct. Researchers commonly utilize one or two shiftwork
characteristics in their research, but rarely more than two. For
instance, in a study examining the relationship between shiftwork
features and employee burnout, stress and health, Jamal (2004)
utilized two aspects of shiftwork: working nontraditional days
(i.e. weekend work) and working nontraditional hours (i.e.,
afternoon shift, night shift, rotating shift, split shift, or variable
hours). Likewise, Costa et al (2006) examined the impact of
shiftwork features on employee health and well-being, again
utilizing two shiftwork characteristics: flexibility in working
hours (i.e., scheduling at the discretion of the employee) and
variability in working hours (i.e., scheduling at the discretion of
the company). Although these recent works make significant
contributions to the shiftwork literature, in each study the
operationalization of shiftwork is limited, providing for an
inability to investigate how multiple shiftwork features relate to
outcomes uniquely and collectively.


As indicated, extensive research has demonstrated the harmful
link between shiftwork and on- and off-shift consequences.
However, the potential differential impact of shiftwork features
on outcomes has been difficult to assess due to the lack of a multi-
faceted conceptualization of shiftwork. In the current study, our
focus was an assessment of the overall and differential impact of
multiple shiftwork features (i.e., hours worked weekly, days
worked weekly, shift length, sunday work, and shift schedule)
on multiple off-shift outcomes (work-to-family conflict, physical
well-being, and mental well-being). Previous research suggests
that off-shift outcomes may be impacted differentially by various
shiftwork features. For example, one source of WFC is time-based
conflict; time in the work role logically reduces available time in
the family role (Greenhaus and Beutell, 1985; Zedeck and Mosier,
1990). Consequently, shiftwork features relating to time spent at
work (e.g., total weekly work hours) should relate most strongly
with WFC. Grosswald (2003) provided some support for this
assertion: Number of hours worked weekly and working the night
shift each provided significant, unique variance in the explanation

of negative work-to-family spillover with number of hours
worked weekly accounting for the largest unique contribution.
A recent study by Portela et al. (2005) similarly offers evidence
that long working hours (over 44 h per week) are associated with
increased complaints about insufficient time for rest, leisure, and
housework. Second, pertaining to perceptions of physical well-
being, evidence suggests that characteristics of the shift schedule
(e.g., working a rotating or night shift) are associated with a
higher likelihood of health problems including trouble getting to
sleep and headaches (Jamal, 2004) as well as physical exhaustion
(Tepas et al., 2004). Accordingly, we expect that shift schedule
should emerge as a salient predictor of physical well-being.
Finally, it appears that both the time spent at work and
characteristics of the shift schedule may potentially impact one’s
psychological well-being. This hypothesis is consistent with
findings from work by Geiger-Brown et al. (2004), who studied
the impact of shiftwork features on psychological well-being and
reported that working more than 5 days each week, 50 or more
hours each week, working two or more double shifts each month
and rotating shifts significantly increased the odds of reporting
psychological distress including depression and anxiety.


Based on the empirical evidence, the following predictions
about the relationship between shiftwork features and off-shift
outcomes were made: (H1) shift characteristics will account for
unique variance in measures of off-shift well-being beyond that
accounted for by other features of work demands and family
demands; (H2) shiftwork features will differentially relate to WFC,
physical well-being, and mental well-being.


Furthermore, shiftwork is prevalent throughout the industria-
lized world; however, limited research has examined the relative
impact of multiple shiftwork features on outcomes in different
national settings. Recent evidence suggests that one aspect of
shiftwork (i.e., night work) may have a differential impact on well-
being for employees working in different nations (Tepas et al.,
2004). However, Tepas et al. (2004) limited their consideration to
one feature of shiftwork and its relationship to end-of-day
physical and mental well-being. It remains to be seen whether
cross-national differences are evident in the relationship between
other features of shiftwork and other outcomes, particularly
off-shift outcomes. Consequently, this study proposes to examine
whether the relationships of multiple shiftwork features with
off-shift outcomes differ cross-nationally. With this in mind,
we propose the following research question: (R1). Does national
setting moderate the relationship between shiftwork character-
istics and off-shift well-being?

2. Method


2.1. Participants and procedure


Researchers from Australia, Brazil, Croatia and the United
States collaborated to develop and administer the Survey of Work
and Time for Healthcare Workers (SWAT-Healthcare). SWAT-
Healthcare is a modification and extension of a previous
international collaborative survey, the Survey of Healthcare
Professionals (Barnes-Farrell et al., 2002, 2004; Tepas et al.,
2004). The survey was designed to measure healthcare worker
reactions to a variety of issues on and off the job, including aspects
of shift work, work–family relationships, and physical and
psychological health. It also included items that assessed an
assortment of demographic characteristics of survey participants.


Healthcare worker volunteers from the four participating
countries completed the SWAT-Healthcare. Researchers from each
of the four participating nations were responsible for recruiting
convenience samples of volunteers from their respective countries
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Table 1
Demographic variable descriptive statistics overall and by nation


Variable Overall (N ¼ 906) Australia (N ¼ 196) Brazil (N ¼ 133) Croatia (N ¼ 167) United States (N ¼ 410)


M SD M SD M SD M SD M SD


Hours per week 39.5 8.9 36.1 6.7 38.0 6.2 42.8 6.7 40.4 10.5


Organizational tenure 8.9 8.3 8.5 7.6 4.5 3.9 16.0 10.6 7.7 7.0


Occupational tenure 15.6 11.0 17.8 11.3 6.1 5.2 19.8 10.6 16.0 10.6


Age 40.0 11.2 42.4 11.2 30.5 7.8 40.2 10.5 41.8 10.9


% Working second job 20.0 12.8 32.3 7.8 26.5


Gender (% female) 87.6 81.1 86.5 84.2 92.4


% Married/partnered 57.7 68.9 39.1 77.8 50.2


% w/Children age 0–5 19.2 14.4 14.7 31.1 20.5


% w/Children age 6–17 32.9 33.7 24.1 36.5 33.9


% w/Adult dependents 26.9 18.4 27.9 44.4 24.6
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to complete an anonymous survey. A total of 1014 healthcare
workers from the four countries completed the survey. Of these,
438 were from the USA, 217 from Australia, 189 from Croatia and
170 from Brazil. To ensure that responses reflected the reactions of
individuals who devote a significant portion of their time to paid
work, participants who reported working less than 20 h per week
at their primary job were excluded from our analyses. A total of
906 healthcare workers from the four nations were included in
the final sample for analysis: 410 from the USA, 196 from
Australia, 167 from Croatia and 133 from Brazil.


Respondent demographics for the final analysis sample and for
each nation are summarized in Table 1. Most respondents (83.1%)
reported working in a hospital or acute care setting, 9.9% reported
working in long-term care or a nursing home and 3.9% reported
working in a physician’s office. Typical of healthcare occupations,
respondents were predominantly female. The majority were
married or partnered and the majority had children or adult
dependents inside or outside the home. Respondents reported
that the average number of hours they work per week is 39.5, and
one in five reported working another job for additional income.

2.2. Measures


2.2.1. Dependent variables


Work– family conflict was measured using the work-to-family
conflict subscale from Frone et al. (1992a, b, 1994, 1996), which
indicates the frequency with which one’s work is seen as
interfering with his/her family life. A six-point Likert-type
response scale was used, ranging from (1) never to (6) 5+days


per week. Composite scores used for analysis were created using
the mean of the two items that comprise the scale. Higher scores
on this subscale indicated greater amounts of WFC, thus
indicating lower well-being with respect to work–family func-
tioning. Coefficient alpha reported for this scale in an independent
sample indicated high internal consistency reliability (.90). A
sample item is: ‘‘How often does your job or career keep you
from spending the amount of time you would like to spend with
your family?’’


Physical well-being was measured using the Healthy Day-
s—Physical scale from the quality of life measures developed by
the US Centers for Disease Control (Centers for Disease Control,
2000). This index assessed how many days out of the past 30 days
the respondent felt that he or she experienced poor physical
health. (‘‘Thinking about your physical health, which includes
physical illness and injury, for how many days during the past 30
days was your physical health not good?’’) Responses could range

from 0 to 30 days; higher scores indicated poorer health. The item
was then reversed so that higher scores indicate a greater number
of physically healthy days.


Mental well-being was measured using the US Centers for
Disease Control Healthy Days—Mental scale (Centers for Disease
Control, 2000). This index assessed how many days out of the past
30 days the respondent felt that he or she experienced poor
mental health. (‘‘Thinking about your mental health, which
includes stress, depression, and problems with emotions, for
how many days during the past 30 days was your mental health
not good?’’) Responses could range from 0 to 30 days; higher
scores indicated poorer health. The item was then reversed so that
higher scores indicate a greater number of mentally healthy days.


2.2.2. Predictors


Aspects of shiftwork were assessed in several ways. Weekly work


hours was the average reported hours worked per week, shift


length (in hours) was derived from reported shift start and end
times, days per week was the reported typical number of days
worked per week, and Sunday work was a self-report of whether
the individual typically works on sundays (yes/no). Shift schedule


was a categorical measure based on reported start and end times
of current shift and responses to an item asking respondents how
often the time of day of their shift changes, using an eight-point
scale ranging from (1) The time of day I am scheduled to work is


unpredictable to (8) In general, I work the same time every day. This
information was used to categorize respondents as falling into one
of the following schedules: (a) fixed (non-rotating) day shift;
(b) fixed (non-rotating) afternoon/evening shift; (c) fixed (non-
rotating) night shift; (d) slow rotation (one week or longer
between schedule changes); (e) fast rotation (less than one week
between schedule changes); (f) unpredictable work schedule.
These six categories were then dummy coded for use in analyses.


2.2.3. Statistical controls


Additionally, characteristics of work demands, family demands


and personal characteristics were included as controls in the
analyses. Work demands were measured using the physical and
psychological demands subscales of the Job Content Question-
naire (Karasek, et al., 1998, as cited in Quinn et al., 1973). In
addition, alternate work demands were measured as hours per
week worked at a second job for pay. Family demands were
assessed as the total number of dependents (children and adults)
the respondent reported, both inside and outside the home.
Personal characteristics included age (in years) and marital status
(married/partnered vs. not).
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3. Results


The distributions of shift characteristics for the overall sample
and for each nation are summarized in Table 2. In the total
analysis sample, there is considerable variation in each of the shift
characteristics that were included in the study. However, it can
also be seen in Table 2 that the patterns of shift features that
characterize samples from different nations are somewhat
distinctive.


Descriptive statistics for all study variables and bivariate
correlations for the total sample are summarized in Table 3. The
mean overall score for work–family conflict was 3.51 (SD ¼ 1.35,
coefficient alpha ¼ .84). Mean overall scores for physical well-
being and mental well-being were 26.60 (SD ¼ 5.66) physically
healthy days and 24.47 (SD ¼ 7.51) mentally healthy days,
respectively. No evidence of multicollinearity among the study
variables can be seen from the correlation matrix.


The general strategy for identifying the unique association
between shiftwork characteristics and off-shift well-being was
as follows. Setwise hierarchical multiple regression analyses
(Cohen and Cohen, 1983) were conducted for each index of off-
shift well-being. The first step in each regression analysis was a
model that regressed well-being on the set of statistical controls
(work demands, family demands, and personal characteristics).
On the second step, the set of all shift characteristics (weekly work
hours, days per week, shift hours, Sunday work, and a set of five

Table 2
Shift variables descriptive statistics overall and by nation


Variable Overall (N ¼ 906) Australia (N ¼ 196)


M SD M SD


Days per week 4.4 1.1 4.6 .9


Hours per week 39.5 8.9 36.1 6.7


Shift length (hours) 9.9 3.0 8.7 1.3


% Work Sundays 55.6 58.0


% Fixed day 23.9 30.8


% Fixed afternoon/evening 4.8 1.0


% Fixed night 9.8 2.1


% Slow rotation 12.8 4.6


% Fast rotation 24.5 42.1


% Irregular 24.2 19.5


Table 3
Study variable descriptive statistics and correlations


Mean SD 1 2 3


Control variables


1. Psychological and physical job demands 2.81 .53 a ¼ .67


2. Alternate work hours .94 3.30 �.02 —


3. Dependents (inside/outside home) .99 1.25 .01 .00 —


4. Age 39.98 11.22 �.09�� .13�� .02


5. Marital status n/a n/a .01 .02 .11��


Predictor variables


6. Shift length (hours) 9.91 3 .06 .04 .04


7. Days per week 4.39 1.12 �.04 .01 �.13��


8. Hours per week 39.54 8.88 .09�� .02 �.08�


9. Working Sundays n/a n/a .19�� .00 �.02


Outcome variables


10. Work–family conflict 3.51 1.35 .35�� .05 .12��


11. Mental well-being 24.47 7.51 �.18�� .00 .06


12. Physical well-being 26.60 5.66 �.10�� �.03 .03


N ¼ 906.
� Significant at the .05 level (two-tailed).
�� Significant at the .01 level (two-tailed).

dummy variables representing the six shift schedules) was added
to the model. The DR2 at step two provides an omnibus
assessment of the contribution of the set of shift characteristics
to explaining well-being, after controlling for individual differ-
ences in work demands, family demands, and personal character-
istics. t-tests for the regression weights of individual shift
characteristics in the final model were used to identify salient
shift characteristics relevant to each dependent variable. To assess
the impact of shift schedule, the significance of DR2 was examined
for the set of shift schedule dummy variables when they were
added to the model as a block. When shift schedule accounted for
significant unique variance in well-being, an analysis of cova-
riance (ANCOVA) was used to probe differences among specific
shift schedules. Off-shift well-being served as the dependent
variable; the set of all statistical controls and other shift
characteristics were included as covariates; shift schedule served
as the categorical predictor variable. Pairwise comparison of
means (using a Bonferroni adjustment) was used to assess
differences in well-being among the six shift schedules.

3.1. Work– family conflict


Table 4 summarizes the results of the regression analyses
for all three indices of off-shift well-being. As seen in Table 4,
Work demands, Family demands, and personal characteristics

Brazil (N ¼ 133) Croatia (N ¼ 167) United States (N ¼ 410)


M SD M SD M SD


4.4 1.0 4.8 1.0 4.2 1.2


38.0 6.2 42.8 6.7 40.4 10.5


9.8 3.5 9.0 2.1 10.9 3.4


91.7 57.8 44.0


25.4 2.5 28.8


23.8 0.0 2.5


46.9 0.0 5.5


2.3 20.9 16.9


0.0 41.1 17.1


1.5 35.6 29.3


4 5 6 7 8 9 10 11 12


—


.19�� —


�.03 �.06 —


.07� �.07� �.26�� —


.07� .02 .16�� .38�� —


�.17** �.01 .16�� �.02 .06 —


�.08� .14�� .03 .05 .16�� .24�� a ¼ .84


.16�� .07* .09�� �.09�� �.04 �.12�� �.28�� —


.02 .00 .06 �.10�� �.04 �.13�� �.21�� .43�� —
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Table 4
Regression of off-shift well-being outcomes on statistical controls and shift


characteristics


Variable Standardized regression weights (b)


Work–family


conflicta


Physical well-


beingb


Mental well-


beingc


Step 1: Control variables


Psychological and physical job


demands


.31��� �.10�� �.18���


Alternate work hours .05 -.03 �.02


Dependents (inside/outside


home)


.12��� .01 .05


Age �.06� �.03 .11��


Marital status .14��� -.03 .02


Fa,b,c 33.99��� 1.99 9.71���


Overall R2 .173 .012 .057


Adjusted R2 .168 .006 .051


DR2 .173��� .012 .057���


Step 2: Predictor variables


Shift length (hours) �.02 .07 .13���


Days per week .03 �.13�� �.08


Hours per week .13��� .03 �.02


Working Sundays .14��� �.04 �.03


Shift schedule dummy 1 .08� .09� .07


Shift schedule dummy 2 .04 �.08� �.01


Shift schedule dummy 3 .06 �.15��� �.12��


Shift schedule dummy 4 �.04 .05 .03


Shift schedule dummy 5 �.01 .01 �.02


Fa,b,c 17.62��� 4.53��� 6.17���


Overall R2 .235 .073 .098


Adjusted R2 .221 .057 .082


DR2 .062��� .061��� .041���


a Step 1 df ¼ 5,814; Step 2 df ¼ 14,805.
b Step 1 df ¼ 5,815; Step 2 df ¼ 14,806.
c Step 1 df ¼ 5,807; Step 2 df ¼ 14,798.
� po.05.
�� po.01.
��� p o.001.
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accounted for 17.3% of the variance in WFC. After statistically
controlling for work demands, family demands, and personal
characteristics, the set of all shift characteristics accounted for an
additional 6.2% of the variance in WFC (po.001), providing
support for Hypothesis 1.


Examination of standardized regression coefficients for in-
dividual shift characteristics in the final regression model
indicates that three characteristics—weekly work hours (ß ¼ .13,
po.001), working on Sundays (ß ¼ .14, po.001), and shift
schedule (DR2


¼ .01, po.05) were each uniquely associated with
WFC. In particular, higher weekly work hours and shift arrange-
ments that include frequent sunday work were each associated
with increased levels of work-to-family conflict. An ANCOVA with
WFC as the dependent variable, shift schedule as the between
subjects variable, and all other predictors (statistical controls and
other shift characteristics) as covariates was used to probe WFC
for different shift schedules. Although the collection of shift
schedules accounted for significant variance in WFC (F ¼ 2.44,
df ¼ 5,805, po.05, partial eta2


¼ .02), none of the differences
between the various individual shift schedules were statistically
significant.


3.2. Physical well-being


Work demands, family demands, and personal characteristics
accounted for 1.2% of the variance in physical well-being.
Consistent with hypothesis 1, the set of all shift characteristics

accounted for an additional 6.1% of the variance in physical well-
being (po.001). Among the shift characteristics, the number of
days typically worked per week had a statistically significant
regression weight in the final model (b ¼ �.13, po.01), and shift
schedule accounted for 3.7% of the variance in well-being
(po.001). After accounting for contextual demands that may
differ among workers and other shift characteristics, working
more days per week was associated with reports of fewer
physically healthy days during the previous month. When
ANCOVA was used to examine the nature of the shift schedule
effect, statistically significant differences in physical well-being
were observed among several of the shift schedules. As illustrated
in Fig. 1, those who were on fixed day shifts reported significantly
better physical well-being than those on fixed afternoon shifts
(po.05) or those on fixed night shifts (po.001). In addition,
workers on fast rotating shifts (po.01), slowly rotating shifts
(po.001), and unpredictable shifts (po.01) all reported signifi-
cantly better physical well-being than those who worked fixed
night shifts.


3.3. Mental well-being


Work demands, family demands, and personal characte-
ristics accounted for 5.7% of the variance in mental well-being,
and the set of all shift characteristics accounted for an addi-
tional 4.1% of the variance in this measure of well-being
(po.01).


Of the set of shift characteristics, shift length (b ¼ .13, po.001)
and shift schedule (DR2


¼ .02, po.01) were the two characte-
ristics that were uniquely associated with mental well-being.
In the context of other shift characteristics, longer shift length
was associated with better mental well-being. When ANCOVA
was used to probe mental well-being for different shift
schedules, those who were on fixed night shifts reported
significantly lower mental well-being than workers on
slowly rotating shifts and fixed day shifts, with those on
other shift schedules generally reporting levels of mental well-
being similar to day shift and slowly rotating shift workers
(see Fig. 2).
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3.4. Interaction with nation


An examination of simple cross-national differences on our
measures of off-shift well-being revealed national differences on
all three measures of well-being. The variance accounted for by
nation ranged from 3% for WFC (F ¼ 25.26, df ¼ 2,743) to 8% for
mental well-being (F ¼ 23.48, df ¼ 3,743) and 9% for physical
well-being (F ¼ 25.26, df ¼ 3,743).


To address R1, which asks whether national setting moderates
relationships between shiftwork characteristics and off-shift
well-being, we used the following analytic strategy. For shift
characteristics that had statistically significant regression weights
in the final step of each regression model, ANCOVAs of residual
scores were used to examine evidence for shift characteristic X


nation interactions on off-shift well-being. Each measure of
off-shift well-being, in turn, was used as the dependent variable,
and residualized scores (adjusted for all statistical controls and
all non-focal shift characteristics) for the shift characteristic of
interest and nation served as independent variables in the
analysis. None of the shift characteristic X nation interactions
were significant for any of the three measures of off-shift well-
being (p4.05, ns for all analyses).

4. Discussion


Personal assessments of physical and mental well-being, as
well as assessments of interference of work with family and
personal life are relevant aspects of well-being for healthcare
workers in their lives ‘‘off the job.’’ Physical and psychological
aspects of task demands, as well as demands that emanate from
family responsibilities and second jobs that are a part of many
workers’ lives, undoubtedly contribute to these aspects of worker
well-being. Furthermore, personal characteristics such as age and
marital status are often associated with assessments of well-
being. In our data, the joint contributions of these variables to
explaining variance in well-being ranged from 1.2% (physical
well-being) to 17.3% (WFC). Nonetheless, in support of Hypothesis
1, our data demonstrated that multiple characteristics of shift
arrangements are uniquely associated with all three aspects of

off-shift well-being, beyond what can be accounted for by work
task demands, family demands, and personal characteristics. Shift
characteristics accounted for anywhere from 4.1% (mental well-
being) to 6.2% (WFC) of the variance in well-being, beyond that
accounted for by other aspects of the work and non-work
demands that healthcare workers face in their daily lives.
Inferences about these relationships must be tempered by
recognition that they are based on cross-sectional survey data
provided by convenience samples of healthcare workers drawn
from diverse organizational and national settings. Nonetheless,
support for Hypothesis 1 was consistent across three distinct
indices of well-being. These results provide additional support for
findings reported in recent work by Grosswald (2003), Geiger-
Brown et al. (2004) and Costa et al. (2006) regarding the impact of
shiftwork on various aspects of off-shift well-being.


An advantage of including assessments of multiple aspects of
off-shift well-being and a broad array of shift characteristics in
this study was the ability to examine preliminary evidence for
Hypothesis 2, the proposed differential effects of various shift
characteristics for different aspects of well-being. Consistent
with Hypothesis 2, although the set of shiftwork characteristics
accounted for variance in all three aspects of well-being, the
particular characteristics that emerged as most relevant differed
somewhat among WFC, physical well-being, and mental well-
being.


The primary drivers of work-to-family conflict had to do with
the number of days worked (number of days per week) and the
inclusion of Sundays as a part of the normal work schedule. This is
quite consistent with the idea that an important aspect of work
interference with home responsibilities has to do with its
structural interference—workers must frequently be ‘‘somewhere
else’’ when family obligations occur. The number of days typically
worked each week was likewise associated (negatively) with
physical well-being. In contrast, the length of individual shifts
influenced assessments of mental well-being (positively). In
addition, for both physical well-being and mental well-being,
the negative consequences of permanent night shifts (and, for
physical well-being, permanent afternoon/evening shifts)
emerged as relevant shift features. These patterns of findings
reinforce the importance of recognizing the complexity of shift
arrangements and the differential importance that various
characteristics of shifts may have for aspects of a workers’ quality
of life, both on the job and off the job. From a practical standpoint,
these findings also have implications for targeting shift design
interventions to particular worker outcomes.


Although most of the relationships between shift character-
istics and our outcome measures were logically consistent with
prior work concerned with shift features and worker health in
general, some of our findings suggest the need for additional
exploration of the dynamics by which shift features have
influence. For example, in the context of other shift characteristics,
longer shift length was associated with better mental well-being.
One explanation for this finding is that we may be seeing a
‘‘healthy worker effect’’ in the sense that those healthcare workers
who work long individual shifts are individuals who have the
mental resilience to cope with extended work days. However, it is
also important to keep in mind that the positive relationship
between shift length and mental well-being does not imply that
mental well-being is enhanced by long work hours per se. The
relationship that we reported here statistically controls for weekly
work hours, so shift length refers to the characteristic way that
work hours are arranged during the week rather than total work
load. Thus, although this finding was initially puzzling, we suspect
it is an artifact of the fact that many nurses who work long
individual shifts (especially those who work a compressed work
week) do so by personal preference, and we may be seeing the
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by-product of working preferred shift arrangements. Prior work
by Barton (1994) suggests that working preferred shifts can
mitigate some of the negative health consequences otherwise
associated with those shift schedules. In her work, she highlighted
the moderating influence that working preferred shift arrange-
ments can have on tolerance for night work. In the healthcare
samples we examined, anecdotal evidence suggests that long
individual shifts are seen as attractive work schedules by many
nurses, because they provide opportunities for them to manage
other aspects other their lives. Furthermore, extended individual
shifts are sometimes accompanied by extended off-time between
shifts and by opportunities to sleep during scheduled work
periods. Other work that focuses specifically on the impact of
compressed work weeks reports that extended work days are
often popular among workers for these very reasons (Rosa et al.,
1989; Smith et al.,1998) . Furthermore, in their review of empirical
evidence comparing eight hour and 12 h shift systems, Smith et al
(1998) reported some negative shift well-being outcomes
(e.g., attention and fatigue) for the 12 h shift systems, but they
also reported evidence of better physical and psychological well-
being, consistent with our findings regarding mental well-being.
Unfortunately, we did not include measures in the survey that
would allow us to specifically test explanations regarding shift
arrangement preferences. Future research that includes this
additional psychological characteristic of shift arrangements
could provide valuable insight into this issue. We encourage
other researchers to systematically incorporate worker shift
arrangement preferences into their thinking about the multi-
faceted nature of shiftwork arrangements.


Although there has been some evidence presented suggesting
that the impact of shift characteristics on some aspects of worker
well-being may differ by nation (Tepas et al., 2004), examination
of our data did not provide evidence of cross-national differences
in the magnitude or direction of relationships between shift
characteristics and indicators of off-shift quality of life (R1).
It is likely that differences in the design of the two studies may
account for this. In their interpretation of their findings, Tepas
et al. pointed out that further research is needed to determine if
the differences they observed reflect basic cultural differences or
differences in occupational duties and work load. By design, in the
current study we assessed and statistically controlled for several
of these factors. Similar to the Tepas et al. findings for shift and
personal well-being, we observed cross-national differences on all
of the outcome variables assessed in this study. However, when
work demands, family demands, and personal characteristics
were included as controls in our analyses, nation did not moderate
the impact of shiftwork characteristics on any of our off-shift
measures of well-being.


It should also be noted that the patterns of shiftwork
arrangements among healthcare professionals recruited from the
four participating countries differed substantially. This can be
seen very clearly in Table 2. Thus an advantage of the multi-
national sample that we recruited is that it provided the
opportunity to explore the impact of shiftwork features that have
restricted range within any single national sample. Relationships
that would be masked when studies are carried out in the context
of individual nations are illuminated when samples from nations
with distinctly different patterns of typical arrangements are
combined. Our samples were convenience samples and are not
necessarily representative of the full distribution of shiftwork
arrangements in each country. Nonetheless, to the extent that
shiftwork characteristics differentially influence well-being, cross-
national differences among the shiftwork arrangements typically
encountered in healthcare work will produce cross-national
differences in well-being. This suggests that examination of the
shiftwork characteristics that typify healthcare work in different

organizational or national settings, combined with our findings
regarding the relative impact of each shift characteristic,
can be used to identify opportunities for rethinking shiftwork
arrangements.
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Rotating night shift work disrupts circadian rhythms and is associated with coronary heart disease. The relation
between rotating night shift work and ischemic stroke is unclear. The Nurses’ Health Study, an ongoing cohort
study of registered female nurses, assessed in 1988 the total number of years the nurses had worked rotating night
shifts. The majority (69%) of stroke outcomes from 1988 to 2004 were confirmed by physician chart review. The
authors used Cox proportional hazards models to assess the relation between years of rotating night shift work and
ischemic stroke, adjusting for multiple vascular risk factors. Of 80,108 subjects available for analysis, 60% reported
at least 1 year of rotating night shift work. There were 1,660 ischemic strokes. Rotating night shift work was
associated with a 4% increased risk of ischemic stroke for every 5 years (hazard ratio ¼ 1.04, 95% confidence
interval: 1.01, 1.07; Ptrend ¼ 0.01). This increase in risk was similar when limited to the 1,152 confirmed ischemic
strokes (hazard ratio ¼ 1.03, 95% confidence interval: 0.99, 1.07; Ptrend ¼ 0.10) and may be confined to women
with a history of 15 or more years of rotating shift work. Women appear to have a modestly increased risk of stroke
after extended periods of rotating night shift work.


risk factors; sleep disorders, circadian rhythm; stroke


Abbreviations: CI, confidence interval; HR, hazard ratio.


Stroke is the third leading cause of death in the United
States and the leading cause of adult disability (1). Because
traditional risk factors do not account for stroke risk entirely,
the study of novel stroke risk factors is important (2). There is
growing evidence that perturbations in sleep influence stroke
risk (3, 4). Shift work, a term that encompasses long-term
night shift work, evening shifts, and rotating shift work, is
known to disrupt circadian rhythms (5) and is associated with
vascular disease risk factors (6–8) and increased catechol-
amine secretion (9). Several prospective studies have identi-
fied rotating night shift work as a risk factor for cardiovascular
disease (10–12), with mixed findings regarding cardiovascu-
lar mortality (13–15). The association between shift work and
cerebrovascular disease has not been well studied. One small
case-control study from Europe has been reported, with no
association identified (16).


In a previous analysis within the Nurses’ Health Study,
rotating night shift work was found to be associated with


a higher risk of developing coronary heart disease (10). Our
objective was to assess the relation between rotating night
shift work and incident ischemic stroke in this same cohort,
furthering the understanding of the association between
sleep and vascular disease and potentially identifying
a novel, modifiable risk factor for stroke. We hypothesized
that shift work would be positively associated with ischemic
stroke risk and, further, that there would be a dose-response
relation.


MATERIALS AND METHODS


Subjects/study population


The Nurses’ Health Study is a prospective, longitudinal
cohort study in which married registered nurses aged 30–55
years were enrolled in 1976. A total of 121,701 nurses of the
approximately 172,400 nurses who were mailed the baseline
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questionnaire responded. Every 2 years, cohort members
receive a follow-up questionnaire with questions about dis-
eases and other health-related topics. Deaths are identified
through the National Death Index and supplemented by re-
ports of next of kin or the postal system and are estimated as
98% complete (17). Detailed methods of the Nurses’ Health
Study have been described (18). This project was approved
by the Brigham and Women’s Hospital Institutional Review
Board in Boston, Massachusetts.


The current analysis included Nurses’ Health Study par-
ticipants who responded to the shift work question in 1988
(n ¼ 85,161). From this sample, women were excluded if
they reported a history of stroke prior to ascertainment of
shift work status (n ¼ 648) or stroke at an unknown time
point (n ¼ 75). Because stroke risk differs significantly by
race and ethnicity (19), with the overwhelming majority of
Nurses’ Health Study participants Caucasian women (97%),
minorities (non-Caucasian (n ¼ 2,008) and Hispanic (n ¼
682) ethnicity) were excluded to eliminate confounding by
race/ethnicity as the small numbers of these subgroups
would preclude statistical adjustment. Another 1,640
women did not contribute to the analysis because they were
missing data on at least 1 covariate in every questionnaire
cycle. The remaining 80,108 women comprise the study
population.


Ascertainment of rotating night shift work and
covariates


‘‘What is the total number of years during which you
worked rotating night shifts (at least 3 nights/month in ad-
dition to days and evenings in that month)?’’ was queried at
a single time point in 1988, with responses in 8 prespecified
categories: never, 1–2, 3–5, 6–9, 10–14, 15–19, 20–29, and
30 or more years. For this analysis, baseline covariates were
also measured by using data from the 1988 questionnaire.
Covariates were updated through mailed questionnaires sent
every other year and included the following: smoking status
(never (referent), past, current); body mass index (<21, 21–
<23, 23–<25 (referent), 25–<27, 27–<30, �30 kg/m2);
alcohol consumption (0 (referent), >0–<5, 5–9.9, �10 g/
day, updated every 4 years on food frequency question-
naires); fruit and vegetable intake (<3 (referent), 3–4.4,
4.5–5.9, 6–7.4, �7.5 servings/day); physical activity (<3
(referent), 3–8.9, 9–14.9, 15–23.9,�24metabolic equivalent-
hours/week); menopausal status (premenopausal, postmen-
opausal without hormone therapy, postmenopausal with past
hormone therapy, postmenopausal with current hormone
therapy (referent), or dubious status due to surgical meno-
pause with at least 1 ovary remaining); regular use of at least
1 aspirin per week (never (referent), past, current); and
dichotomously treated coronary heart disease (angina or
reported myocardial infarction), high blood pressure, ele-
vated lipids, and diabetes.


Several covariates of interest were not available on the
1988 questionnaire. Atrial fibrillation was first queried in
2000 and updated every other year thereafter. Years of the
nurses’ husbands’ education (in 5 categories: no high
school, some high school, high school graduate (referent),
college graduate, graduate school) were assessed in 1992


only, as an indicator of socioeconomic status. The number
of hours of sleep per night (�6, 7, 8 (referent), 9, �10
hours/night) and snoring (never (referent), occasional, reg-
ularly) were assessed in 1986. These 4 variables were
included only in subanalyses. Their ability to confound
the relation between shift work and stroke, defined by
a �10% change in the point estimate for shift work, was
assessed by building models with and without these vari-
ables limited to the subjects and time period after which
the questions were asked.


Ascertainment of endpoints


The primary study endpoint was fatal or nonfatal ische-
mic stroke occurring between the return of the 1988 ques-
tionnaire and June 1, 2004. Hemorrhagic stroke was
excluded, as there was no a priori hypothesis of an associ-
ation for this stroke type with shift work given the different
risk factors for hemorrhagic and ischemic vascular disease.


Between 1988 and 2004, 2,226 women in the study pop-
ulation self-reported a stroke. In addition, 284 fatal strokes
were ascertained through the National Death Index or next
of kin for a total of 2,510 identified strokes. A medical rec-
ord or death certificate was sought for all reported strokes,
and 1,897 (76%) were received and reviewed by a study
physician. Strokes were classified according to established
criteria (20), which required evidence of a neurologic deficit
with sudden or rapid onset that persisted for more than
24 hours or until death. Computed tomography or magnetic
resonance imaging reports were available for 91% of those
with medical records. Cerebrovascular pathology due to in-
fection, trauma, or malignancy was excluded, as were
‘‘silent’’ strokes discovered only by radiologic imaging.
Of these 1,897 stroke reports, 1,503 (79%) were confirmed
to be a stroke: 1,152 ischemic, 281 hemorrhagic, and 70 of
unknown type. Of the 613 reported strokes for which a med-
ical record or death certificate was unavailable, 438 were
reconfirmed verbally or in writing by the participant after
her original report. Because of the high confirmation rate for
reported strokes (79%) and the overwhelming percentage of
ischemic strokes among confirmed cases (77%), our pri-
mary outcome included confirmed ischemic stroke cases
(n ¼ 1,152), confirmed strokes of unknown type (n ¼ 70),
and unconfirmed strokes that were reconfirmed verbally or
in writing by the participant (n ¼ 438), for a total of 1,660
confirmed plus probable ischemic strokes (1,512 nonfatal
and 148 fatal). The mean age at the time of stroke was 69
(standard deviation, 6.9) years.


Statistical analysis


Cox proportional hazards regression models were used to
assess the relation between shift work and stroke risk. All
models were stratified by age in months and questionnaire
follow-up cycle. The time periods for which an individual’s
covariate status was unknown because of missing data did
not contribute to the analysis (8% of person-time). As both
age and questionnaire cycle are proxies for time, proportion-
ality assumptions were tested by adding an interaction term
for shift work 3 age and shift work 3 questionnaire cycle


Rotating Night Shift Work and Stroke 1371


Am J Epidemiol 2009;169:1370–1377


 at V
irginia T


ech on July 21, 2011
aje.oxfordjournals.org


D
ow


nloaded from
 



http://aje.oxfordjournals.org/





to models with shift work treated continuously and
categorically.


To assess the overall association of shift work and stroke
risk (adjusted for age and questionnaire cycle), we com-
pared a model with shift work modeled categorically as
a series of 7 dummy variables (referent was no shift work)
with a model without the shift work variables using a likeli-
hood ratio test (v27). The association of shift work with
stroke risk adjusted for potential confounders was then
assessed after adding the covariates to the model (fully
adjusted model) and again conducting a likelihood ratio
test. To determine the most appropriate functional form
for the shift work variable, we compared the fully adjusted
model with the same model with shift work modeled as
a grouped continuous variable (using midpoints from cat-
egories of years of shift work) using a likelihood ratio test
(v26). The results of this comparison failed to reject a de-
parture from linearity and, therefore, the shift work vari-
able was henceforth treated linearly. The hypothesis of
a trend in stroke risk with increasing years of shift work
was tested using a Wald v2 test for trend in the fully ad-
justed model. The relation between shift work and stroke
was summarized as the increase in risk of stroke for
a 5-year increase in shift work. The above analyses were
run by using confirmed plus probable cases and then re-
peated with only the confirmed ischemic strokes to deter-
mine the influence the probable cases had on the
association between shift work and stroke risk.


Because hypertension, diabetes, and coronary heart dis-
ease may be in the causal pathway between shift work and
stroke, models with and without these variables were run to
assess their influence on the shift work–stroke association.
Subanalyses with limited follow-up time were also con-
ducted to explore potential confounding by socioeconomic
status (husband’s education), atrial fibrillation, snoring, and
duration of sleep. These additional analyses were run using
the primary endpoint of confirmed plus probable ischemic
strokes.


In post hoc analyses, for the purpose of comparison with
prior cardiac analyses in this study population, those who
had worked 1 or more years of rotating night shift work were
combined and compared with those who had never worked
rotating night shift work in a fully adjusted model. After
assessment of the hazard ratio in the 8-category analyses,
the rotating night shift work variable was collapsed into
never (referent), 1–14 years, and �15 years of shift work
and assessed in fully adjusted models. All statistical analy-
ses were performed on SAS, version 9, software (SAS
Institute, Inc., Cary, North Carolina). All statistical tests
were 2 sided.


RESULTS


There were 80,108 subjects, contributing a total of
1,128,895 person-years, available for analysis. Baseline
characteristics of the cohort are reported in Table 1. Women
with more years spent in rotating night shift work were
older; were less likely to use hormone therapy if postmen-
opausal or to have a husband who graduated from college;
and were more likely to sleep 6 or less hours per night, to


snore regularly, or to be diagnosed with coronary heart dis-
ease, diabetes, or hypertension. Of all women in the study
population, 59.5% reported ever having engaged in 1 or
more years of shift work (Figure 1), with only 7.4% report-
ing having worked rotating night shifts for 15 or more years.
Interaction terms within the continuous shift work model
(for age 3 shift work, P ¼ 0.90; for questionnaire cycle 3


shift work, P ¼ 0.97) and the categorical shift work model
(for age 3 shift work, P ¼ 0.49; for questionnaire 3 shift
work, P ¼ 0.53) were not significant, suggesting that pro-
portionality assumptions were not violated.


Using the confirmed plus probable ischemic stroke
cases, we found that there was an overall association
between years of rotating night shift work (modeled cate-
gorically) and stroke (v27 ¼ 21.2; P ¼ 0.004) adjusted for
age and questionnaire follow-up cycle (‘‘time-adjusted’’
model); women who worked longer durations of shift work
(�15 years) had an elevated risk of ischemic stroke com-
pared with women who never worked any rotating shifts
(Table 2). After adjustment for confounders (fully adjusted
model), the overall association between years of shift work
(modeled categorically) and stroke was no longer signifi-
cant (v27 ¼ 8.0; P ¼ 0.33), and only �30 years of shift
work remained marginally significant (hazard ratio (HR) ¼
1.32, 95% confidence interval (CI): 1.00, 1.73) (Table 2).
When restricting to confirmed ischemic stroke cases only,
we found that the association between shift work and ische-
mic stroke was significant only in the 15- to 19-year cate-
gory in both the time-adjusted (HR ¼ 1.65, 95% CI: 1.24,
2.20) and fully adjusted (HR ¼ 1.42, 95% CI: 1.07, 1.89)
models (Table 2).


No significant deviation from linearity was found (v26 ¼
1.9; P ¼ 0.93) when comparing the fully adjusted models
with shift work modeled categorically and as a grouped
continuous variable, suggesting that the grouped continuous
variable was the appropriate functional form of the shift
work variable. In the fully adjusted model with confirmed
plus probable cases and shift work modeled as a grouped
continuous variable, each 5-year increment of rotating shift
work increased the risk of ischemic stroke by 4% (HR ¼
1.04, 95% CI: 1.01, 1.07) (Table 2). The Wald v2 test for
trend was significant (Ptrend ¼ 0.01). Restricting to con-
firmed ischemic stroke cases resulted in little change in
the association between shift work and stroke (HR ¼
1.03, 95% CI: 0.99, 1.07), but the test for trend was no
longer significant (Ptrend ¼ 0.10).


The association between shift work and confirmed plus
probable ischemic stroke remained virtually unchanged in
adjusted models without hypertension (HR ¼ 1.04, 95% CI:
1.01, 1.07), diabetes (HR ¼ 1.05, 95% CI: 1.01, 1.08), or
coronary heart disease (HR ¼ 1.04, 95% CI: 1.01, 1.07)
compared with the fully adjusted results.


Subanalyses


The relation between shift work and stroke did not differ
in analyses with (per 5 years of shift work, HR ¼ 1.04,
95% CI: 1.01, 1.08) or without (HR ¼ 1.04, 95% CI:
1.01, 1.08) adjustment for husbands’ education (n ¼
61,653; strokes ¼ 1,181). Similarly, there was no
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difference in the association between shift work and stroke,
with (HR ¼ 1.05, 95% CI: 1.00, 1.11) or without (HR ¼
1.06, 95% CI: 1.00, 1.11) (n ¼ 69,241; strokes ¼ 317)
adjustment for atrial fibrillation. Furthermore, there was
no difference in the association between shift work and
stroke (n ¼ 70,312; strokes ¼ 1,494) with (HR ¼ 1.03,
95% CI: 0.99, 1.06) or without (HR ¼ 1.03, 95% CI: 0.99,
1.06) adjustment for sleep duration or with (HR ¼ 1.03,


95% CI: 0.99, 1.06) or without (HR ¼ 1.03, 95% CI: 0.99,
1.06) adjustment for snoring.


Post hoc analyses


Those who worked �1 years of shift work did not have
a higher risk of confirmed plus probable (HR ¼ 1.04,
95% CI: 0.94, 1.15) or confirmed ischemic stroke only


Table 1. Age-standardized Baseline Characteristics of the Study Populationa by Category of Years Spent in


Rotating Night Shift Work, Nurses’ Health Study, 1988–2004


Duration of Rotating Night Shift Work


Never
(n 5 28,015)


1–14 Years
(n 5 36,400)


15–29 Years
(n 5 3,821)


‡30 Years
(n 5 1,187)


Mean (SD)


Age, years 54.5 (7.2) 55.0 (7.1) 56.3 (6.9) 60.4 (4.5)


Physical activity, MET-hours/weekb 13.7 (15.0) 14.9 (15.9) 14.7 (16.2) 15.8 (15.1)


Body mass index, kg/m2 25.4 (4.8) 25.6 (4.9) 27.0 (5.4) 26.8 (4.6)


Alcohol, g/day 6.7 (10.6) 6.7 (10.6) 5.5 (9.9) 6.1 (8.9)


Fruit, servings/day 2.2 (1.3) 2.3 (1.3) 2.3 (1.3) 2.5 (1.2)


Vegetables, servings/day 3.0 (1.4) 3.2 (1.5) 3.1 (1.6) 3.3 (1.4)


Percent


Premenopausal 29.0 28.6 26.0 6.4


Postmenopausal 64.5 64.6 66.1 85.1


Dubious menopausal statusc 6.6 6.8 7.9 8.5


Current hormone therapy userd 31.7 31.6 25.1 24.5


Current smoker 17.2 18.6 24.8 22.8


Regular aspirin usere 65.2 66.6 66.7 66.3


Coronary heart disease 5.1 5.8 8.3 11.0


Diabetes 3.9 4.2 6.8 6.5


High blood pressure 27.2 28.1 34.0 37.0


High cholesterol 24.5 25.0 26.6 29.6


Atrial fibrillation 6.7 7.0 7.4 6.5


Husband’s education


Less than high school 6.0 5.9 9.1 11.8


High school graduate 40.0 39.2 49.2 46.9


College or more 54.0 54.9 41.6 41.3


Sleep, hours/night


�6 26.5 29.8 42.5 40.1


7 43.1 42.1 35.4 31.6


8 25.3 23.5 17.9 23.9


�9 5.0 4.6 4.2 4.4


Snore regularly 8.8 9.6 12.8 13.6


Abbreviations: MET, metabolic equivalent; SD, standard deviation.
a Baseline was 1988 for all variables except husband’s education, hours of sleep, snoring, and atrial fibrillation,


where the baseline was 1992, 1986, 1986, and 2000, respectively. Values are standardized to the age distribution of


the study population at baseline. The baseline study population is smaller than the total number as some nurses did


not contribute data in 1988.
b MET-hours/week of recreational or leisure-time activity; 3 MET-hours/week is equivalent to walking at an average


pace for 1 hour each week.
c Women whose periods had ceased because of surgery but still have at least 1 ovary remaining.
d Use of hormone therapy was calculated among 44,850 postmenopausal women.
e Regular use of 1 or more aspirin tablets per week.
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(HR ¼ 1.02, 95% CI: 0.90, 1.14) compared with those
who had never worked rotating night shifts. The lack of
a significant association when using this crude measure of
shift work probably resulted from the loss of information in
the shift work variable due to dichotomization. Although
those who worked 1–14 years of rotating night shift work
did not have a higher risk for either confirmed plus prob-
able (HR ¼ 1.01, 95% CI: 0.91, 1.12) or confirmed ische-
mic stroke only (HR ¼ 0.98, 95% CI: 0.86, 1.11), those
with �15 years of rotating night shift work did have
a higher risk of both confirmed plus probable (HR ¼
1.41, 95% CI: 1.19, 1.66) and confirmed ischemic stroke
only (HR ¼ 1.23, 95% CI: 1.01, 1.50) compared with
those who had never worked rotating night shifts.


DISCUSSION


The current analyses demonstrate an independent associ-
ation between rotating night shift work and ischemic stroke
risk in a cohort of non-Hispanic white female nurses. A
linear trend between the number of years of rotating night
shift work and ischemic stroke risk was observed, with a 4%
increase in ischemic stroke risk for each 5 years of shift
work. Despite the linear trend identified, a threshold effect
may exist, as risk was only significantly increased in cate-
gorical models for women who worked 15 or more years of
rotating night shift work. The only other prospective study
to date addressing a similar question reported no association
between shift work and risk of incident ischemic stroke (16).
However, this study was limited by methodological issues
including small size, limited follow-up, and exposure mis-
classification. Two other unadjusted studies from Europe
failed to demonstrate a clear relation between rotating night
shift work and stroke mortality (14, 15).


Our analysis adds to the expanding body of work eval-
uating the influence of sleep disorders on stroke risk. Both
sleep apnea and longer sleep durations have been described
as risk factors for stroke (3, 4, 21, 22), although whether
sleep apnea is more prevalent in shift workers remains
unknown. The mechanism by which rotating shift work
may affect stroke risk is unclear. One possibility is that
sleep deprivation in shift workers may worsen existing
sleep apnea, although this is not well substantiated (23).
Another possibility is that the effect may be mediated
through melatonin. It is generally well accepted that expo-
sure to light during the night decreases melatonin synthesis
(24). Nighttime workers are therefore at risk for lower
melatonin exposure (25), a finding that has been substan-
tiated by lower urinary 6-sulfatoxymelatonin excretion in
rotating and fixed night workers (26). There are several
ways by which lowered melatonin production may in-
crease stroke risk (27). First, it may promote atherosclero-
sis, as melatonin is known to be a direct radical scavenger
and to have other antioxidant effects (28). Second, it may
result in a relatively hypercoagulable state, as melatonin
administration may reduce coagulability (29). Third, ex-
ogenous melatonin has been shown to lower blood pressure
in small studies (30, 31). Given the suggested threshold
effect in the current study, the effect on coagulability is
a less likely explanation given that this should not require
over a decade to take effect.


Alternatively, rotating shift work may affect the risk of
ischemic stroke indirectly through its effects on other
stroke risk factors. In addition to hypertension, shift work
has also been associated with diabetes, heart disease,
smoking, and obesity, but results have been variable (6–
8, 32–34). Evening work and night shift work have also
been found to be associated with nondipping blood


Figure 1. Distribution of rotating night shift work reported among 80,108 baseline participants, Nurses’ Health Study, 1988–2004.
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pressure status (lack of blood pressure decrease during
sleep), which is an emerging stroke risk factor (35). The
current analysis accounted for traditional stroke risk fac-
tors and showed an independent association between rotat-
ing night shift work and ischemic stroke risk. We were
unable to adjust for atrial fibrillation and socioeconomic
status in the main models, but in a more limited follow-up
period, neither appeared to be a significant confounder.
Given the importance of hypertension, diabetes, and coro-
nary heart disease as risk factors for ischemic stroke, we
considered their mediating effects by comparing models
with and without these covariates. The association of ro-
tating night shift work was similar in these models, sug-
gesting that these factors are not the main biologic
mediators of the observed increased risk. The mediating
effects of vascular risk factors on the association be-
tween rotating night shift work and stroke risk require
further study.


Shift work appears to have deleterious effects on multi-
ple vascular systems. Prior studies have shown an in-
creased risk of cardiac disease, deaths from ischemic
heart disease, and hospitalization for other vascular dis-
eases (10–12, 14, 36). A prior analysis within the Nurses’
Health Study cohort showed a positive association, as
well as a dose-response relation, between rotating night
shift work and coronary heart disease (10). This study


adds rotating night shift work to the list of shared risk
factors for ischemic heart and cerebrovascular disease,
although the apparent threshold appears lower (ap-
proximately 6 years) for cardiovascular outcomes than
the longer �15 years identified in the current study for
stroke.


This study has several limitations. This analysis was
limited to Caucasian women, thereby limiting the general-
izability to males or to other race/ethnic groups. Most, but
not all, stroke cases were confirmed by study physicians
through review of medical and death records. However, the
effect size for shift work and stroke was similar using
the confirmed or confirmed plus probable stroke cases in
the continuous models for this group of health professio-
nals. Shift work was also quantified at 1 time point only;
therefore, subsequent shift work could not be taken into
account. This measurement error would be likely to lead to
an underestimation of the association. We also assessed
only rotating night shift work and thus cannot determine
whether there is an association with stable night shift work
and stroke. Misinterpretation of the shift work question
could have resulted in inclusion of stable night shift work,
which would likely have resulted in a bias toward the null.
As with all longitudinal studies, there were some missing
data. Because some data may not have been missing com-
pletely at random, excluding time periods with missing


Table 2. Hazard Ratio of Ischemic Stroke by Years of Working Rotating Night Shifts, Nurses’ Health Study, 1988–2004


Type of
Ischemic Stroke


Duration of Rotating Night Shift Worka,b Hazard
Ratio/5
Years of


Shift Work


Ptrend
Never


1–2
Years


3–5
Years


6–9
Years


10–14
Years


15–19
Years


20–29
Years


‡30
Years


Confirmed þ probable


No. of cases 622 343 287 130 88 68 63 59


Time-adjustedc


hazard ratio
1.00 0.96 1.01 1.16 1.11 1.43 1.34 1.47 1.07 <0.001


95% confidence
interval


0.84, 1.09 0.88, 1.16 0.96, 1.40 0.89, 1.40 1.11, 1.84 1.03, 1.74 1.12, 1.92 1.04, 1.10


Fully adjustedd


hazard ratio
1.00 0.99 1.00 1.10 0.99 1.24 1.17 1.32 1.04 0.01


95% confidence
interval


0.87, 1.13 0.87, 1.15 0.91, 1.33 0.79, 1.24 0.96, 1.59 0.90, 1.52 1.00, 1.73 1.01, 1.07


Confirmed only


No. of cases 437 237 197 92 57 54 43 35


Time-adjustedc


hazard ratio
1.00 0.94 0.98 1.16 1.05 1.65 1.29 1.22 1.06 0.002


95% confidence
interval


0.80, 1.10 0.83, 1.16 0.92, 1.45 0.79, 1.38 1.24, 2.20 0.94, 1.77 0.86, 1.73 1.02, 1.10


Fully adjustedd


hazard ratio
1.00 0.96 0.96 1.09 0.94 1.42 1.13 1.11 1.03 0.10


95% confidence
interval


0.82, 1.13 0.81, 1.14 0.87, 1.36 0.71, 1.24 1.07, 1.89 0.82, 1.55 0.78, 1.57 0.99, 1.07


a At least 3 nights per month of night shift work in addition to days or evenings in that month.
b Never (458,880 person-years of follow-up); 1–2 years (274,665 person-years); 3–5 years (188,648 person-years); 6–9 years (76,393 person-


years); 10–14 years (51,029 person-years); 15–19 years (30,882 person-years); 20–29 years (29,846 person-years), and �30 years (18,702


person-years).
c Adjusted for age and questionnaire cycle.
d Adjusted for age, questionnaire cycle, hypertension, coronary heart disease, diabetes, elevated cholesterol, aspirin use, body mass index,


smoking, alcohol consumption, fruit and vegetable consumption, physical activity, menopausal status, and use of hormone replacement therapy.
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data could have contributed to bias, although the magni-
tude of missing data was not large. As with other studies
assessing shift work as a risk factor for cardiovascular
disease (10, 33, 37), unmeasured confounding remains
a potential limitation. However, covariate information
was extensively measured in the Nurses’ Health Study
making this unlikely. Further, the use of a nursing cohort
helps to reduce confounding by socioeconomic status, an
important stroke risk factor (38, 39). Moreover, subanaly-
ses including atrial fibrillation and husband’s education as
a surrogate for socioeconomic status suggest that these
factors were not confounders and, therefore, unlikely that
they explain the observed association between rotating
night shift work and ischemic stroke. Nonetheless, there
may be other confounders that we were not able to take into
account. For instance, 1 could postulate an unhealthy shift
worker effect in which less healthy individuals with more
comorbidities select rotating night shift work rather than
daytime work. Of course, the opposite or no effect could be
true (40). The categorical analysis showed significant as-
sociations with stroke only for the higher shift work cate-
gories. It is therefore possible that these higher shift work
year categories with fewer subjects may have been overly
influential on the test for trend.


The current study identified rotating night shift work as an
independent risk factor for ischemic stroke. Although the
potential biologic explanations support either a threshold or
a linear effect, the data suggest that this association may be
present only in the highest years of shift work. More re-
search is needed to confirm this finding in other cohorts
and to evaluate underlying mechanisms. Given that up to
14.8% of the US workforce work alternate shift schedules
(41), ultimately, ways to reduce stroke risk in occupations
requiring nighttime workers may be needed.
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16. Hermansson J, Gillander Gådin K, Karlsson B, et al. Ischemic
stroke and shift work. Scand J Work Environ Health. 2007;
33(6):435–439.


17. Stampfer MJ, Willett WC, Speizer FE, et al. Test of the Na-
tional Death Index. Am J Epidemiol. 1984;119(5):837–839.


18. Stampfer MJ, Willett WC, Colditz GA, et al. A prospective
study of postmenopausal estrogen therapy and coronary heart
disease. N Engl J Med. 1985;313(17):1044–1049.


19. Sacco RL, Boden-Albala B, Gan R, et al. Stroke incidence
among white, black, and Hispanic residents of an urban
community: the Northern Manhattan Stroke Study. Am J
Epidemiol. 1998;147(3):259–268.


20. Walker AE, Robins M, Weinfeld FD. The National Survey of
Stroke. Clinical findings. Stroke. 1981;12(2 pt 2 suppl 1):
I13–I44.


21. Yaggi HK, Concato J, Kernan WN, et al. Obstructive sleep
apnea as a risk factor for stroke and death. N Engl J Med.
2005;353(19):2034–2041.


1376 Brown et al.


Am J Epidemiol 2009;169:1370–1377


 at V
irginia T


ech on July 21, 2011
aje.oxfordjournals.org


D
ow


nloaded from
 



http://aje.oxfordjournals.org/





22. Chen JC, Brunner RL, Ren H, et al. Sleep duration and risk of
ischemic stroke in postmenopausal women. Stroke. 2008;
39(12):3185–3192.


23. Desai AV, Marks G, Grunstein R. Does sleep deprivation
worsen mild obstructive sleep apnea? Sleep. 2003;26(8):
1038–1041.


24. Brainard GC, Kavet R, Kheifets LI. The relationship between
electromagnetic field and light exposures to melatonin and
breast cancer risk: a review of the relevant literature. J Pineal
Res. 1999;26(2):65–100.


25. Schernhammer ES, Rosner B, Willett WC, et al. Epidemiology
of urinary melatonin in women and its relation to other hor-
mones and night work. Cancer Epidemiol Biomarkers Prev.
2004;13(6):936–943.


26. Hansen AM, Garde AH, Hansen J. Diurnal urinary 6-
sulfatoxymelatonin levels among healthy Danish nurses
during work and leisure time. Chronobiol Int. 2006;23(6):
1203–1215.


27. Tengattini S, Reiter RJ, Tan DX, et al. Cardiovascular diseases:
protective effects of melatonin. J Pineal Res. 2008;44(1):
16–25.


28. Reiter RJ, Tan DX, Osuna C, et al. Actions of melatonin in the
reduction of oxidative stress. A review. J Biomed Sci. 2000;
7(6):444–458.
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Quantity and Quality of Sleep and
Incidence of Type 2 Diabetes
A systematic review and meta-analysis
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OBJECTIVE — To assess the relationship between habitual sleep disturbances and the inci-
dence of type 2 diabetes and to obtain an estimate of the risk.


RESEARCH DESIGN AND METHODS — We conducted a systematic search of pub-
lications using MEDLINE (1955–April 2009), EMBASE, and the Cochrane Library and manual
searches without language restrictions. We included studies if they were prospective with
follow-up �3 years and had an assessment of sleep disturbances at baseline and incidence of type
2 diabetes. We recorded several characteristics for each study. We extracted quantity and quality
of sleep, how they were assessed, and incident cases defined with different validated methods.
We extracted relative risks (RRs) and 95% CI and pooled them using random-effects models. We
performed sensitivity analysis and assessed heterogeneity and publication bias.


RESULTS — We included 10 studies (13 independent cohort samples; 107,756 male and
female participants, follow-up range 4.2–32 years, and 3,586 incident cases of type 2 diabetes).
In pooled analyses, quantity and quality of sleep predicted the risk of development of type 2
diabetes. For short duration of sleep (�5–6 h/night), the RR was 1.28 (95% CI 1.03–1.60, P �
0.024, heterogeneity P � 0.015); for long duration of sleep (�8–9 h/night), the RR was 1.48
(1.13–1.96, P � 0.005); for difficulty in initiating sleep, the RR was 1.57 (1.25–1.97, P �
0.0001); and for difficulty in maintaining sleep, the RR was 1.84 (1.39–2.43, P � 0.0001).


CONCLUSIONS — Quantity and quality of sleep consistently and significantly predict the
risk of the development of type 2 diabetes. The mechanisms underlying this relation may differ
between short and long sleepers.


Diabetes Care 33:414–420, 2010


S leep patterns of quantity and quality
are affected by a variety of cultural,
social, psychological, behavioral,


pathophysiological, and environmental
influences. Changes in modern society
include longer working hours, more
shift-work, and 24-7 availability of com-
modities. These changes are paralleled by
secular trends of curtailed duration of
sleep to fewer hours per day across west-
ernized populations (1). These trends
have led to increased reporting of fatigue
and tiredness and excessive daytime
sleepiness (2). Lack of sleep exerts delete-
rious effects on a variety of systems with


detectable changes in metabolic (3,4), en-
docrine (5,6), and immune pathways (7).


Short-term, acute, laboratory, and
cross-sectional observational studies indi-
cate that disturbed or reduced sleep is as-
sociated with glucose intolerance, insulin
resistance, reduced acute insulin re-
sponse to glucose, and a reduction in the
disposition index (4), thus predisposing
individuals to type 2 diabetes. The causal-
ity of the association and the generaliz-
ability of the results to longer-term effects
of sustained sleep disturbances have been
studied in prospective population studies
to establish a temporal sequence between


exposure and outcome. Because of the
large differences in the types and sizes of
populations examined, the duration of
follow-up, and the size of the effects, it is
difficult to draw immediate conclusions
on the consistency of the associations and
the size of the effect. Our aim was to re-
view published prospective population-
based studies to assess whether the global
evidence supports the presence of a rela-
tionship between sleep disturbances (in
quantity and quality) and the develop-
ment of type 2 diabetes and to obtain a
quantitative estimate of the risk.


RESEARCH DESIGN AND
METHODS


Literature search
We developed a search strategy to identify
studies that reported the association be-
tween sleep disturbances and incidence of
type 2 diabetes. We searched the elec-
tronic databases MEDLINE (from 1955 to
April 2009) and EMBASE (from 1980) as
well as the Cochrane Library using the
terms “sleep” and “diabetes” and “pro-
spective” or “cohort” or “longitudinal.”
Furthermore, we reviewed reference lists
of original and review articles to search for
more studies. No language restriction was
applied. After electronic identification of
1,553 potentially relevant studies, 175
were identified for additional scrutiny. Fi-
nal exclusions were made through pe-
rusal of abstracts (supplementary Fig. 1,
available in an online appendix at http://
care.diabetesjournals.org/cgi/content/full/
dc09-1124/DC1).


Inclusion and exclusion criteria
Studies had to fulfill the following criteria
for inclusion: original article, prospective
design, assessment of sleep disturbances
(short or long duration as well as diffi-
culty in initiating or maintaining sleep) as
baseline exposure, incident cases of type 2
diabetes as outcome, follow-up of at least
3 years, adult population, and indication
of the number of subjects exposed and of
the rate or number of incident cases in
different sleep disturbance categories. No
sample size restriction was applied. Stud-


● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
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ies were excluded if a case-control design
was used. If multiple published reports
from the same study were available, we
included only the one with the most de-
tailed information for both exposure and
outcome.


Data extraction
Data were extracted independently by
two investigators (F.P.C. and L.D.), and
differences were resolved by discussion
and consensus with either P.S. or M.A.M.
Relevant data included the first author’s
surname, year of publication, country of
origin of the population studied, recruit-
ment year, number of participants, num-
ber of incident cases of type 2 diabetes
in each group, participants’ age, sex,
duration of follow-up, method used to
measure sleep disturbance, reference cat-
egory, category for “short” and “long”
sleep, outcome assessment, reported rel-
ative risks (RRs) (8–14) or hazard ratios
(HRs) (15–17) of type 2 diabetes by sleep
category, corresponding 95% CIs, and
covariates adjusted in the original statisti-
cal analysis.


Definition of sleep disturbance
Duration of sleep was assessed by self-
reported habitual sleep duration using
questionnaires (in one study by direct in-
terview [10]). Short sleep was defined as
�5 (8,11–13), �6 (10,15), or �7 h/night
(14). Long sleep was defined as �8
(12,15) or �9 h/night (8,11,13,14). Dif-
ficulty in initiating or maintaining sleep
was assessed by questionnaire (Table 1).
The latter measures are components of
sleep quality. Sleep maintenance reflects
sleep consolidation.


Statistical analysis
The quality of the studies included in the
meta-analysis was evaluated by the
Downs and Black Quality Index score sys-
tem (18), a validated checklist for assess-
ing the quality of both randomized
clinical trials and nonrandomized studies.
It consists of several items distributed
among five subscales: reporting, external
validity, bias, confounding, and power.
For the assessment of nonrandomized,
prospective studies, the maximum score
is 19. RRs or HRs were extracted from the
selected publications and were used to
measure the relationship between sleep
disturbances and the incidence of type 2
diabetes. Their SEMs were calculated
from the respective CIs. The value from
each study and the corresponding SEM
were transformed into their natural loga-
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rithms to stabilize the variances and to
normalize their distribution. We esti-
mated the pooled RR (and 95% CI) using
a random-effects model. By comparison
with the reference category of sleep dis-
turbance, we estimated the pooled risk
and 95% CI of developing type 2 diabetes
for the short and the long sleep category
and for difficulty in initiating or maintain-
ing sleep separately. Heterogeneity
among studies was tested by Q statistics
and quantified by I2 and H statistics (19).
We also performed meta-regression using
a random-effects model (20). Funnel plot
asymmetry was used to detect publication
bias, with the application of Egger’s re-
gression test (21). When indicated, we re-
calculated the combined estimate after
imputation from the asymmetry of the
funnel plot of the number of “missing”
studies and their effect sizes and SEMs, a
method known as “trim and fill” (21). The
influence of individual studies was exam-
ined by omitting one or more study at a
time to see the extent to which inferences
depended on a particular study or group
of studies (sensitivity analysis). Subgroup
analysis was performed to assess possible
sources of statistical heterogeneity and to
check for the potential impact of sex and
duration of follow-up on the relationship
between sleep disturbances and incidence
of type 2 diabetes. All statistical analyses
were performed using MIX software (ver-
sion 1.7) (22).


RESULTS


Characteristics
Ten studies (reporting on 13 cohorts)
were included in the meta-analysis (8–
17) (supplementary Fig. 1). When results
were reported for men and women sepa-
rately, they were entered into the analyses
as separate cohorts. Table 1 summarizes
the characteristics of the studies. Overall,
the systematic review included 107,756
participants. Five studies recruited both
men and women (11,13–15,17), two
studies recruited only women (8,10), and
three studies recruited only men
(9,12,16). Four studies were from Eu-
rope, four were from the U.S., and two
were from Japan. One study reported re-
sults by ethnicity (14). The majority of
studies were population-based cohorts
(9–12,17), two had multicenter recruit-
ment (8,14), one was a national survey
(13), and two were from occupational co-
horts (15,16). The median Quality Score
Index was 16 (range 8 –17). Median
follow-up was 9.5 years (4.2–32). All


studies assessed sleep disturbances by
questionnaire. The methods to ascertain
new cases of type 2 diabetes varied among
studies: in five studies, questionnaires
were used (8,9,11,15,17), with additional
validation (8,9); in the other five studies,
more direct diagnostic criteria were used
(10,12–14,16). The total number of inci-
dent cases of type 2 diabetes was 3,586.
Of the five studies that included both men
and women, two reported outcomes sep-
arately for men and women (11,17).
Overall, nine cohorts reported data on the
relationship between type 2 diabetes and
short sleep, seven on long sleep, six on
difficulty in initiating sleep, and six on
difficulty in maintaining sleep (Table 1).


Short duration of sleep
Short duration of sleep was associated
with a greater risk of developing type 2
diabetes (Fig. 1A) with no evidence of
publication bias (supplementary Fig. 2a).
There was statistical heterogeneity among
studies. The effect in men (RR 2.07 [95%
CI 1.16–3.72]) tended to be larger than
that in women (1.07 [0.90–1.28], heter-
ogeneity test P � 0.04). The effect was not
affected by the restriction of the analysis
to studies defining short sleep as �5 h, in
which incident cases were assessed by
questionnaire (n � 5; 1.36 [1.10–1.68,
P � 0.004).


Long duration of sleep
Long duration of sleep was associated
with a greater risk of type 2 diabetes (Fig.
1B) with no evidence of publication bias
(supplementary Fig. 2b) and no statisti-
cally significant heterogeneity. The effect
was not altered by the restriction of the
analysis to studies defining long sleep as
�9 h (n � 5; RR 1.38 [95% CI 1.15–
1.65], P � 0.0006) or to those in which
incident cases were assessed by question-
naire (n � 4; 1.59 [1.15–2.21], P �
0.0053).


Difficulty in initiating sleep
Difficulty in initiating sleep was associ-
ated with a greater risk of type 2 diabetes
(Fig. 2A) with no evidence of publication
bias (supplementary Fig. 2c) and no sta-
tistical heterogeneity. The effect was not
altered by the restriction of the analysis to
studies in which incident cases were as-
sessed by direct clinical assessments (n �
4; RR 1.58 [95% CI 1.13–2.21], P �
0.0082). The trim and fill method im-
puted two studies with a revised estimate
of 1.45 [1.13–1.86].


Difficulty in maintaining sleep
Difficulty in maintaining sleep was asso-
ciated with a greater risk of type 2 diabe-
tes (Fig. 2B) with no evidence of pub-
lication bias (supplementary Fig. 2d) and
no statistical heterogeneity. The effect was
not altered by the restriction of the anal-
ysis to studies in which incident cases
were assessed by direct clinical assess-
ments (n � 4; RR 1.67 [95% CI 1.30–
2.14], P � 0.0001). The effect estimates
were comparable in men (n � 3,207 in-
cident cases, 2.29 [1.28 – 4.10], P �
0.005) and in women (n � 2,107 incident
cases; 1.95 [1.22–3.12], P � 0.005, het-
erogeneity test P � 0.68). The trim and fill
method imputed two studies with a re-
vised estimate of 1.62 (1.18–2.24).


Duration of follow-up
The risk of developing type 2 diabetes
showed an overall trend to increase with
the duration of follow-up (Fig. 3). The RR
increments per year of follow-up were es-
timated at 2% for short sleep (1.02 [95%
CI 0.93–1.12]) after the exclusion of an
outlier (10) (coefficient before exclusion
0.98 [0.96 –1.01]), 7% for long sleep
(1.07 [0.99 –1.16]), no increments for
difficulty in initiating sleep (1.00 [0.95–
1.05]), and 12% (1.12 [1.00–1.24], P �
0.04) for difficulty in maintaining sleep.


CONCLUSIONS — This study pro-
vides for the first time quantitative pooled
estimates of the associations between
measures of quantity and quality of habit-
ual sleep and the incidence of type 2 dia-
betes in studies around the world. It
shows an unambiguous and consistent
pattern of increased risk of developing
type 2 diabetes at either end of the distri-
bution of sleep duration and with quali-
tative disturbances of sleep. The risk
varies between 28% in people who report
habitual sleep of �5–6 h/night and 84%
in those with difficulties in maintaining
their sleep. The presence of little or no
statistical heterogeneity among studies,
the absence of publication bias, and the
high statistical power confer further
strength to our results. The effects were,
by and large, comparable in men and
women (with the exception of short sleep)
and did not depend on the type of assess-
ment of exposure and outcome or on the
definitions of short or long sleep. A large
number of potential confounders, partic-
ularly age and BMI, were considered in
the primary analyses. The effect tended to
increase with the duration of follow-up.
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These results are of interest for several
reasons. First, the association is consistent
in different populations. Although the
meta-analysis detected some statistical
heterogeneity among studies (in particu-
lar, in the short sleep category), further
sensitivity analysis and the absence of
publication bias are in favor of similar ef-
fects across populations. Second, they in-
dicate an effect size of potential public
health relevance, consistent across the
sexes and depending on the duration of
follow-up.


Study limitations
First, with the exception of one study
(16), all had a Downs and Black score be-
tween 15 and 18 of 19, indicating high
quality. Second, a meta-analysis of obser-
vational data cannot directly control for
confounding. We made an attempt to al-
low for multiple confounding by includ-
ing adjusted estimates from multivariate
models from each contributing study.
However, residual confounding and bias
remain a possibility. For instance, low
levels of physical activity or poor diet that


are causally related to type 2 diabetes may
have also influenced sleep patterns.
Third, there was no evidence of publica-
tion bias. However, the results can only be
representative of the studies included and
may not be easily extrapolated to other
settings. For instance, most studies were
carried out in Europe, the U.S., and Ja-
pan. They cannot therefore represent the
wider populations across the globe, par-
ticularly those from the Indian subconti-
nent (where type 2 diabetes is highly
prevalent) or from Africa. All studies used
self-reported sleep disturbances (either as
quantity or as quality of sleep). These
methods have limitations in that they of-
ten may not allow (unless explicitly built
as additional questions) differentiation of
time asleep from time in bed or estimation
of the number and duration of naps when
assessing duration of sleep. On the other
hand, sleep studies using objective mea-
sures of sleep are not practical and often
not feasible in large prospective popula-
tion studies. Sleep diaries, actigraphy,
and polysomnography from some large
population and small-scale investigations


have shown good correlations between
subjective estimates of sleep duration and
more direct assessments (23–25). Fur-
thermore, assessments of sleep dura-
tions in the primary health care setting,
when collected, rely exclusively on self-
reported data from patients.


Quantity and quality of sleep were as-
sessed at one point in all studies. A single
measure of exposure may not fully cap-
ture the sustained effects of sleep disrup-
tion over time on long-term morbidity.
The studies analyzed did not always ex-
clude subjects with obstructive sleep ap-
nea-hypopnea syndrome (OSAS). These
represent �4% of middle-aged men and
�2% of middle-aged women (26,27).
OSAS is associated with obesity, short and
disrupted sleep, excessive daytime sleep-
iness, and high rates of morbidity and
mortality, predominantly due to cardio-
vascular disease (28). Although it is pos-
sible that the presence of patients with
OSAS may have contributed to the risk of
type 2 diabetes, the adjustment for obe-
sity or BMI in almost every study would
have, at least in part, corrected for this.


Figure 1—Quantity of sleep and the risk of developing type 2 diabetes. Results are expressed as RR (95% CI). The size of squares is proportional to
the weight of the study. A: Forest plot of the risk of type 2 diabetes associated with short duration of sleep compared with the reference group in nine
population cohorts from seven published prospective studies. B: Forest plot of the risk of type 2 diabetes associated with long duration of sleep
compared with the reference group in seven population cohorts from six published prospective studies. n/a, not available.


Cappuccio and Associates


care.diabetesjournals.org DIABETES CARE, VOLUME 33, NUMBER 2, FEBRUARY 2010 417







Sex differences in the risk associated
with duration of sleep have been reported
(29–33). Our analysis was repeated after
stratification by sex, wherever possible.
No differences were detected between
short duration of sleep or difficulty in


maintaining sleep and the development of
type 2 diabetes. Ideally long duration of
follow-up would be needed to assess the
influence of sleep on health over the life
course (34). We excluded a priori studies
with short follow-up (�3 years) to avoid


the possibility that measurements of sleep
quantity and quality would be too close to
the diagnosis of type 2 diabetes. We in-
cluded studies with follow-up ranging
from 4.2 to 32 years. The effect size was
directly related to the duration of fol-
low-up for some measures of sleep distur-
bance, suggesting the possibility of a
time-dependent cumulative effect. We
were unable to stratify studies by age-
groups because of the inconsistent report-
ing of age in the original studies.


Potential mechanisms
Causative mechanisms relating sleep
problems to adverse health outcomes in-
clude reciprocal changes in circulating
levels of leptin and ghrelin (6,35). These
in turn would increase appetite and ca-
loric intake, reduce energy expenditure
(3,4), and facilitate the development of
obesity (4,6) and impaired glycemic
control (36), increasing cardiovascular
risk. Increased cortisol secretion and al-
tered growth hormone metabolism have
also been implicated (37). Low-grade
inflammation is activated during short
sleep, with possible implications not
only for cardiovascular disease (7) but


Figure 2—Quality of sleep and the risk of developing type 2 diabetes. Results are expressed as RR (95% CI). The size of squares is proportional to
the weight of the study. A: Forest plot of the risk of type 2 diabetes associated with difficulty in initiating sleep (D.I.S.) compared with none in six
population cohorts from five published prospective studies. B: Forest plot of the risk of type 2 diabetes associated with difficulty in maintaining sleep
(D.M.S.) compared with none in six population cohorts from four published prospective studies. n/a, not available.


Figure 3—Meta-regression of the risk of developing type 2 diabetes by duration of follow-up
according to type of sleep disturbance. The size of circles is proportional to the weight of the study.
DIS, difficulty in initiating sleep; DMS, difficulty in maintaining sleep.
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also for other chronic conditions in-
cluding cancer. The association of diffi-
culty of initiating or maintaining sleep
could be related to the same mecha-
nisms, as an expression of reduced total
sleep duration. Finally, elevated levels
of dopamine and symptoms of gastro-
esophageal reflux have recently been
described as important contributors to
difficulties in maintaining sleep and in-
somnia (38,39). Conversely, there is a
less clear indication of possible mecha-
nisms mediating the effect of long
duration of sleep as a cause of type 2
diabetes. Depressive symptoms, low so-
cioeconomic status, unemployment, a
low level of physical activity, undiag-
nosed health conditions, and poor gen-
eral health have all been shown to be
associated with long duration of sleep
and to confound the association with
morbidity as well as mortality (40).


Disrupted sleep, both in quantity and
quality, should be regarded as a behav-
ioral risk factor for the development of
type 2 diabetes, heavily determined by the
environment and possibly amenable to
modification through both education and
counseling as well as through favorable
modifications of physical and working
environments to allow sufficient sleep
and avoid habitual and sustained sleep
deprivation and disruption.
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Shift work is a fundamental component of working patterns 
across the US workforce and is therefore an integral part of 
the lifestyle of a large proportion of the population. However, 


shift workers are at risk of developing the circadian rhythm sleep 
disorder shift-work disorder (SWD), a clinically recognized condi-
tion that develops in some individuals who work at night, start work 
early in the morning (4 to 7 am), or work according to a rotating-
shift schedule. SWD is more severe than—and distinct from—the 
sleep disturbances commonly associated with shift work. Provided 
other sleep/wake disorders can be discounted, SWD is diagnosed 
by the presence of excessive sleepiness (ES) and/or insomnia for  
≥1 month during which the individual is performing shift work.1 


Shift work poses a serious public health risk, as it can im-
pair an individual’s ability to perform effectively and may lead 
to occupational or traffic accidents. Furthermore, shift work has 
numerous negative health effects and infringes on an individu-
al’s ability to sleep, eat normally, exercise, and develop relation-
ships. However, SWD is underrecognized in the clinical setting,2 
and data regarding its epidemiology and etiology are scarce in 
the scientific literature. Published information regarding shift 
work in general has therefore been used as the foundation for 
informing the clinical community on the potential burden of 
SWD. It is incumbent on primary care physicians to be vigilant 
for SWD in shift workers, make an accurate diagnosis, and initi-
ate appropriate treatment in order to relieve—and prevent—the 
acute consequences and long-term health sequelae of this dis-
order, as well as to ensure public safety. 


This supplement describes the burden of SWD, discusses 
the current understanding of the processes that cause this and 
other circadian rhythm sleep disorders, and describes the rec-
ognition and available management strategies for SWD. This ar-
ticle reviews the prevalence of SWD and examines the scale of its 
social and economic burden, including associated comorbidi-
ties. In the second article, Dr Chris Drake explains the causes of 
SWD and other circadian rhythm sleep disorders by describing 
the circadian and homeostatic systems and detailing how life-
style factors, individual susceptibility, morbidity, and genetic 
components can result in circadian rhythm pathology. 


Practice recommendations


y	�Shift-work disorder (SWD) and its defining 
symptoms can negatively affect health, 
quality of life, and work performance. The 
gravity of these consequences necessitates 
vigilance for the symptoms of SWD by 
primary care physicians (SOR: B).


y	�The threshold for treatment intervention 
for emergency service workers, such as 
firefighters, who make crucial decisions 
under shift-work conditions and who are 
experiencing SWD should be lower than 
for shift workers in general (SOR: B).


y	�The economic costs of untreated  
SWD are likely to be high. Early  
diagnosis and treatment of SWD may 
reduce these costs in addition to reducing 
the human burden of this circadian 
rhythm sleep disorder (SOR: C).
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The diagnosis of SWD is particularly challenging 
because its defining symptoms of ES and/or insomnia 
are demonstrated by numerous morbidities, includ-
ing other sleep disorders. Furthermore, normal and 
abnormal responses to the challenge of shift work are 
not easily differentiated, and current diagnostic crite-
ria require additional validation.3 Identification of SWD 
relies on detailed discussion of a patient’s medical his-
tory, knowledge of relevant risk factors, and differential 
diagnosis to rule out other potentially causative medical 
conditions. Dr Jonathan Schwartz provides a compre-
hensive guide to recognizing and diagnosing patients 
with SWD in the third article of this supplement. In the 
final article, Dr Michael Thorpy discusses the behavioral 
and pharmacologic options available for patients with 
SWD in order to address ES and insomnia as well as co-
morbidities. He also supplies a useful algorithm to assist 
with the treatment of SWD in the primary care setting.


Epidemiology of SWD, insomnia,  
and ES in shift workers
For approximately 22 million US adults, shift work is an 
integral part of their professional life.4 Of these individu-
als, about 3.8 million regularly work night shifts, and an 
additional 3.3 million perform night-shift work on a ro-
tating basis.5 


Drake and colleagues6 used a telephone question-
naire to conduct a study of the prevalence of SWD in the 
general population of Detroit, MI; 2036 day-shift, 360 
rotating-shift, and 174 night-shift workers participated. 
This study used minimum International Classification 
of Sleep Disorders 2 (ICSD–2) criteria to define SWD1; 
namely, subjects with ES and/or insomnia who had been 
working either a night-shift or a rotating-shift schedule 
for the past 2 weeks were diagnosed with SWD. In this 
study, ES was defined by an Epworth Sleepiness Scale 
(ESS)7 score of the total sample mean + 1 standard de-
viation (effectively, an ESS score of ≥13, compared with 
the more commonly applied ES diagnostic score of ≥10). 
Insomnia was diagnosed using Diagnostic and Statisti-
cal Manual of Mental Disorders, Fourth Edition, Text Re-
vision criteria,8 ie, the subject had experienced periodic 
recurrences of difficulty in falling asleep, staying asleep, 
or nonrestorative sleep for at least 1 month, with a self- 
reported severity of at least 6 points out of a possible 
score of 10 on a visual analog scale. 


Drake and colleagues6 reported that 32.1% and 
26.1% of night-shift and rotating-shift workers, respec-
tively, met their prespecified ES and/or insomnia crite-
ria, compared with 18.0% of day workers. The differential 


“true” prevalence of ES and insomnia—and therefore 
SWD—in night-shift and rotating-shift workers was re-
ported to be approximately 14.1% and 8.1%, respective-
ly. When it is considered that approximately 6% of all 
workers in the United States perform night- or rotating-
shift work, the overall prevalence of SWD in the general 
population was estimated to be approximately 1%.6 This 
result is lower than the 2% to 5% estimated in the ICSD–2 
coding manual,1 and some sleep specialists have argued 
that the figure put forward by Drake and colleagues6 is 
conservative.3 However, Drake and colleagues6 also ap-
plied the more usual ES diagnostic measure of an ESS 
score of ≥10 and, using this criterion, found a much 
higher prevalence of ES in their study population: 44.8% 
of night-shift workers and 35.8% of rotating-shift work-
ers were found to have ES and therefore would also be 
considered to have SWD, provided their symptoms per-
sisted for ≥1 month. 


A recent study of 4471 US police officers reported 
that 2.0% of this population had SWD, which was de-
fined by the occurrence of both insomnia and ES in as-
sociation with a recurrent schedule of work that over-
lapped the normal rest period.9 


Epidemiologic data for SWD are sparse and addi-
tional studies are warranted. Few overt data exist for the 
prevalence of SWD. Although the occurrence of insom-
nia and/or ES has been studied in various shift-working 
populations, frequently only one symptom is analyzed. 
Shift-working individuals who have either symptom for 
≥1 month should be regarded as meeting the diagnostic 
criteria for SWD even if this is not stated explicitly by the 
respective study investigators. 


For example, the Helsinki Heart Study examined 
the occurrence of insomnia and/or ES over a 3-month 
period in a population of approximately 3000 middle-
aged men participating in a coronary heart disease 
prevention trial.10 Persistent insomnia was reported by 
approximately 50% of rotating- and night-shift workers, 
whereas persistent ES was reported by approximately 
25% of shift workers overall; those with ES and/or in-
somnia therefore met the diagnostic criteria for SWD.10 


By contrast, a study using the Multiple Sleep Laten-
cy Test in a population of shift-working, long-haul bus 
drivers reported that the criteria for ES were met by 38% 
to 42% of subjects.11 However, as the time frame over 
which patients experienced ES was not measured in this 
study, these patients should be viewed as being at risk of 
developing SWD, as opposed to having SWD per se.11


Similarly, in a study of police officers, insomnia or 
hypersomnia were reported by a significantly higher 
proportion of shift-working personnel compared with 
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their day-working colleagues (insomnia, 25.9% vs 15.8% 
[P < .001]; hypersomnia, 4.9% vs 2.2% [P < .02]).12 The 
absence of data regarding persistence of these symp-
toms precludes diagnosis of SWD in these patients.


Other studies have reported the prevalence of un-
planned napping at work, which may be indicative of 
ES or sleep deprivation. For example, in a study of al-
most 700 registered female nurses, approximately 35% 
and 32% of participants working rotating or night shifts, 
respectively, reported episodes of unplanned sleep at 
work and may therefore have been at risk for develop-
ing SWD.13


Comorbidities associated with  
shift work and SWD
There are few reported studies regarding comorbidities 
in patients with SWD, although a large epidemiologic 
study has reported that patients with SWD are signifi-
cantly more likely to experience comorbidities than are 
day workers or shift workers without SWD (P < .05).6 
Shift work has adverse effects on health even in the ab-
sence of SWD, although to date there is no evidence that 
shift work directly affects longevity.14,15


Metabolic disturbance and gastrointestinal issues
The relationship between sleep disturbance and obesity 
is well documented but poorly understood due to its 
complexity.16 Sleep deprivation in particular has been 
implicated in the pathogenesis of weight gain and dia-
betes, and it may be that recognition and treatment of 
sleep disorders in general may assist with curtailing the 
current obesity epidemic.17


In a study of 500 male municipal workers in Italy, 3 
of the 5 diagnostic symptoms of metabolic syndrome—
obesity, elevated cholesterol, and raised triglyceride lev-
els—were found significantly more frequently in night- 
shift workers than in day workers (P < .001, P < .01, and 
P < .001, respectively), indicating that shift work is as-
sociated with significant metabolic disturbance.18 This 
report extended the findings of an earlier study that 
demonstrated that shift workers at a chemical plant in 
Italy had a significantly higher mean body mass index 
(BMI) than their day-working colleagues (27.7 kg/m2 vs  
26.5 kg/m2, respectively; P < .01).19 In addition, the prev-
alence of diabetes increased with duration of exposure 
to shift work, and markers of insulin resistance were 
more common in shift workers than in day workers.20,21


Compared with day workers, shift workers also 
have higher rates of peptic ulcers and gastrointestinal 
problems, such as constipation and diarrhea.22,23 These 


findings were confirmed by a large trial of US work-
ers, which reported that night-shift workers (odds ratio 
[OR], 3.13; 95% confidence interval [CI], 1.62-6.05), ro-
tating-shift workers (OR, 2.32; 95% CI, 1.32-4.06), and 
subjects diagnosed with symptoms of SWD (OR, 4.55; 
95% CI, 2.47-8.37) experienced increased rates of peptic 
ulcers compared with day workers (P < .001 for all com-
parisons).6 Furthermore, both the effects of shift work 
and the symptoms of SWD contributed cumulatively to 
the increased likelihood of developing an ulcer among 
patients with SWD.6


Metabolic disturbance and gastrointestinal symp-
toms in shift workers and patients with SWD may arise 
in response to eating at unusual times of day, as food 
intake acts as a cue for the synchronization of the circa-
dian clock. Moreover, gastric secretions in the middle of 
the night oppose the intrinsic circadian rhythm of enzy-
matic activity set by the light/dark cycle. The increased 
consumption of caffeine and alcohol used as coping 
strategies by many shift workers may also lead to gastro-
intestinal sequelae.24


Cardiovascular issues
Heart rate and blood pressure vary throughout the day 
due to circadian control; however, persistent nocturnal 
activity due to night work reportedly limits or abolishes 
the normal nocturnal reductions in blood pressure and 
decreases heart rate variability.25,26 Individuals who do 
not experience circadian-driven fluctuations in blood 
pressure are likely to develop hypertension, which may 
lead to further cardiovascular sequelae.27 In addition, 
there is some evidence that ES may be a risk factor for 
hypertension.28 Shift workers have a 40% increased risk 
of developing cardiovascular disease compared with 
day workers.29 Interestingly, a large study of the general 
population in Detroit, MI, reported that while night-
shift (OR, 2.57; 95% CI, 1.24-5.30) and rotating-shift 
work (OR, 2.01; 95% CI, 1.06-3.83) were associated with 
an increased risk of heart disease (P = .01), the symp-
toms of SWD per se did not additionally exacerbate 
heart disease.6 However, a cohort study of nearly 6000 
participants (the Cardiovascular Health Study) report-
ed that ES is linked with increased rates of myocardial 
infarction, total and cardiovascular mortality, and con-
gestive heart failure,30 although differences between the 
study populations in this and the study by Drake and 
colleagues6 preclude direct comparison of their results.


Changes in hormone secretion, autonomic and 
sympathetic cardiac control, metabolism, and heart 
rate while working at night are implicated in shift-work-
related cardiovascular problems.18,31 Other factors, such 
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as heightened levels of stress relating to work dissatis-
faction and an absence of social support, may also play 
a part.29,32 Furthermore, increased rates of smoking and 
more frequent rates of overweight contribute to the in-
creased risk of developing cardiovascular problems in 
this patient population.18,29


Cancer
Increased rates of breast, prostate, and colorectal can-
cer have been reported in occupations typically associ-
ated with night-shift work, such as firefighting, health 
care, and law enforcement.33-39 For example, a study of 
long-term shift-working nurses reported that this popu-
lation was at a moderately increased risk of breast and 
colorectal cancer. Nurses who had worked for ≥20 years 
on a rotating night-shift schedule had a relative risk 
of breast cancer of 1.79 (95% CI, 1.06-3.01) compared 
with non–shift-working nurses.39 The risk of developing 
breast cancer increased with longer working hours and 
increased duration of night-shift working.34 The relative 
risk of colon cancer in nurses who had worked a rotat-
ing night-shift for ≥15 years compared with nurses who 
never worked night shifts was 1.35 (95% CI, 1.03-1.77).38 


Women who are awake during what would nor-
mally be the period of peak melatonin production (ie, 
at night) due to work commitments or poor sleep habits 
have been shown to have an increased risk of develop-
ing breast cancer (OR, 1.14 for each night per week; 95% 
CI, 1.01-1.28).34 It may be that increased rates of can-
cer in shift-working populations are due to a reduction 
in night-time melatonin production, which has been 
shown to increase the incidence of tumors in animal 
models.40,41 Dysregulation of circadian genes in cancer-
related pathways or altered hormone production have 
also been implicated in raising the risk of cancer in shift-
working individuals.42,43


Reproductive health
In addition to an increased risk of developing breast 
cancer, shift-working women are also more likely than 
day workers to experience irregular menstruation, re-
duced fertility, and problems during pregnancy.44-46 


Moreover, women working rotating shifts have more 
difficulty becoming pregnant than night-shift working 
women.47,48


Sleep disorders
The chronic sleep deprivation experienced by indi-
viduals with insomnia, including shift workers and 
those with SWD, is linked to reduced serum iron levels, 
which in turn leads to additional sleep problems such as  


restless legs syndrome or periodic limb movement dis-
order.12,49 Periodic limb movement disorder occurs in 
8.5% of shift workers, compared with 4.2% of non–shift 
workers (P < .005).12 Fatigue (weariness without feeling 
sleepy) is frequently reported by shift workers and is of-
ten a manifestation of an underlying sleep disorder that 
is disrupting sleep quality.50 The reported prevalence of 
sleep disorders other than SWD in shift workers is ap-
proximately 30%.51


Mood and anxiety disorders
High rates of depression have been reported in shift 
workers, particularly in women.52 Furthermore, de-
pression and SWD can both manifest as impairment in 
memory and concentration and may also result in apa-
thy and lethargy. It is therefore vital that shift-working 
patients who present with symptoms of depression are 
asked about their sleep habits in order to avoid misdiag-
nosis of a mood disorder. 


Shift work is thought to exacerbate existing mood 
disorders; this may be due to a lack of bright light ex-
posure, as is the case with patients who experience 
seasonal affective disorder.53 A large epidemiologic 
study has reported that symptoms of SWD were asso-
ciated with elevated rates of depression (OR, 2.57; 95% 
CI, 2.01-3.27).6 Interestingly, rates of depression did 
not differ between day, night-shift, and rotating-shift 
workers who did not have SWD. The findings indicate 
that, although SWD may be associated with depression, 
shift work alone does not elevate the risk of developing 
this mood disorder.6 Assessment of shift-working radar 
controllers in the US Air Force using the Zung Anxiety 
and Depression Scales showed that shift workers with 
SWD had a greater likelihood of experiencing anxiety 
than did their shift-working colleagues without SWD  
(P < .01), and they were also significantly more prone to 
depression (P < .01).54


Cognitive effects associated  
with shift work and SWD
Memory consolidation, learning, alertness, and perfor-
mance are severely affected by sleep deprivation, even 
in the absence of circadian misalignment.55,56 Moreover, 
ES has detrimental effects on memory, impedes con-
centration, and impairs learning and work performance, 
regardless of its etiology.57-59 A recent study has assessed 
learning in healthy patients who lived under shift-work 
conditions in a laboratory devoid of time cues by mea-
suring improvements in the Mathematical Addition Test 
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and the Digit Symbol Substitution Task.60 Circadian mis-
alignment was found to be detrimental to learning in 
subjects who failed to adapt to their imposed schedule 
of sleep and wake.60 Thus individuals who experience 
ES, sleep deprivation, and sleep/wake synchronization 
issues as a result of SWD are likely to be particularly af-
fected in this respect.


ES can be severe in night-shift workers (defined by 
an ESS score ≥18)7 and becomes most pronounced in 
terms of impaired performance between 3 and 6 am.55 


Reductions in sleep duration of between 1 and 4 hours 
per day have been reported in night-shift populations, 
and this sleep deprivation may account for a large pro-
portion of the ES associated with SWD.61-63 Moreover, the 
quality of night-shift workers’ sleep is often poor due 
to premature awakening and reductions in rapid eye 
movement and stage 2 slow wave sleep, which is asso-
ciated with memory consolidation and learning.62-66 Re-
striction of sleep time by as little as 2 hours per night for 
1 week has been shown to significantly affect scores on 
vigilance tasks.67 Furthermore, the persistent sleep debt 
incurred by shift workers may lead to reduced atten-
tion and performance equivalent to that demonstrated 
by intoxicated persons or study subjects required to re-
main awake continuously for 24 hours.67,68 Of concern, 
significantly lower levels of alertness and performance 
have been recorded in nuclear power plant night-shift 
workers vs day- and evening-shift workers.69,70


Alertness and cognitive processes may be espe-
cially impaired during the transition from day work to 
a series of night shifts, as many individuals will attempt 
to stay awake throughout the whole first day and night.71 
Response times in tests of visual selective attention were 
significantly (P < .05) affected on the first night shift in 
a shift-work simulation study.71 These results indicate 
that the potential for accidents is increased in affected 
night-shift workers from as early as their first shift; pro-
ductivity is also likely to be affected almost immediately 
in such workers.71


Social and quality of life burden of SWD
Shift work negatively affects quality of life. In a study 
of Air Force radar controllers, shift workers in general 
experienced higher levels of anxiety (P < .001) and ir-
ritability (P < .05) and demonstrated a greater tendency 
to ignore stress (P < .001) than did day workers.54 Im-
portantly, this study also demonstrated that SWD im-
parts a significantly greater detriment to quality of life 
than does shift work alone. Quality of life for shift work-
ers with SWD was significantly poorer than that of shift 


workers without this disorder for the Sickness Impact 
Profile domains of sleep and rest (P < .001), emotional 
behavior (P < .001), home management (P < .05), mo-
bility (P < .05), social interaction (P < .01), ambulation  
(P < .05), alertness behavior (P < .001), work (P < .05), 
and recreational pastimes (P < .01).54 Subjects with 
SWD also experienced greater impairments, compared 
with other shift workers, for the Illness Behavior Ques-
tionnaire domains of general hypochondriasis (P < 
.001), disease conviction (P < .001), affective inhibition  
(P < .001), affective disturbance (P < .001), and the 
Whiteley Index of Hypochondriasis (P < .001).54 


Moreover, a large epidemiologic study of the gen-
eral US population found that individuals with SWD are 
more likely to be unable to attend social and family inter-
actions due to sleep problems than those without SWD.6 
Permanent night workers with SWD missed 8.6 days of 
family or social activity per month compared with 1.5 
days in those without SWD; rotating-shift workers with 
SWD missed 10.1 days of family or social activity each 
month vs 1.0 day in their colleagues without SWD.6


A set of self-report questionnaires—the Standard 
Shiftwork Index (SSI)—was developed specifically to 
monitor problems relating to shift work, including 
changes in alertness, coping, job satisfaction, sleep, 
psychological well-being, and physical health.72 A num-
ber of studies have used the SSI in shift-work popula-
tions and have demonstrated that this measure can dif-
ferentiate between shift schedules of differing types and 
length.73-79 However, a number of analyses have intimat-
ed that several of the scales incorporated in the SSI are 
psychometrically weak, and further evidential support 
for this set of questionnaires may be required.80,81


Accidents
Shift workers are more likely to have work-related ac-
cidents than are day workers.82 Considering that the 
shift-work population includes nurses, physicians, fire-
fighters, police officers, military personnel, pilots, and 
drivers, the potential ramifications of SWD are discon-
certing. Early treatment intervention should be consid-
ered in emergency workers presenting with SWD symp-
toms so that they can continue to perform their roles 
safely. Transportation accidents due to ES, suboptimal 
treatment of patients under the care of shift-working 
clinicians, and injuries to the clinicians themselves are 
commonplace, yet SWD remains a poorly documented 
condition.2


The likelihood of a medical resident experiencing 
a percutaneous injury (with a scalpel or needle) was 
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found to be twice as high during a night shift than dur-
ing a day shift (OR, 2.04; 95% CI, 1.98-2.11).83 The odds 
of reporting an accident or error due to ES were twice 
as high among nurses on a rotating-shift schedule com-
pared with nurses on a fixed day or evening shift.13 


Other workers with vital roles are also affected by 
the demands of shift work. Police officers required to 
work shifts were reported to be significantly more like-
ly to experience a sleep-related accident at work or at 
home than were their non–shift-working colleagues 
(OR, 2.24; P < .0005); data concerning the types of ac-
cidents experienced by these police officers were not 
collected in this study.12


More accidents are reported by workers commut-
ing home after the night shift than by day workers.84,85 


For example, 40% of motor vehicle accidents experi-
enced by medical residents in their first postgraduate 
year occurred during the commute home after shift 
work.86 Moreover, 74% of motor vehicle crashes involv-
ing emergency medicine residents occurred after they 
had worked a night shift, compared with 12% after a day 
shift.85 Among night-shift working nurses, 79% reported 
experiencing at least one episode of drowsiness on the 
commute home in a 4-week study.87 


Driving as part of a shift-based occupation also 
presents risks for accidents, with approximately 25% 
of police officers reporting that they have fallen asleep 


at the wheel while driving at work.88 It is not surprising 
that the vast majority of single-vehicle accidents oc-
cur early in the morning, when drivers are sleepiest89,90  
(FIGURE 1). 


Early-morning sleepiness is also thought to be 
responsible for the increased rate of military flight ac-
cidents at this time of day.91 Twelve percent of US Air 
Force non-aircrew shift workers admit that they have ex-
perienced a fatigue-related operational error, although 
only 31% of those affected officially reported such an 
event.  Of concern, work/rest guidelines used by shift-
working US Air Force aircrew do not appear to greatly 
improve matters, as fatigue was found to be a factor in 
13% of serious aviation mishaps recorded between 1972 
and 2000.92


Although these data are illuminating, it is apparent 
that very few studies have been published on the rate 
of accidents specifically caused by SWD. Considering 
that patients with SWD are particularly vulnerable to 
the circadian issues created by shift work, it seems likely 
that they must make up a significant proportion of the 
shift-working population that experiences work-related 
and traffic accidents. However, until further studies are 
performed that specifically analyze accidents involv-
ing patients with SWD, we can only anticipate that the 
incidents that these individuals experience are more 
harmful and occur more frequently compared with the 
general shift-working population.


Economic impact of SWD
As described in “Cognitive effects associated with shift 
work and SWD” on page S6 of this article, shift work is 
associated with significant neurocognitive deficits and 
reduced efficiency at work. The costs due to lost pro-
ductivity and accidents associated with shift workers 
performing at suboptimal level are, therefore, likely to 
be substantial. To date, studies of the direct and indirect 
costs of shift work and SWD have not been published; 
however, an indication of the scale of the economic 
burden can be gained by looking at the costs associated 
with the 2 key symptoms of SWD: ES and insomnia.


A study of the economic consequences of ES (per-
formed using 1988 data) reported that ES of any etiol-
ogy was responsible for motor vehicle accidents costing 
between $29 billion and $38 billion annually ($53 bil-
lion and $69 billion, when adjusted to 2009 values) and 
work-related accidents (including deaths and disabling 
injuries) costing between $10 billion and $13 billion 
annually ($18 billion and $24 billion when adjusted to 
2009 values).93


The risk of a truck driver experiencing a traffic accident is high during times of 
postprandial drowsiness but is greatest outside normal working hours and, in 
particular, at the end of the night.   
 


Reprinted with the permission of the publisher (Taylor & Francis Group, http://
www.informaworld.com) from Ergonomics. “Lorry driver’s time habits in work 
and their involvement in traffic accidents,” by Hamelin P, January 9, 1987.89


 Figure 1	 Risk rate and periods of driving 
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Studies of patients with insomnia of unspecified 
etiology reveal the extent of the cost burden of this 
symptom. An observational US study found that average 
6-month total costs (ie, direct and indirect costs) were 
approximately $1253 higher for an adult (age 18–64 
years) with insomnia than for a matched control with-
out insomnia.94 


A recently reported Canadian study highlighted the 
large contribution of indirect costs to the total costs as-
sociated with insomnia.95 Direct costs included those 
for doctors’ visits, transportation to the visits, and pre-
scription and over-the-counter drugs. Indirect costs as-
sociated with insomnia included those for lost produc-
tivity and job absenteeism; these accounted for 91% of 
all costs. On average, the total annual costs incurred by a 
patient with insomnia syndrome (defined as those who 
used a sleep-promoting agent ≥3 nights per week and/
or were dissatisfied with sleep, had insomnia symptoms  
≥3 nights per week for ≥1 month, and experienced 
psychological distress or daytime impairment)95 were 
C$5010 (C$293 direct and C$4717 indirect). For a pa-
tient with insomnia symptoms, average annual total 
costs were calculated to be C$1431 (C$160 direct and 
C$1271 indirect). By comparison, a good sleeper (ie, a 
study subject who reported being happy with his or her 
sleep, did not report symptoms of insomnia, and did not 
use sleep-promoting medication) was found to incur 
average annual costs of C$421.95


More detailed assessment is required of the costs 
incurred specifically in patients with SWD, but there is 


clearly an economic rationale for early diagnosis and 
treatment of the symptoms of SWD.


Summary
What is clear from this review is that, while information 
on shift work is relatively abundant, data concerning 
SWD are meager. For example, epidemiologic data on 
SWD are sparse, in part because many investigators in 
studies of shift workers do not take the seemingly logical 
step of assessing SWD in their subjects. However, differ-
entiating between shift workers who experience tran-
sient symptoms associated with adapting to a new shift 
schedule and individuals with SWD is complex and may 
lead to underrecognition of this condition. Similarly, 
there are few data on the comorbidities experienced by 
individuals diagnosed with SWD and further studies are 
warranted. The increased risk of illness demonstrated 
by shift-working individuals may be even greater in pa-
tients with SWD due to their intrinsic—and poorly un-
derstood—vulnerability to the effects of shift work. 


The studies described here show that the burden of 
SWD is multifactorial, and it includes impairment of pa-
tients’ relationships and health and reduces their efficien-
cy at work.6 Again, there are very few data on the economic 
burden of SWD, although reduced productivity and the  
cost of accidents in the workplace and while driving are 
likely to be high. Additional research is needed in this area. 
	 Shift workers, including public service workers, must 
make difficult decisions during times of day when they 


CVD, cardiovascular disease; GI, gastrointestinal.


 Figure 2	 Shift-related factors likely to affect attrition in the emergency medical professions 
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are not functioning optimally. Emergency clinicians in 
particular have great responsibility and must work under 
these trying conditions. In addition to the increased rates 
of traffic and workplace accidents encountered by such 
clinicians, many will also have difficulty adapting to shift 
and on-call work, lose recreation time with their fami-
lies, and experience insomnia, ES, sleep deprivation, and 


comorbidities (FIGURE 2). Not surprisingly, these factors 
lead to high rates of dissatisfaction and attrition in spe-
cialized roles,96 including health care workers, air traffic 
controllers, and power-plant workers. A lack of support 
for shift workers dealing with such issues has economic 
and safety consequences for society in general; recogni-
tion and treatment of SWD are therefore vital.  n
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Organisms demonstrate predictable daily patterns in 
neuroendocrine function and behavior. The arche-
typal example is the sleep/wake cycle, although daily 


fluctuations are evident in nearly all physiological processes, 
including heart rate, blood pressure, and the release of diges-
tive enzymes.1,2 Such characteristics are controlled by circa-
dian rhythms under the command of the organism’s circadian 
pacemaker, also referred to as the “biological clock.” The word 
circadian is taken from the Latin circa dies, meaning “around 
a day” and, in this instance, refers to the endogenous free-
running clock within the hypothalamus. This clock functions 
on a cycle of approximately 24.2 hours,3 although daylight and 
social cues serve to entrain (synchronize) the circadian pace-
maker to the 24-hour day ascribed by the rotation of the Earth. 
This article aims to characterize the current understanding of 
the mammalian circadian system and describes the features 
of the 6 recognized circadian rhythm sleep disorders (CRSDs), 
including shift-work disorder (SWD).


The circadian system
The circadian system consists of 3 parts: (1) input pathways, 
(2) a central oscillator, and (3) output pathways.4 The mam-
malian sleep/wake cycle is governed by the circadian clock as 
follows: (1) light is transferred from the retina via melanopsin 
in ganglion cells of the retinohypothalamic tract to (2) the 2 
suprachiasmatic nuclei (SCN) in the hypothalamus, which 
interpret these data regarding day length and signal them to 
(3) the pineal gland, which secretes melatonin nocturnally for 
a duration corresponding to the habitual period of darkness 
(scotoperiod) experienced by the organism5-8 (FIGURE 1). The 
SCN also activate further output pathways, including the ad-
renal gland, which releases the stress hormone cortisol in the 
morning prior to waking; production of cortisol assists with 
arousal from sleep.9
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Practice recommendations


y	�Being alert to excessive sleepiness 
and/or insomnia in shift workers may 
prevent comorbidities and accidents 
that can occur as a consequence of  
shift-worker disorder (SWD) (SOR: B).


y	�Not all shift workers develop SWD.  
Thus, identification of sensitivity 
to shift work may be facilitated by 
asking patients whether they find it 
difficult to function in the absence 
of consolidated sleep, prefer to 
be active early in the day, or have 
previously experienced insomnia 
due to sleep challenges (SOR: B).
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The SCN are capable of maintaining oscillatory pat-
terns of rhythmic gene expression and electrical and 
metabolic activity even when cultured in vitro.10-13 Ab-
lation of the SCN results in disruption of activity/rest 
cycles in some mammals.14 These findings demonstrate 
the robustness of the central oscillator and its vital role 
in preserving important mammalian behaviors such as 
the sleep/wake cycle. Each of the 2 SCN comprises ap-
proximately 10,000 neurons, a proportion of which fire 
rhythmically to synchronize cellular activity throughout 
the body via the neuroendocrine and autonomic ner-
vous systems.


Target cells and the SCN rhythmically transcribe 
clock genes. Expression of such genes is controlled by  
autoregulatory feedback, ensuring that the circadian 
rhythm of each cell can work autonomously while re-
maining capable of responding to entrainment from 
extrinsic cues—predominantly the light/dark cycle. 
Examples of clock genes that have been characterized 
in humans are hPer (period homolog)1, hPer2, hPer3, 
hCLOCK (circadian locomotor output cycles kaput), hCK 
(casein kinase)1δ, and hCK1ε. Mutations in these genes 
are thought to be responsible for a variety of intrinsic 
CRSDs and also confer individual preferences for activ-
ity early or late in the day (morningness or eveningness, 
respectively). For example, a single nucleotide polymor-
phism in the hCLOCK gene is associated with a more de-
layed, evening-type, individual-phase preference, where-
as a polymorphism in the hPer2 gene is associated with 
more of an advanced-phase preference characterized by 
going to sleep and awakening earlier.15,16


The homeostatic system
The sleep/wake cycle is not governed solely by the circa-
dian system; successive hours of wakefulness produce 
an increasing sleep pressure referred to as the homeo-
static sleep drive. These 2 systems typically interact in 
a synergistic way, with the homeostatic system increas-
ing the drive to sleep as the day progresses, while the 
circadian signal counteracts this process by promoting 
wakefulness (FIGURE 2A). The circadian alertness signal 
dissipates in the evening, making way for homeostatic 
sleep pressure to give rise to sleep onset.17,18 However, 
when the internal circadian phase is shifted or behav-
iors change relative to circadian timing—as occurs in 
individuals with a CRSD—the homeostatic and circadi-
an systems no longer interact synergistically to maintain 
appropriate sleep/wake behavior. For example, shift 
workers may struggle to stay awake at night in the face 
of increased homeostatic pressure for sleep, without 


CNS, central nervous system; MCRGC, melanopsin-containing retinal ganglion 
cells; RHT, retinohypothalamic tract; SCN, suprachiasmatic nuclei.


 Figure 1	 Entrainment of the sleep/wake cycle 
by light


the benefit of a wake-promoting signal from the SCN 
(FIGURE 2B) (see “Shift-work disorder” on page S15 of 
this article for a more detailed explanation of the sleep 
challenges that give rise to this CRSD).19 This situation 
is diametrically opposed to normal sleep/wake behav-
iors in terms of the circadian timing of physiological 
processes and has potentially dire consequences. In-
deed, circadian desynchronization in animals has been 
shown to decrease survival rate,20 and numerous stud-
ies in humans have demonstrated increased morbidity 
associated with circadian misalignment (see “The social 
and economic burden of shift-work disorder” on page 
S3 of this supplement).


Types of circadian rhythm  
sleep disorder
The 6 main CRSDs can be broadly classified into 2 types:  
intrinsic and extrinsic (TABLE 1).21 Intrinsic CRSDs are 
characterized by asynchrony between the patient’s 
sleep/wake cycle and the external day/night cycle, due 
to dysregulation within the internal circadian system. 
Some intrinsic CRSDs have a heritable component, 
while other intrinsic CRSDs are caused by the absence 
of the transmission of light/dark signals to the brain or 
by maturational changes.22-25


Extrinsic CRSDs result from an imposed change 
in the behavioral timing of sleep and wakefulness rela-
tive to internal circadian timing. Not everyone who is 
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exposed to changes in their sleep/wake pattern will de-
velop an extrinsic CRSD; rather, these conditions act as 
a trigger for individuals who are susceptible to the circa-
dian challenges of shift work or jet lag. (Factors that may 
cause a vulnerability to extrinsic CRSDs are discussed 
in detail in “Shift-work disorder” on page S15 of this  
article.)


In addition to the CRSDs listed above, the second 
edition of the International Classification of Sleep Disor-
ders also recognizes CRSDs that occur due to a medical 
condition, or drug or substance abuse, or are not other-
wise specified.21 Potential causes/triggers of CRSDs in-
clude stroke, depression, intracranial infection, or head 
injury. Central nervous system stimulants and depres-
sants may also contribute to drug-induced circadian 
phase disturbances.22


Intrinsic circadian rhythm  
sleep disorders


Delayed sleep-phase disorder
Delayed sleep-phase disorder leads to a postponement of 
the rest period and a late awakening compared with soci-
etal norms, and is the most common intrinsic CRSD.23 An 
overwhelming majority (90%) of these patients report that 
the onset of their symptoms occurred before or during ado-
lescence.23 Functional alterations in some clock genes may 
lead to maladaptation of the sleep/wake cycle to entrain-
ment by light,26 and several different mutations in the hPer3 
gene have been found to result in the delayed sleep-phase 
disorder phenotype.27,28 Individuals with this heritable form 
of delayed sleep-phase disorder may have a lengthened in-
trinsic circadian period even in the presence of normal en-
trainment cues. Other patients with delayed sleep-phase-
disorder demonstrate hypersensitivity to light.29


Advanced sleep-phase disorder
Individuals with advanced sleep-phase disorder experi-
ence a circadian pressure for early initiation of sleep and 
early awakening.30 This disorder is uncommon, being diag-
nosed in <2% of patients with an intrinsic CRSD.23 Patients 
with advanced sleep-phase disorder tend to be elderly.23,24 
As sleeping and awakening early are less likely to interfere 
with work and social interactions than consistently sleep-
ing and rising later in the day, it may be that advanced 
sleep-phase disorder is underreported. Advanced sleep-
phase disorder has a heritable pathology in some indi-
viduals (familial advanced sleep-phase disorder). Two 
different gene mutations (in hPer2 and hCK1δ) in sepa-
rate families have been reported to result in a shortened 
circadian pacemaker oscillation period in the presence 
of normal entrainment, resulting in advanced melatonin, 
temperature, and sleep/wake rhythms.31-34


Free-running disorder
Patients with free-running disorder—also referred to 
as non–24-hour sleep/wake syndrome—demonstrate 
a progressive pattern of 1- to 2-hour delays in the on-
set of sleep and the subsequent waking time. Free-run-
ning disorder is diagnosed in <2% of individuals with an 
intrinsic CRSD23 and most often occurs in totally blind 
individuals with no light perception due to the absence 
of photoentrainment of the sleep/wake cycle.25 Without 
entrainment, the behavioral sleep/wake cycle persists 
with a period similar to that of the internal circadian pe-
riod of slightly more than 24 hours, resulting in a small 
but continual off-setting of sleep/wake times compared 
with the 24-hour day/night cycle.35


(A) A schematic of the typical sleep/wake patterns in a diurnally entrained day 
worker. The circadian drive for wakefulness increases throughout the day to 
maintain alertness and then declines with the start of melatonin secretion in the 
early evening, facilitating sleep onset. Here circadian and homeostatic factors 
work synergistically to promote the normal cycle of sleep and wakefulness.  
(B) A schematic of a diurnally entrained night-shift worker. Sleep that is initiated 
during the day is in conflict with the internally generated circadian signal for 
wakefulness, thereby producing fragmented daytime sleep. During night-time 
work hours, the circadian signal for wakefulness dissipates in conjunction 
with an increasing homeostatic drive for sleep. Thus, in the shift worker, both 
circadian and homeostatic factors that promote sleep occur at times when the 
worker is attempting to remain awake and alert. Maladjustment to these chal-
lenges contributes to the occurrence of shift-work disorder.


 Figure 2	 Sleep/wake patterns of day  
and night-shift workers 
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Irregular sleep/wake rhythm
Individuals with irregular sleep/wake rhythm experi-
ence disorganized and variable rest and wake times, 
sleeping multiple times throughout the day and night. 
This disorder is diagnosed in 12% of patients with an 
intrinsic CRSD and occurs most frequently in the neu-
rologically impaired who have damage to the SCN.23,30 
In addition, older age is associated with irregular sleep/
wake rhythm due to the increasing prevalence of neuro-
logic conditions such as dementia.30


Extrinsic circadian rhythm  
sleep disorders


Jet lag disorder
The circadian clock cannot adjust quickly enough to ac-
commodate long-distance travel across multiple time 
zones, often leading to jet lag disorder. Symptoms of jet 
lag disorder include difficulty in initiating or maintain-
ing sleep, excessive sleepiness, and gastrointestinal dis-
turbances, as the body struggles to accommodate sud-
den shifts in the timing of activities relative to internal 
circadian rhythms.21 Because environmental cues at the 
flight destination support phase adaptation of the circa-
dian clock to local time, symptoms of jet lag disorder are 
usually transitory; however, objective measurements of 
hormone levels, sleep architecture, and body tempera-
ture have indicated that a complete phase shift after a 
long-haul flight can take up to 2 weeks.36 


The characteristics and severity of jet lag disorder 
are largely dependent on the direction of travel and the 
number of time zones crossed.37 Westward travel is more 
easily accommodated by the circadian system, as it al-
lows the passenger to delay the onset of sleep instead of 
advancing sleep times, as required when traveling east. 
This occurs because  the human circadian system runs at 
an internal period (tau) of slightly longer than 24 hours, 
a period that is conducive to phase delays in circadian 
timing.3 Older age and individual vulnerability to phase 
shifts also affect sensitivity to jet lag disorder.37,38


Shift-work disorder
SWD is an extrinsic circadian rhythm sleep disorder with 
far-reaching implications in terms of associated mor-
bidity, occupational and traffic accidents, and reduced 
work productivity (see “The social and economic burden 
of shift-work disorder” on page S3 of this supplement).39 


SWD occurs when an individual’s occupation requires 
that he or she function at times that are in opposition to 
the body’s normal circadian-controlled periods of sleep 


and wake. Most individuals will experience some de-
gree of difficulty in attempting to work at unusual times 
within the 24-hour day, and current diagnostic criteria 
do not clearly differentiate this group from individuals 
who have a pathologic response to shift work and de-
velop SWD.37 Broadly, workers with SWD can be de-
fined as those experiencing persistent insomnia when 
trying to sleep and/or excessive sleepiness when trying 
to remain awake. Sleep in patients with SWD is typically 
fragmented, with frequent awakenings during the day-
time rest period. Although appropriate scheduling of 
light exposure can improve circadian adaptation, even 
permanent night workers find it difficult to adapt their 


Table 1  Circadian rhythm sleep disorders 
(CRSDs) recognized in the ICSD-221


Intrinsic Extrinsic


Delayed sleep-phase 
disorder
Advanced sleep-phase 
disorder
Free-running disorder 
(non–24-hour sleep/wake 
syndrome)
Irregular sleep/wake 
rhythm


•


•


•


•


Shift-work disorder
Jet lag disorder


•
•


ICSD–2, International Classification of Sleep Disorders, 2nd edition.


The ICSD–2 also recognizes CRSDs that are secondary to medical 
conditions and drug or substance abuse as well as CRSDs that are not 
otherwise specified.


Table 2  Innate factors that may trigger shift-
work disorder


Factor Supporting evidence


Predisposition to 
developing insomnia


An increased chance of developing 
insomnia has been shown to have a 
heritable component; this vulnera-
bility to insomnia is then unmasked 
by sleep challenges such as shift 
work.42-44


Genetic vulnerability 
to sleep-loss induced 
performance 
decrement


Reductions in waking performance 
as a result of sleep loss vary in 
healthy individuals with different 
polymorphisms of the hPer3 gene.45


Circadian variation Genetic polymorphisms result  
in individual morningness or 
eveningness preferences; morning- 
type individuals are more likely to 
develop SWD.15,16 Wide intersubject 
variation has been reported in the 
expression of genes related to the 
circadian system after a simulated 
night shift.46


SWD, shift-work disorder.
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internal circadian rhythms to the timing of their new 
sleep/wake schedule.40 


Accumulated sleep loss over successive nights as 
a result of shift work creates a growing sleep debt that 
increases the homeostatic sleep drive.41 Over a series 
of night shifts, the natural circadian drive for sleep dur-
ing the night interacts with this increasing sleep debt 
(FIGURE 2B), resulting in further exacerbation of exces-
sive sleepiness, impaired work performance, and in-
creased risk of accidents in individuals with SWD.19 
Thus, both sleep loss as well as circadian pressure for 
sleep independently contribute to excessive sleepiness 
in patients with SWD. 


Although a change in sleep/wake relative to circa-
dian timing can trigger SWD, not all shift workers de-
velop this CRSD. The high degree of variation between 
individuals in terms of the severity of symptoms associ-
ated with shift work is a complex issue that has not yet 
been fully elucidated. However, it seems likely that there 
are a number of innate factors that may increase an in-
dividual’s susceptibility to SWD, including vulnerability 
to insomnia, sensitivity to sleep loss, or variation within 
the circadian system (TABLE 2).15,16,42-46


Studies of melatonin rhythms in night-shift workers 
have shown that many workers do not completely adapt 
their circadian rhythms to their new pattern of sleep and 
wake47,48 (FIGURE 3). This may be due to an inherent inabil-
ity to adapt their circadian rhythms or due to behaviors 


that preclude adaptation. A recent study has shown that 
a significantly greater (P < .0001) number of shift-intoler-
ant vs shift-tolerant workers have a circadian period that 
is longer or shorter than 24 hours, indicative of circadian 
desynchronization and an inability to adapt to their new 
work schedule.49 In addition, adaptation cannot occur in 
night-shift workers who persistently revert to a night-time 
sleep schedule on their days off and who, therefore, do 
not experience consistent circadian sleep/wake align-
ment with the light/dark cycle. Night-shift workers who 
do not adapt to their new shift schedule have been re-
ported to experience reduced sleep during the daytime, 
putting them at increased risk of developing SWD com-
pared with colleagues who demonstrated a rapid phase 
shift to accommodate their new work schedule.50


The presence of noise in the home, poor sleep hy-
giene, and social obligations may make it difficult for 
some shift workers to obtain a sufficient amount of sleep. 
In these instances, it may be that shift work is incompati-
ble with the patient’s lifestyle, resulting in behaviorally in-
duced insufficient sleep syndrome. In patients with SWD, 
however, insomnia and/or excessive sleepiness persist 
despite attempts to fully accommodate the altered work 
schedule.


Summary
The mammalian circadian clock is complex and is re-
sponsible for ensuring the rhythmic nature of numer-
ous behaviors and processes. In recent years, there have 
been frequent and impressive advances in our under-
standing of the structure and properties of the mam-
malian central circadian oscillator—the SCN—and the 
molecular machinery that it controls.


Of the 6 main CRSDs recognized by the Interna-
tional Classification of Sleep Disorders (TABLE 1),21 4 are 
due to intrinsic problems with the circadian pacemaker, 
caused by damage to the SCN, maturational changes, 
lack of appropriate entrainment, or genetically inher-
ited traits. The 2 remaining CRSDs—jet lag disorder and 
SWD—are triggered by behavioral changes, as they oc-
cur as a direct result of human activity, ie, long-distance 
air travel in a short time and working outside usual 
hours, respectively. However, not everyone develops jet 
lag disorder or SWD under these conditions, and the in-
terindividual variation in susceptibility to intrinsic and 
extrinsic CRSDs is an area of ongoing research.


In a round-the-clock, global society, shift-working 
individuals perform vital tasks, so it is imperative to find 
simple ways to diagnose and treat SWD. The following 
articles discuss how this may be achieved.  n


Lines indicate nocturnal melatonin elevation (onset, offset, and duration) and 
diamonds represent the peak of the rhythm (acrophase) in individuals. 


Reprinted with the permission of the American Physiological Society from 
the American Journal of Physiology: Regulatory, Integrative and Comparative 
Physiology by Roden M, et al, 265, 1993. Permission conveyed through the 
Copyright Clearance Center, Inc.47


 Figure 3	 Blood plasma levels of melatonin in 
individual shift workers and control subjects
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Shift-work disorder (SWD) is experienced by indi-
viduals whose work schedule overlaps with the nor-
mal sleep period, causing misalignment between the 


body’s endogenous circadian clock and the time at which 
the worker is able to rest. The International Classification 
of Sleep Disorders, 2nd edition (ICSD-2) defines SWD as the 
presence of excessive sleepiness (ES) and/or insomnia for 
at least 1 month, in association with a shift-work schedule.1  
	 This classification results in the shift-work population be-
ing separated into 3 distinct groups: those who have no im-
pairment; those who have impairment but do not meet the 
ICSD-2 criteria for the diagnosis of SWD; and those who have 
SWD. Individuals in the last 2 groups are less likely to be able 
to meet the demands of shift work and, therefore, often return 
to non–shift-work schedules or retire from the workforce. This 
creates a “healthy worker effect,” whereby workers remaining 
on night- or rotating-shift patterns are the best suited for this 
type of work.2,3 However, retirement or changes to shift-work 
schedules are not an option for many workers, and patients 
with SWD must be recognized and treated in order to pre-
serve their health and livelihood.


This article aims to characterize the symptoms and risk 
factors associated with SWD, with a view to assisting primary 
care physicians in the diagnosis and recognition of this con-
sistently underrecognized sleep/wake disorder.4


Symptoms of SWD
Insomnia and ES (drowsiness and a propensity to sleep) are 
the defining symptoms of SWD and can result in fatigue (wea-
riness and depleted energy), difficulty concentrating, reduced 
work performance, headache, irritability or depressed mood, 
and feeling unrefreshed after sleeping.4,5 The consequences of 
insomnia and ES may, therefore, also be useful warning signs 
for SWD, and patients presenting with one or more of these 
sequelae should be evaluated for risk factors for SWD and 
asked about their symptoms using the differential diagnosis 
described below and in the Figure.


Dr Schwartz reports that he serves as a consultant to 
and on the speakers bureaus of AstraZeneca, Boehringer 
Ingelheim Pharmaceuticals, Inc., Cephalon, Inc., Pfizer Inc, 
Sepracor Inc., Takeda Pharmaceuticals North America, Inc, 
and GlaxoSmithKline. 


Practice recommendations


y	�To recognize shift-work disorder (SWD), 
primary care physicians can screen for 
persistent excessive sleepiness (ES) 
and insomnia in patients who work 
night or rotating shifts (SOR: B).


y	�If SWD is suspected, a differential diagnosis 
should be generated, as ES and insomnia 
are commonly associated with other 
morbidities. Ask patients about symptoms of 
other common sleep/wake disorders, such 
as obstructive sleep apnea and periodic 
limb movement disorder (SOR: B).


y	�The Epworth Sleepiness Scale is a useful  
tool for subjectively evaluating ES (SOR: A).
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Risk factors for SWD
Vulnerability to SWD is dependent on certain predis-
posing and precipitating factors, including shift char-
acteristics, circadian preference, job satisfaction, and 
susceptibility to sleep disturbance (see “The charac-
terization and pathology of circadian rhythm sleep dis-
orders” on page S12 of this supplement). The effects of 
some physiological and lifestyle factors, such as age and 
gender, on an individual’s propensity to develop SWD 
have not been well quantified to date.


Shift type and pattern
Night-shift workers are reportedly most susceptible to 


SWD, with an estimated 32.1% of this group experiencing 
symptoms that meet the minimum diagnostic criteria for 
SWD compared with 26.1% of rotating-shift workers.6 A 
recent study by Waage and others7 found that 23.3% of oil 
rig swing-shift workers (2 weeks working 12-hour day/
night shifts followed by 4 weeks off) met ICSD-2 criteria 
for SWD. The relatively high prevalence of SWD in night-
shift workers is thought to be due to exposure to light 
during rest periods and dark during the hours when the 
workers are attempting to be most productive.6 Morning-
shift workers are more susceptible to SWD than evening-
shift workers, as delaying sleep appears to be more easily 
achieved than attempting to advance the rest period.8


 figure	 Questions to ask patients who present with insomnia and/or ES  
(as assessed by an ESS score ≥10) 


When sleeping, do you feel  
discomfort in your legs  


or jerk them involuntarily?


When sleeping, do you feel 
 discomfort in your legs  


or jerk them involuntarily?


Patients may have restless  
legs syndrome— 


Check serum ferritin and consider  
a trial of a dopamine agonist


Patient may have obstructive sleep 
apnea—Refer to a sleep specialist  


for polysomnography


Patient may have SWD—Review sleep 
hygiene and consider trial of therapy


Patient’s symptoms may be due  
to other causes eg, a mood disor-
der, stimulant or sedative medica-


tions, or substance abuse— 
Further assessment is required 


Patient does not have SWD but 
experiences impairment when 


working shifts—Suggest improve-
ments in sleep hygiene


Does your occupation require 
you to work shifts?


Do you have a dry, sore  
throat on waking?


Do you snore or  
experience episodes of  
choking during sleep?


Have your ES and/or insomnia  
persisted for ≥1 month?


Do you snore or  
experience episodes of  
choking during sleep?


Do you have a dry, sore  
throat on waking?


YES No


No NoYes Yes


No/Don't know Yes Yes No/Don't know


No Yes Yes No


No Yes


ES, excessive sleepiness; ESS, Epworth Sleepiness Scale; SWD, shift-work disorder. 


These questions aim to aid in differentiating between common sleep/wake disorders in shift-working patients who present with sleepiness or have trouble sleeping  
and should not be viewed as an exhaustive or definitive list of potential questions or potential diagnoses. 
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The timing of shifts and changes to the shift sched-
ule have been shown to significantly affect sleep, with 
individuals on rotating shifts experiencing the greatest 
detriments to their sleep quality.8 In one study, workers 
on rotating shifts experienced significantly more dif-
ficulty sleeping than those on a stable shift schedule: 
20.4% of rotating-shift workers reported a sleep latency 
>30 minutes vs 11.5% of fixed- or night-shift workers 
(P < .001).8 Furthermore, while rotating-shift workers 
experienced a similar frequency of disrupted nights’ 
sleep to that of other shift workers, they also reported 
a significantly higher number of night-time awakenings 
during each disrupted night’s sleep (P < .05). In addi-
tion, approximately one-third of rotating-shift workers 
reported experiencing ES compared with 19% of night- 
or other shift workers and 12% of daytime workers  
(P < .001). Therefore, it is probably not surprising that  
rotating-shift workers were absent from work signifi-
cantly more often than individuals on fixed day-shift 
schedules (62.8% vs 38.5%, respectively; P < .001) and 
had a significantly higher annual frequency of work-
related accidents (19.5%) than those on fixed daytime 
(8.8%) or night-time shifts (9.6%) (P < .001).8


Advancing the rest period is reportedly more diffi-
cult than delaying sleep and is thought to be responsible 
for making counterclockwise shift rotation a risk factor 
for maladaptation to shift-work conditions.9 Forward-
rotating shift patterns have long been considered more 
beneficial to workers than backward-rotating patterns.9 
A rapidly forward-rotating shift system has been shown 
to have positive effects on sleep, to reduce ES, and to 
improve overall perceptions of general well-being com-
pared with a slower backward-rotating shift pattern.10 
However, this study did not elucidate whether the new 
shift pattern reduced the negative effects of shift work to 
the level of those experienced by day workers.10 The for-
ward-rotating system was found to be particularly help-
ful to older workers, who experienced larger improve-
ments in ES compared with younger workers.10


Shift timing in relation to “zeitgebers”
Bright light is the strongest “zeitgeber”—a cue respon-
sible for the entrainment (synchronization) of the cir-
cadian clock. The body’s natural circadian rhythms, 
and therefore the likelihood of developing ES and/or 
insomnia, will persist as long as shift workers con-
tinue to expose themselves to light at times that are 
inappropriate for re-entrainment (for example, expo-
sure to light in the morning in night-shift workers).11,12 
One study found that workers who ensured that they 
slept in a darkened bedroom, wore dark glasses when  


commuting home, and avoided bright light on their 
days off were least affected by a night-shift schedule.13 
There is some evidence that shift workers respond to 
relative changes in light intensity over a 24-hour period 
rather than absolute light intensity, and bright light on 
the commute home in the morning from a night shift is 
enough to prevent re-entrainment of the circadian clock 
toward night working.13 Interestingly, any degree of re-
entrainment to the new rhythm is sufficient to confer 
significant benefits. Patients who either completely or 
partially re-entrained their circadian phase with respect 
to their night shift through the use of a fixed dark day-
time sleep episode, sunglasses, melatonin, and bright 
light at night experienced substantial benefits in ES, per-
formance, and mood (see “Managing the patient with 
shift-work disorder” on page S24 of this supplement).


Job satisfaction
Poor job satisfaction is associated with higher levels of 
ES in shift workers14,15 and may therefore predispose an 
individual to SWD. Workers on rapidly rotating shifts 
who had poor job satisfaction did not have shorter sleep 
times but were sleepier at work compared with their 
satisfied colleagues (P < .001) and had poorer quality of 
sleep.14 In a 3-year study, workers on a backward-rotat-
ing shift schedule who had poor job satisfaction had a 
higher likelihood of experiencing ES than individuals 
who were satisfied with their work (P = .026).15 In addi-
tion, ES significantly increased in dissatisfied workers 
(P < .05) over the duration of the study compared with 
workers who were content with their jobs.15


Individual physiological and lifestyle factors


Age. There is some disagreement in the literature as to 
the degree to which age affects adjustment to shift-work 
conditions, but the weight of current evidence suggests 
that advancing age is a risk factor for developing an in-
tolerance to shift work.2,3,16-19 Older individuals (ages 
53–59 years) appear to adapt better initially to acute 
sleep deprivation than younger individuals (ages 19–29 
years); however, older individuals show a reduced ca-
pacity for circadian adaptation when exposed to a series 
of night shifts.17 Thus, although younger individuals are 
initially sleepier in response to a new shift pattern, they 
are capable of rapidly adapting to these changes. After 
3 consecutive night shifts, younger workers were less 
sleepy than older workers17; therefore, older workers are 
more likely to experience impairment while working 
night shifts even if they do not meet all of the ICSD-2 
criteria for a diagnosis of SWD.
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Gender. Shift work may affect men and women differ-
ently. In a study of crane operators, women working 
night shifts or afternoon shifts slept approximately 30 
minutes less than their male counterparts,20 although 
this is unlikely to translate into an increased propen-
sity to develop SWD in women. However, less sleep in 
female shift workers may reflect differences in the fa-
milial and/or social obligations of the male and female 
members of this worker population. The tendency for 
female shift workers to sleep less also emphasizes that 
extrinsic factors, such as childcare requirements, may 
have an impact on sleep during a shift-work schedule 
even in the absence of any innate circadian issues.20 A 
more recent study found few gender-related differences 
in sleepiness and performance in workers on rapidly 
rotating shifts.14 More detailed epidemiologic data are 
needed before any firm conclusions can be drawn on 
the influence of gender in SWD; currently it does not 
appear that gender is a risk factor for SWD.


Circadian preference. It has been suggested that adults 
can be divided into “morning” or “evening” types21 and 
the Morningness–Eveningness Questionnaire (MEQ) 
can be used to assess into which category an individual 
falls.21 Morning-type individuals, or “larks,” are most alert 
early in the day and are thought to be more susceptible 
to SWD, as they obtain less sleep (on average 86.8 min-
utes fewer) after a night shift than evening-type workers, 
or “night owls.”22 However, use of the MEQ is unproven 
in the evaluation of SWD.23 Currently, there are no stud-
ies regarding whether there is a genetic component to 
SWD susceptibility19; however, a number of reports have 
indicated that a preference for “morningness” or “eve-
ningness” is genetically determined (see “The charac-
terization and pathology of circadian rhythm sleep dis-
orders” on page S12 of this supplement). In addition, an 
inherent vulnerability to insomnia or sensitivity to sleep 
loss may also lead to an innate susceptibility to SWD.


Lifestyle factors. A number of lifestyle factors and 
choices can cause ES and insomnia in shift workers. 
These include the presence of other people in the home 
who may disrupt the attempted rest period; social obli-
gations during the normal waking day that require the 
patient to be awake when he or she should be resting; 
patients attempting to sleep at “normal” times during 
days off and the weekend, thus lowering the chances of 
adapting to the shift-work pattern during the week; and 
deliberately staying awake or being unable to sleep dur-
ing transitions between shift patterns, leading to sleep 
deprivation. These factors should be discussed with the 


patient at presentation, with a view to improving sleep 
hygiene. Such factors may trigger SWD in patients who 
are predisposed to developing this sleep/wake disor-
der; addressing poor sleep habits in patients who do not 
have SWD may help resolve their sleep problems.


Shift work can prevent individuals from enjoying a 
healthy lifestyle, with lower levels of physical exercise 
and higher levels of smoking seen in shift workers com-
pared with non–shift workers.15,24 Poor diet and lack of 
exercise as a result of social constraints or coping mech-
anisms associated with shift work may lead to metabolic 
imbalance, which can exacerbate symptoms of ES and 
insomnia.24


Habits adopted to cope with shift work may actually 
exacerbate the problems associated with night- or rotat-
ing-work schedules. For example, consumption of caf-
feinated drinks to enhance wakefulness or napping at 
inappropriate times may worsen insomnia when trying 
to rest.25 Consumption of alcohol to induce sleep may 
increase ES during the next shift.25 Alcohol also interacts 
with certain shift characteristics to increase the risk of 
developing SWD and was found to be particularly detri-
mental to workers on a 3-shift rotation, with 51% vs 42% 
of regular alcohol consumers and nondrinkers experi-
encing insomnia, respectively. Although alcohol did 
exacerbate insomnia in the other shift workers studied, 
the effect was not as pronounced, with 48% of workers 
on a 2-shift rotation who consumed alcohol experienc-
ing insomnia compared with 46% of their nondrinking 
counterparts.24


Differential diagnosis of SWD  
in the primary care setting
The American Academy of Sleep Medicine notes that the 
boundary between a “normal” response and a patholog-
ic response to shift work is not clearly defined and that 
the validity and reproducibility of diagnostic criteria 
need testing.19 To add to the challenges inherent in de-
fining SWD, ES, insomnia, and a number of their sequel-
ae (see “Symptoms of SWD” on page S18 of this article) 
are also indicative of a variety of disorders other than 
SWD. For example, ES and/or insomnia are also symp-
toms of other sleep/wake disorders, sleep deprivation, 
pre-existing medical conditions (including mood disor-
ders and central nervous system issues such as narco-
lepsy and brain injury), the use of sedative or stimulant 
medications, and substance abuse. The discussion of a 
patient’s full medical history should assist in ruling out 
other potential causes for his or her symptoms, but it is 
also vital to generate a differential diagnosis to exclude 
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the other potentially causative conditions. (Examples 
of how mood disorders and other sleep/wake disorders 
can be differentiated from SWD appear below.)


Mood disorders and sleep/wake disorders often 
present in the primary care setting and can at first seem 
indistinguishable. For example, patients with ES as a re-
sult of a sleep/wake disorder may superficially appear 
to have depression, as a lack of energy, poor memory, 
reduced concentration, and a loss of interest in life 
are common features of both ES and mood disorders. 
In such instances, asking the patient about his or her 
sleep habits and the use of simple depression ques-
tionnaires such as the Patient Health Questionnaire-9 
(www.patient.co.uk/showdoc/40025272/) are vital to 
avoid misdiagnosis and prescription of inappropriate  
medication.


ES is also a symptom of the sleep/wake disorders 
obstructive sleep apnea (OSA) and restless legs syn-
drome (RLS), which are commonly reported in shift 
workers.26,27 Patients with OSA have poor quality sleep, 
as they experience repeated full or partial blockages of 
their airway, resulting in snoring and episodes of chok-
ing or gasping during sleep.28 Recurrent partial or com-
plete obstruction of the upper airway leads to repeated 
arousals and disturbed sleep, which can cause ES.29,30 


Night-shift work has been shown to aggravate OSA,31 
possibly due to the increased potential for weight gain 
and metabolic disturbance in this population24; over-
weight and metabolic syndrome are risk factors for and 
comorbidities associated with OSA.28 It is imperative 
that patients with suspected OSA are referred to a sleep 
specialist as well as counseled about appropriate thera-
pies and lifestyle changes.32 


RLS may develop in shift workers due to low serum 
iron levels induced by chronic sleep deprivation.33 Pa-
tients with symptoms of RLS should have their serum 
ferritin levels checked and, if found to be <50 mcg/mL, 
a trial of oral iron therapy may be of benefit.34 If serum 
ferritin is normal or symptoms of RLS persist, patients 
can be treated with a dopamine agonist such as prami-
pexole or ropinirole.34 If therapy with a dopamine ago-
nist is not successful, the patient should be referred 
to a sleep specialist for further treatment and given 
guidance regarding sleep hygiene. The Figure provides 
a suggested set of questions that could form the basis 
of a differential diagnosis of sleep/wake disorders in 
shift-working individuals presenting with symptoms of 
ES and/or insomnia.


Further assessment of patients  
with suspected SWD
Further assessment for SWD is advised if the patient 
works shifts, has been experiencing symptoms of ES 
and insomnia for ≥1 month, and does not have the signs 
and symptoms of other sleep/wake disorders. Recent 
practice parameters from the American Academy of 
Sleep Medicine recommend the use of a sleep diary for 
≥7 days to aid in the diagnosis of SWD and to rule out 
other sleep/wake disorders.19,23 At present, there are no 
standard sleep diaries, and many clinicians create their 
own so that patients can capture data on the quantity 
and quality of their sleep.


The Epworth Sleepiness Scale (ESS) is helpful in mea-
suring ES in the primary care setting.35 This brief ques-
tionnaire, which can take as little as 2 minutes to com-
plete, asks the patient about his or her chances of dozing 
in 8 sedentary situations, such as when reading a book 
or sitting in a meeting. A score of ≥10 out of a possible 24 
is indicative of clinically significant ES.35 However, as the 
situations described in the ESS are more oriented toward 
activities of day to day living, they may not be completely 
appropriate for the measurement of ES in a shift-work 
situation. Furthermore, the ESS is not validated in night- 
or rotating-shift workers. Nonetheless, the ESS is useful 
both as a screen for ES and for follow-up of therapy.


Because the diagnosis of SWD is based on patient his-
tory, it does not require confirmation with a sleep study. 
However, if the patient has symptoms suggestive of OSA 
or another sleep/wake disorder, then further evaluation, 
including a sleep study or polysomnogram, is warranted.


Summary
The difference between a “normal” and a pathologic re-
sponse to shift work is not clearly defined. As a result 
of this uncertainty, SWD is underrecognized, underdi-
agnosed, and underrepresented in published clinical 
studies. The main symptoms of SWD—ES and insom-
nia—are also characteristic of a number of other con-
ditions, including a variety of sleep/wake disorders. For 
this reason, exclusion of other potential causes of ES 
and insomnia is necessary before a firm diagnosis of 
SWD can be given. Further research is required to estab-
lish the physiologic basis of individuals’ vulnerability to 
SWD. Such studies would be helpful in identifying risk 
factors for SWD and delineating normal and pathologic 
responses to shift-work conditions.  n
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The goals of treatment for individuals with shift-work 
disorder (SWD) are to ensure sustained wakefulness 
when wakefulness is required and to facilitate restor-


ative sleep when sleep is required. Several nonpharmacologic 
interventions are available for the treatment of SWD, such as 
the improvement of sleep hygiene, exercise, and timed expo-
sure to light. Although these treatments are recommended as 
part of the Practice Parameter Guidelines for the Evaluation 
and Treatment of Circadian Rhythm Sleep Disorders from 
the American Academy of Sleep Medicine,1,2 most have been 
evaluated in shift workers generally, rather than specifically in 
those with SWD. However, the current definition of SWD re-
quires further validation, and while the delineation between 
workers who do not thrive under shift-work conditions and 
individuals who develop SWD remains indistinct, it is likely 
that literature specific to SWD will remain sparse.2  


Regardless, such nonpharmacologic interventions should 
be introduced for all individuals presenting with SWD. Pharma-
cotherapy may also be required. Two pharmacologic agents—
modafinil and its R-enantiomer armodafinil—have been 
evaluated specifically in patients with excessive sleepiness (ES) 
associated with SWD and are approved as wakefulness-promot-
ing agents for this indication by the US Food and Drug Adminis-
tration (FDA).


This article reviews appropriate management strategies 
and specific interventions—both nonpharmacologic and 
pharmacologic—that primary care physicians can offer to  
individuals diagnosed with SWD.


Addressing comorbid conditions
For the individual presenting with SWD, it is essential to iden-
tify and address any comorbid conditions that might contrib-
ute to poor sleep hygiene and/or cause ES or fatigue during 
required periods of wakefulness. Perhaps the most relevant 
comorbidities are other sleep disorders, such as obstructive 
sleep apnea (OSA), and mood disorders, such as depression. 
Referral to a sleep specialist may be necessary for individuals 


Dr Thorpy reports that he serves as a consultant 
to and on the speakers bureaus of Cephalon, Inc., 
and Jazz Pharmaceuticals, Inc. 


Practice recommendations


y	�Behavioral measures, eg, exercise and 
improved sleep hygiene, can enhance 
sleep quality and combat insomnia 
and excessive sleepiness (ES) in shift 
workers and individuals with shift-
work disorder (SWD) (SOR: B).


y	�Napping before a shift followed by 
consumption of a caffeinated drink and, if 
appropriate, scheduled naps at work, may 
improve ES in patients with SWD (SOR: C). 


y	�Use of bright light therapy to partially 
re-entrain the circadian clock should be 
explored for all night-shift workers—
particularly those with SWD (SOR: B).


y	�The wakefulness-promoting agents 
armodafinil and modafinil are FDA approved 
for the treatment of ES in patients with SWD. 
Alongside nonpharmacologic interventions, 
they can be included in a comprehensive 
management plan for SWD (SOR: A).


y	�Melatonin or other sleep-promoting 
agents may help shift workers achieve 
sleep during required rest periods and 
when adjusting to night-shift work; 
studies are needed in patients with SWD 
to better evaluate the utility of these 
agents in this population (SOR: C).


Managing the patient with  
shift-work disorder
Michael J. Thorpy, MD 
Director of the Sleep-Wake Disorders Center  
Montefiore Medical Center 
Bronx, New York
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with a suspected or confirmed comorbid 
sleep disorder (see “Recognition of shift-
work disorder in primary care” on page S18 
of this supplement). An algorithm for the 
management of SWD in the primary care 
setting, including steps to evaluate comor-
bid disorders, appears in Figure 1.


Nonpharmacologic  
interventions
A range of nonpharmacologic options have 
been evaluated to relieve the ES often re-
ported by shift workers. These interven-
tions include steps to improve sleep hy-
giene, scheduled nap times, exercise, and 
timed exposure to light. Although not all of 
these interventions have been specifically 
evaluated among individuals with SWD, 
such approaches may prove useful as part 
of a wider management program alongside 
pharmacotherapy.


Evaluating the work pattern
Certain shift patterns have been shown to 
be more detrimental than others in terms of 
their effects on performance.3 For example, 
Folkard and Tucker3 analyzed data from 7 
studies that evaluated the risk for incidents 
(including accidents and injuries) during successive 
night shifts. They found that the risk approximately dou-
bled with each shift worked, from ~6% during the second 
night shift to 17% during the third night shift and 36% 
during the fourth night shift (FIGURE 2). Additional studies 
evaluating the effects of >4 consecutive night shifts, which 
were not included in the analysis by Folkard and Tucker,3 
confirm the risk for decreased cognitive performance and 
increased severe ES.4,5 The observed marked increase in 
the risk for incidents during working hours suggests that 
working more than 4 consecutive 12-hour night shifts 
should be avoided. Individuals should also be counseled 
to avoid work shifts that are longer than 12 hours due to 
the risk accumulated on an hourly basis.3 Individuals on 
a rotating shift schedule should be encouraged to rotate 
their shifts in a clockwise rather than a counterclockwise  
manner (morning to evening to night shift as opposed to 
night to evening to morning shift) (FIGURE 3). It is easier to 
change the sleep/wake cycle to a clockwise shift rotation, 
as this follows the natural adaptive pattern of delaying 
the sleep period.6,7 However, a change of rotation direc-
tion does not eliminate the risks associated with SWD.


Reprinted from Occupational Medicine (London), Volume 53, Issue 2, Folkard 
S and Tucker P. Shift work, safety and productivity; pp 95–101, Copyright © 
2003, with permission from Oxford University Press.3


 Figure 2	 Risk for incidents during successive 
night shifts
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 figure 1	 Primary care management algorithm for the  
individual with shift-work disorder


Step 1: Evaluate


• �Review current  
sleep/wake patterns


• �Identify troublesome 
symptoms


• �Review flexibility of  
working conditions


Evaluate for  
comorbid sleep 


disorders


Refer for specialist care  
as appropriate


Evaluate for  
comorbid medical 


disorders


Refer for specialist care  
as appropriate


Evaluate for  
comorbid mood 


disorders


Initiate appropriate 
medication and/or 
counseling support


Step 2: Develop management strategy


Priority A
• Advise on sleep hygiene
• �Explore potential for changes to 


shift-work pattern
• �Explore potential for scheduled 


napping
• �Explore potential for simple bright 


light therapy


Priority B
• �Initiate a wakefulness-promoting 


agent
• �Consider use of sleep-promoting 


agents before the required sleep 
period


Step 3: Review effectiveness


Evaluate for changes in perceived 
sleepiness (eg, Epworth Sleepiness 
Scale), accidents/near misses at 
work or on the commute home


Refer for specialist care and further 
sleep/wake phase adjustment
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Improving sleep hygiene
Insomnia during periods when sleep is required is a 
key feature of SWD. When persistent, the chronic sleep 
debt such individuals incur may contribute to long-term 


health detriments, eg, cardiovascular disease and ongo-
ing ES, during periods when wakefulness is required. (See 
“The social and economic burden of shift-work disorder” 
on page S3 of this supplement.)


Advice on steps to improve sleep hygiene is relevant 
to all shift workers—including those with and those 
without SWD—and should be among the first steps in 
managing any individual presenting with sleep distur-
bances. Individuals should be advised on how to create 
an appropriate environment for sleep in terms of noise, 
temperature, and mental preparation for sleep (TABLE 1). 
They should also be encouraged to ensure a single 7- to 8-
hour sleep episode during a 24-hour period, as opposed 
to, for example, two 4-hour sleep periods.8,9 There is now 
good evidence to suggest that sleep fragmentation of this 
type can adversely affect sleep architecture (ie, the natu-
ral stages of sleep), which leads to an accumulated sleep 
debt.10 Incurring a sleep debt can exacerbate the negative 
effects of shift work on cognitive performance and may 
also aggravate any underlying sleep disorder by adding to 
the ES experienced during periods of wakefulness.


Exercise
Exercise has been shown to be helpful in promoting sleep 
onset and improving the perceived quality of sleep.11 Ex-
actly how exercise promotes sleep remains unclear, but 
the beneficial effects of exercise on mood and anxiety 
may contribute.11,12 In addition, exercise has been shown 
to facilitate phase shifting of the circadian system13 and 
thus may help in the adaptation process to shift work.14 
The most appropriate timing and type of exercise to sup-
port individuals with SWD remain to be defined, although 
there is no evidence to suggest that short bouts of exercise 
during a work period would be beneficial. In one study of 
12 volunteers undergoing a period of sleep deprivation, 
short bouts of exercise increased alertness for a short 
time, but this benefit was lost in less than an hour.15


Further research is needed to fully define the ben-
efits of exercise among individuals with SWD and to de-
fine the optimal timing and regimen to facilitate phase 
adaptation and reduce the symptom burden among this 
population. 


Scheduled naps
Several studies have indicated that scheduled napping 
for shift workers may be useful in relieving ES during 
work periods.16-22 The optimal duration and timing of 
such naps have yet to be defined, although one study 
suggested a longer nap during a night shift (120 min-
utes vs 60 minutes) was better in terms of sustaining  
cognitive performance in the early hours of the morning 


Table 1  Steps to achieve an appropriate  
environment for restorative sleep


Step Practical advice


Ensure the room is  
dark if sleep is required 
during daylight


•	�E nsure the room has  
sufficiently well-lined cur-
tains, or install black-out 
blinds on all windows


Ensure a constant  
temperature in the  
bedroom


•	�A im for a temperature of 
around 20°C (68°F)


•	�A void too many bedclothes


Reduce noise exposure 
before and during the 
required sleep period


•	�A void watching television 
or listening to loud music 
immediately before the 
required sleep period


•	�U se a room at the rear of the 
house if near a busy road


•	� Consider ear plugs if the 
ambient noise is intrusive


•	�P ut telephones on an 
answering machine


•	�A sk family members to be 
quiet


Avoid large meals,  
caffeine-containing 
drinks, smoking, and  
alcohol before the  
required sleep period


•	� Schedule meal times so that 
the main meal of the day is 
eaten during or before the 
work period


•	� Consider having a warm, 
milky drink before the  
required sleep period


 Figure 3	 Optimal and least beneficial shift  
rotation patterns
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and that sleep efficiency was greater when the nap was 
taken later in the work shift.18 Even short naps of <1 hour 
appeared to improve alertness among experienced night-
shift workers.21 Finally, napping before a night shift may 
also be beneficial in improving performance, particularly 
when combined with subsequent caffeine intake.22


No studies to date have evaluated napping in sub-
jects with SWD. Furthermore, introducing such an inter-
vention may not be practical for all individuals with SWD. 
Appropriate facilities may not be generally available in 
the workplace, and napping while “on duty” may be con-
sidered unprofessional or ethically unacceptable in some 
work settings. For example, concerns regarding continu-
ity of care for patients may impede the implementation of 
scheduled napping among health care workers.16


Additional studies evaluating the health, safety, and 
performance benefits of scheduled nap times for shift 
workers and among those with a diagnosis of SWD will 
be required if any cultural change to allow napping is to 
be achieved. 


Light exposure
The human endogenous circadian rhythm is closely 
linked to the external light/dark cycle; this interaction 
involves the receipt of daylight-stimulated nerve activ-
ity via the retinal ganglion and the retinohypothalamic 
tract and is controlled by the suprachiasmatic nuclei of 
the hypothalamus (see “The characterization and pa-
thology of circadian rhythm sleep disorders” on page 
S12 of this supplement).23 Consequently, bright light can 
incrementally reset (re-entrain) the innate sleep/wake 
cycle24,25 and can promote wakefulness by suppressing 
the production of the sleep-mediating hormone mela-
tonin.26,27 The interaction between light exposure and 
the endogenous circadian rhythm forms the basis for 
bright light therapy as a countermeasure for sleep dis-
turbance among night-shift workers.28


Evidence suggests that light therapy can entrain the 
circadian pacemaker to suit night-shift work and so can 
be used to support night-shift workers in adapting to their 


shift pattern.29,30 Bright light (~2500 lux vs normal lighting 
of ~150 lux) during the work period, combined with regu-
lar sleep periods in a darkened room between shifts, sig-
nificantly (P < .05) delayed the dim-light melatonin-onset 
response in 54 subjects undergoing a simulated night-shift 
work pattern, indicating a physiologic phase shift.31 Such 
partial re-entrainment improved performance, alertness, 
and mood during the work period among healthy adults.32 


A separate study, again using a simulated night-shift 
work pattern, suggested that brief (1-hour) bright light 
(~3000 lux) exposure combined with caffeine intake 
during a night shift maintained cognitive performance 
throughout the work period in 11 subjects, but that brief 
bright light exposure alone could, in fact, degrade per-
formance.33 Reducing light exposure on the commute 
home from work using sunglasses (or goggles) has been 
shown to assist with achieving sleep when the worker 
arrives home34,35 and to support the partial circadian re-
entrainment attained with bright light therapy.34,36


The optimal bright light exposure to facilitate partial 
re-entrainment of the circadian rhythm among night-
shift workers has yet to be established. The above stud-
ies used a variety of regimens, from constant bright light 
throughout the work period31 to intermittent delivery of 
bright light.32 A recent study has suggested that a com-
bination of afternoon/evening sleep (between 2 pm and 
10 pm) and phase-advancing light therapy (between 3 
am and 7 am) may be optimal for maintaining alertness 
in individuals undergoing a simulated night-shift (11 pm 
to 7 am) work pattern comprising 4 day and 3 night shifts 
over 10 days.37 However, none of these studies have been 
conducted specifically in patients with SWD. 


Reducing the effects of ES when commuting
ES is a well-established risk factor for motor vehicle ac-
cidents.38,39 The potential for motor vehicle accidents 
on the commute home from work is of considerable  
concern among shift workers, as they are at greater risk 
for such an event following a night shift.40-43 Individuals 
with SWD should be counseled to minimize their risk 


Table 2  Reducing the risk for motor vehicle accidents during the commute home
Steps to recommend To be avoided


Consider using a taxi service and/or car pooling, preferably with a 
driver who has not just completed a night shift


Consider taking a nap before driving home


Try to minimize the commute time, eg, move closer to the  
workplace


Consider using public transportation


If sleepy while driving, pull over at a rest stop and take a nap


•


•


•


•


•


Avoid traveling at high speeds on highways 


Do not rely on rolling down the window and turn-
ing up the radio—these actions will only relieve 
sleepiness very briefly


Do not continue to drive when feeling sleepy;  
pull over at a rest stop and take a nap


•


•


•
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for a motor vehicle accident during the commute home. 
Practical steps are summarized in TABLE 2.


Attention to diet
One study has suggested that attention to dietary com-
position may have an impact on alertness and perfor-
mance among individuals working night shifts in a 
hospital setting.44 The study suggested that a diet with 
a carbohydrate-to-protein ratio of around 3:1 is optimal 
in terms of benefits for both mood and psychometric 
performance. 


Pharmacologic interventions


Wakefulness-promoting agents
The wakefulness-promoting agents modafinil and ar-
modafinil (the R-enantiomer of modafinil) are currently 
the only agents specifically approved by the FDA for 
the treatment of ES associated with SWD. Approval of 
modafinil for this indication was based on the results 
of 2 controlled clinical trials (TABLE 3).45,46 Modafinil sig-
nificantly improved wakefulness, as measured using pa-
tient-reported diary data and changes on the Multiple 
Sleep Latency Test (P < .001 and P = .002, respectively) in 
those who had ES as a consequence of SWD.45 Attention 
was also significantly improved in the modafinil group 
compared with placebo (P < .001), and significantly 
fewer participants treated with modafinil reported ac-
cidents or near misses during the commute home than 
did those who received placebo (P < .001).45 Additional-
ly, modafinil significantly improved self-reports of func-
tioning (in terms of productivity and vigilance; P < .05) 
and quality of life (P < .05) in individuals with SWD.46 


In these 2 studies, headache was the most com-
monly reported adverse event, and nausea was the 
next most prominent adverse effect with modafinil. In 
the study by Czeisler and colleagues45 more modafinil-
treated patients experienced insomnia compared with 
the placebo group (6% vs 0%, respectively; P < .01).


Armodafinil has been shown to improve wakeful-
ness in individuals with ES associated with SWD in a 
controlled clinical trial (TABLE 3).47,48 This study showed 
armodafinil to be significantly better than placebo at 
improving wakefulness, reflected by a significantly pro-
longed sleep latency throughout the night among night-
shift workers with SWD (P < .0001). Compared with 
placebo, treatment with a single dose of armodafinil 
150 mg, 30 to 60 minutes before the start of the shift, sig-
nificantly reduced ES at work (P < .0001) and during the 
commute home (P = .0027) and did not adversely affect 


daytime sleep.47,48 As observed for modafinil, headache 
and nausea were the most common treatment-emer-
gent adverse events in patients with SWD who took part 
in these 2 studies.


To date, no studies have been performed that direct-
ly compare the efficacy of armodafinil and modafinil; 
however, the 2 wakefulness-promoting agents do have 
different pharmacokinetic profiles.49,50 Compared with 
modafinil, armodafinil takes longer to reach its peak 
plasma concentration and is present at higher concen-
trations for a longer period after administration, resulting 
in its wakefulness-promoting effects lasting throughout 
the day.49,50 The longer duration of armodafinil’s effects 
and its potential for once-daily dosing make it an appro-
priate and convenient choice for patients with SWD.


Stimulants
Stimulants, such as methamphetamine, have been 
shown to enhance wakefulness in individuals undergo-
ing simulated night-shift work.51,52 However, amphet-
amines can induce rebound insomnia and this, com-
bined with their adverse cardiovascular effects and their 
abuse potential, makes them less than ideal options for 
an often chronic condition such as SWD.53 Metham-
phetamine has not been evaluated as an intervention 
for individuals with a diagnosis of SWD and, although 
it is effective at improving performance and mood dur-
ing one or more night shifts after single doses, its useful-
ness in managing SWD on numerous sequential nights 
is questionable.


A number of studies among individuals undergoing 
simulated night-shift work suggest that caffeine may be 
useful to promote wakefulness during the work period, 
although there may be some residual effects on daytime 
sleep depending on the caffeine drink selected.54-56 One 
study suggested that low-dose repeated caffeine ad-
ministration may improve performance at the expense 
of increasing subjective ES during periods of extended 
wakefulness.57 As discussed above, caffeine in combi-
nation with other wakefulness-promoting strategies, 
including scheduled napping and bright light therapy, 
has proved to be a promising intervention under sim-
ulated shift-work conditions.22,23 However, the appro-
priate dose and timing of caffeine intake to optimize  
performance and mood during a night shift have not yet 
been determined. Higher caffeine doses may induce a 
state of hyperstimulation and can even be toxic.58 More-
over, habitual caffeine intake can lead to the develop-
ment of tolerance to its effects,59 abrogating the efficacy 
of caffeine intake in the long-term management of an 
often chronic condition such as SWD. To date, regular 
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Table 3  Improved wakefulness and reduced ES associated with FDA-approved wakefulness- 
promoting agents45-48


Citation Population Regimens


N (evaluable 
efficacy 


population) Key findings


Modafinil


Czeisler et al45 Adults (18-60 
years) with 
SWD working 
≥5 night 
shifts/month 
with ≥3 worked 
consecutively


Modafinil 200 mg


Placebo


Taken 30-60 minutes before 


the start of the work shift for 


12 weeks


89


104


Mean sleep latency change from 
baseline ± SD: 
– Modafinil: 1.7 ± 0.4 minutes 
– Placebo: 0.3 ± 0.3 minutes (P = .002)


Change from baseline in the median 
frequency of reported attention lapses: 
– Modafinil: Reduced by 2.6 
– Placebo: Increased by 3.8 (P < .001)


Reported accidents/near accidents while 
commuting home: 
– Modafinil: 29% 
– Placebo: 54% (P < .001)


•


•


•


Erman et al46 Adults (18-60 
years) with 
SWD working 
≥5 night 
shifts/month 
with ≥3 worked 
consecutively


Modafinil 200 mg


Modafinil 300 mg


Placebo


Taken 30-60 minutes before 


the start of the work shift for 


12 weeks


87


90


86


Modafinil 300 mg significantly improved 
overall patient functioning vs placebo as 
measured using the FOSQ: 
– ���������������������������������������     ���������������������������������������     Increase from baseline in FOSQ score: 


2.3 vs 1.6 points, respectively (P < .05)


Modafinil 200 mg and 300 mg both 
significantly improved quality of life vs 
placebo as measured using the SF-36 
mental health component score: 
– �����������������������������������������      �����������������������������������������      Mean change from baseline of 3.2, 3.7, 


and 0.7 points, respectively (P < .05 for 
both doses vs placebo)


•


•


Armodafinil


Drake et al,47 


Roth et al48


Adult 
permanent or 
rotating night-
shift workers 
with SWD 
working ≥5 
night shifts/
month


Armodafinil 150 mg 


Placebo


Taken 30-60 minutes before 


the start of the work shift for 


12 weeks


112


104


Mean sleep latency change from 
baseline: 
– Armodafinil: 3.1 ± 4.5 minutes 
– �����������������������������     �����������������������������     Placebo: 0.4 ± 2.9 minutes (P < .0001)


Reported ES levels on the KSS were 
significantly reduced with armodafinil vs 
placebo (P < .005).


Change in the maximum level of 
sleepiness (electronic diary data) 
– ������������������������������������������       D�����������������������������������������       uring the work shift: 2.0 vs 1.1 points,  
   respectively (P < .0001) 
– �������������������������������������      �������������������������������������      During the commute home: 1.2 vs 0.6 


points, respectively (P = .0027)


•


•


•


ES, excessive sleepiness; FOSQ, Functional Outcomes of Sleep Questionnaire; KSS, Karolinska Sleepiness Scale; SD, standard deviation; SF-36, Medical  
Outcomes Study Short-Form (36-item) Health Survey; SWD, shift-work disorder.
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Other pharmacologic options for SWD
Administration of the sleep-mediating hormone mela-
tonin can promote daytime sleep.60 However, while 
some studies have reported that melatonin is helpful 
for inducing daytime sleep in simulated and real-world 
shift-work conditions,61-64 others have failed to demon-
strate any objective or subjective benefit.65 Single doses 
of melatonin taken before the required sleep period in 
simulated shift-work studies of healthy subjects have 
been shown to decrease sleep latency and increase sleep 
duration.62 Melatonin may be most beneficial as part of 
a phase-advancing program to support individuals in 
adjusting to night-shift work rather than as a chronic 
therapy for SWD.61,63,64,66


Hypnosedatives, or sleep-promoting agents, taken 
before required sleep periods have also been evaluated 
in simulated shift-work conditions. Zolpidem, zopi-
clone, triazolam, and temazepam have all been shown 
to increase sleep duration during the day and to improve 
wakefulness during the night shift.52,67-70 Only zopiclone 
has been evaluated among shift workers.70 In a study of 
12 healthy male volunteers working 12-hour shifts, a sin-
gle dose of zopiclone 7.5 mg taken before the required 
sleep period significantly improved sleep at night, but 
this improvement did not reach statistical significance 
when the required sleep period was during the day. No 
studies of hypnosedatives have been conducted among 
individuals with SWD. The greater effect of hypnotics on 
night-time sleep suggests that they are less efficacious at 
improving disturbed sleep when given out of phase with 
the usual sleep period.


Summary
Although few interventions have been studied specifi-
cally among individuals with SWD, there are a range of 


practical steps that clinicians can offer to relieve its ad-
verse effects and to reduce a patient’s risk of experienc-
ing the potentially fatal consequences of this disorder.


Appropriate interventions include steps to improve 
sleep hygiene, and evaluation and appropriate referral 
for comorbid conditions, with particular emphasis on 
comorbid sleep disorders. Strategies to promote adap-
tation to the required sleep/wake cycle should also be 
implemented. These can include bright light therapy 
(before or during a night shift), reduction of exposure to 
daylight on the commute home from work, and/or med-
ication with melatonin before a required sleep period, 
or combinations thereof.32,34,36,66 These strategies have 
proved useful among shift workers in general, and fur-
ther investigation of such strategies would be valuable 
among those with SWD. Steps to improve shift schedules 
(eg, the use of clockwise-rotating shifts and avoiding 
shifts longer than 12 hours), and measures to improve 
shift-work conditions, such as bright light exposure and 
appropriately timed naps, may also be helpful.


The wakefulness-promoting agents modafinil and 
armodafinil are the only interventions with FDA approv-
al for use in patients with SWD  and have been evaluated 
specifically among individuals with ES associated with 
SWD. These agents have been proven to reduce ES dur-
ing the work period, with associated benefits in terms of 
a reduced incidence of accidents or near misses during 
the commute home. Initiation of wakefulness-promot-
ing therapy should be considered early in the manage-
ment of individuals with SWD. 


Future research should focus on the potential of in-
terventions known to promote wakefulness or sleep spe-
cifically among individuals with SWD. In the meantime, 
clinicians caring for individuals with SWD should de-
velop individualized management strategies that incor-
porate both nonpharmacologic interventions and phar-
macologic therapies, such as a wakefulness-promoting 
agent before the work period with or without a sleep-
promoting agent before the required sleep period.  n
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Abstract


OBJECTIVE: To assess the effect of armodafinil, 150 mg, on the physiologic propensity for sleep and cognitive performance during usual night shift hours in patients with excessive sleepiness associated with chronic (≥3 months) shift work disorder (SWD) of moderate or greater 
severity.


PATIENTS AND METHODS: This 12-week, randomized controlled study was conducted at 42 sleep research facilities in North America from April 2 through December 23, 2004, and enrolled 254 permanent or rotating night shift workers with SWD. Entry criteria included excessive 
sleepiness during usual night shifts for 3 months or longer (corroborated by mean sleep latency of ≤6 minutes on a Multiple Sleep Latency Test), insomnia (sleep efficiency ≤87.5% during daytime sleep), and SWD that was judged clinically to be of moderate or greater severity. 
Patients received armodafinil, 150 mg, or placebo 30 to 60 minutes before each night shift. Physiologic sleep propensity during night shift hours, clinical impression of severity, patient-reported sleepiness, and cognitive function were assessed during laboratory night shifts at weeks 
4, 8, and 12.


RESULTS: Armodafinil significantly improved mean (SD) sleep latency from 2.3 (1.6) minutes at baseline to 5.3 (5.0) minutes at final visit, compared with a change from 2.4 (1.6) minutes to 2.8 (2.9) minutes in the placebo group (P<.001). Clinical condition ratings improved in more 
patients receiving armodafinil (79%) vs placebo (59%) (P=.001). As reported by patients' diaries, armodafinil significantly reduced sleepiness during laboratory nights (P<.001), night shifts at work (P<.001), and the commute home (P=.003). Armodafinil improved performance on 
standardized memory (P<.001) and attention (power, P=.001; continuity, P<.001) tests compared with placebo. Armodafinil was well tolerated and did not affect daytime sleep, as measured by polysomnography.


CONCLUSION: In patients with excessive sleepiness associated with chronic SWD of moderate or greater severity, armodafinil significantly improved wakefulness during scheduled night work, raising mean nighttime sleep latency above the level considered to indicate severe 
sleepiness during the daytime. Armodafinil also significantly improved measures of overall clinical condition, long-term memory, and attention.


Trial Registration: clinicaltrials.gov Identifier: NCT00080288
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CDR = Cognitive Drug Research; CGI-C = Clinical Global Impressions of Change; CGI-S = Clinical Global Impressions of Severity of Illness; KSS = Karolinska Sleepiness Scale; MSLT = 
Multiple Sleep Latency Test; nCPAP = nasal continuous positive airway pressure; OSA = obstructive sleep apnea; SWD = shift work disorder


Approximately 15% of employed adults in the United States work during nighttime hours.1 Night work induces a misalignment between the sleep-wake schedule and sleep and wake propensity that is controlled by the hypothalamic circadian pacemaker.2,3 In most people who work 


and/or commute during the night and early morning, circadian misalignment results in impaired wakefulness while working or commuting and, despite prior sleep deprivation, insomnia during daytime sleep.2,4-6 These are the symptoms of shift work disorder (SWD).7,8 In the 


recently revised International Classification of Sleep Disorders: Diagnostic and Coding Manual,7 the American Academy of Sleep Medicine changed the name of the condition formerly known as shift work sleep disorder to “circadian rhythm sleep 
disorder, shift work type (shift work disorder).” The patients in the current study meet the criteria of what is now called shift work disorder.


For editorial comment, see page 955


The most severely affected individuals may report falling asleep while working or commuting. In fact, one-third of night workers admit to regularly nodding off or falling asleep at least once per week while working, and half admit to falling asleep while commuting.9 Mitler et al10 


reported that 56% of professional truck drivers experienced episodes of drowsy driving, 80% of which occurred during night driving. Moreover, 54% of the drowsy driving episodes involved just 10% of the drivers.10 A recent study of 2570 working adults found that 44.8% of night 


shift workers and 35.8% of rotating shift workers reported excessive sleepiness (ie, an Epworth Sleepiness Scale score of ≥10), and 18.5% of night shift workers and 15.7% of rotating shift workers reported moderate to severe insomnia during daytime sleep.4


Shift work can impair individuals' health status, occupational performance, and social well-being.1,11-13 These impairments appear to be greatest among those meeting diagnostic criteria for SWD. Patients with SWD are also at greater risk of cardiovascular disease, ulcers, 


depression, sleepiness-related accidents, and absenteeism compared with shift workers without SWD.4 Excessive sleepiness associated with SWD has been shown to have other effects, including impairments in cognition and psychomotor performance, which in turn may 
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contribute to increased accidents during work and motor vehicle crashes during the morning commute.4,14,15


A randomized controlled study showed that the wakefulness-promoting agent modafinil (200 mg) improves wakefulness and the ability to sustain attention in patients with SWD.16 Despite the drug's 15-hour half-life, these effects were not sustained vs placebo throughout the entire 


night.16 Modafinil is a racemic compound that contains equal amounts of 2 enantiomers with different terminal half-lives: R-modafinil (armodafinil) is eliminated more slowly than S-modafinil and has a half-life of approximately 15 hours compared with a half-life of approximately 3 to 


4 hours for S-modafinil. Preliminary data in healthy volunteers revealed that armodafinil, 200 mg, enabled individuals to sustain wakefulness and neurobehavioral performance more effectively in the final third of a simulated night shift compared with modafinil, 200 mg.17 We 


anticipated that elevated plasma concentrations of armodafinil later in the overnight shift and on the commute home would benefit patients with SWD because they are substantially impaired at those times.16 The current study assessed the efficacy and safety of armodafinil in 
patients with excessive sleepiness associated with chronic SWD of moderate or greater severity.


●      Other Sections▼


PATIENTS AND METHODS


This 12-week, randomized, double-blind, placebo-controlled, parallel-group, multicenter study was conducted with a common protocol at 42 centers in the United States (37) and Canada (5) from April 2 through December 23, 2004 (a center in Australia planned to but did not enroll 
any patients), in compliance with the International Conference on Harmonization's Good Clinical Practice Consolidated Guidance. An independent ethics committee or institutional review board at each center approved the protocol.


Patients participated in a screening visit, during which the Clinical Global Impressions of Severity of Illness (CGI-S) scale18 was completed and electronic diaries were dispensed. After a sequence of 3 or more consecutive night shifts, patients returned for an overnight sleep 
laboratory night shift to undergo baseline assessments and daytime polysomnography. Patients who met inclusion and exclusion criteria received study medication or placebo at a subsequent randomization visit. After this, patients were evaluated at weeks 4, 8, and 12 during an 
overnight laboratory night shift scheduled immediately after a sequence of 3 or more consecutive work night shifts.


Men and women between the ages of 18 and 65 years who worked 5 or more night shifts per month (each shift ≤12 hours, with ≥6 hours worked between 10 pm and 8 am and with ≥3 shifts occurring on consecutive nights) and planned to maintain this schedule for the duration of 


the treatment were screened for inclusion. Only individuals who exhibited signs and symptoms of SWD of moderate or greater severity, as documented by a CGI-S rating of 4 or higher18 for sleepiness on work nights, including the commute to and from work, were enrolled in the 


study. During screening, patients were assessed for SWD according to the International Classification of Sleep Disorders criteria.7 Inclusion criteria included a diagnosis of SWD according to the International Classification of Sleep Disorders; a complaint of 
chronic (≥3 months) excessive sleepiness during night shifts, which was corroborated by a mean sleep latency of 6 minutes or less on a nighttime Multiple Sleep Latency Test (MSLT); and insomnia, as indicated by daytime sleep efficiency of 87.5% or less (determined by 8-hour 


polysomnography). Patients with a history of substance abuse or medical or psychiatric disorders8 that could account for excessive sleepiness during the night shift were excluded, as were patients with any disorder that might interfere with drug pharmacokinetics or a known 
sensitivity to stimulants or modafinil. Female patients of childbearing potential were required to have a negative serum pregnancy test result at screening and to use a medically accepted method of birth control. Steroidal contraceptives had to be used in combination with a barrier 
method. Patients who consumed on average more than 600 mg/d of caffeine during the 7 days preceding the baseline visit were excluded from the study. In addition, patients were excluded if they took prescription drugs disallowed by the protocol or consumed clinically important 
amounts of nonprescription drugs within 7 days of the screening visit. Before study enrollment, all patients gave written informed consent.


Study participants were randomly assigned (1:1) to receive armodafinil, 150 mg (Cephalon Inc, Frazer, PA), formulated as 50-mg tablets or matching placebo 30 to 60 minutes before each night shift and no later than 11 pm. The study sponsor generated and maintained the 
randomization code, and all clinical personnel from the sponsor, investigators, and patients remained blinded to the identity of the study drug for the duration of the study. A central interactive voice response system for the randomization process ensured an overall balance among 
treatment groups within each country.


Patients received a dose of 50 mg on the first night, 100 mg on the second and third nights, and 150 mg on all subsequent nights. Patients took study medication only on nights when they worked the night shift or attended the sleep laboratory. During laboratory night shifts, study 
medication was administered at 10 pm (±30 minutes). The investigator reviewed patient diaries, work schedules, and drug accountability records for compliance at all postbaseline visits.


Efficacy Measures


Sleep propensity during laboratory night shifts was evaluated electrophysiologically using 20-minute MSLT19 sessions at midnight and at 2, 4, 6, and 8 am. Sleep latency was measured as the time from lights out to the first 30-second epoch scored as sleep according to standard 


criteria.20 If a patient fell asleep during the session, he or she was awakened and kept awake while remaining in bed for the remainder of the 20 minutes. If a patient did not fall asleep during the session, the test was terminated and sleep latency recorded as 20 minutes. The MSLT 


scoring was conducted blind to study condition at a central scoring site by 1 of 4 trained registered polysomnographic technologists (supervised by J.K.W.) according to standard criteria for research studies.21 All recordings for which mean sleep latency was distinct (61%) were 
scored by 1 technologist; the remainder were evaluated by 2 scorers. If mean latency differed by 1 minute or more between those 2 scorers, the assessment of a third technologist resolved the difference.


Investigators used the Clinical Global Impressions of Change (CGI-C) scale18 to assess changes from baseline in symptom severity during the night shift and the commute (established using the investigator-rated CGI-S) according to 7 categories ranging from “very much 


improved” to “very much worse.” Patient-estimated sleepiness was evaluated using the Karolinska Sleepiness Scale (KSS).22 Patients completed the KSS before every MSLT session. Patients completed daily electronic diaries that contained questions related to sleepiness and 
sleep, mistakes or accidents, and caffeine use during the night shift and the commute home, as well as questions concerning sleep on the days after night shifts. The diaries were reviewed monthly.


The computerized Cognitive Drug Research (CDR) system23-25 was administered at 12:30, 2:30, 4:30, 6:30, and 8:30 am of each laboratory night shift. The CDR battery included tests of memory (eg, numeric working memory test, word recognition test, immediate word recall test, 
delayed word recall test, and picture recognition test) and attention (eg, simple reaction time test, choice reaction time test, and digit vigilance task). Composite factors derived from the CDR included quality of episodic secondary memory (ability to encode, store, and retrieve verbal 
and pictorial information of an episodic nature), speed of memory (time required to retrieve information from episodic and working memory), power of attention (ability to focus attention), and continuity of attention (ability to sustain attention). Cognitive Drug Research Ltd was 
contracted to provide the CDR computerized assessment system to conduct the psychomotor and cognitive tests for this study. The CDR computerized system was delivered to each site, and the site staff were trained by qualified personnel. All data were captured electronically, 
except word recall, for which the patients wrote the words on recall sheets. The electronic data and recall sheets were returned to CDR Ltd, where the data were processed using validated procedures by qualified personnel (supervised by K.A.W.). After processing the data, CDR 
Ltd completed a quality assurance procedure on the dataset and transferred it to the study sponsor.


Safety and Adverse Effect Assessments


Adverse events were monitored throughout the study. Clinical laboratory tests, vital sign measurements, and 12-lead electrocardiography were conducted at screening, baseline, and the 4-, 8-, and 12-week visits. Vital signs were measured at approximately 3 and 11 hours after 
dosing at each laboratory visit, as well as at 6:15 pm after the daytime polysomnography at baseline and the final visit (approximately 20 hours after the dose). Electrocardiography was conducted at approximately 3 hours after dosing. Physical examinations were conducted at 
screening, baseline, and the final visit.
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Daytime polysomnography was conducted for 8 hours starting at 10:15 am during the baseline screening and final laboratory night shifts to assess the effect of armodafinil on daytime sleep. Patients were scheduled to sleep in a dark, sound-attenuated, temperature-controlled room 


and were instructed to remain in bed even if they awakened before the end of the scheduled sleep episode. Sleep was scored according to standard criteria20 at the Henry Ford Hospital Sleep Disorders and Research Center. The scorers were all trained on the Rechtschaffen and 
Kales scoring system (supervised by T.R.). All potential scorers were required to score a series of standardized polysomnograms. The standardized polysomnograms that were used for determining scorer qualification had been staged by a consensus scoring of 3 sleep specialists 
accredited by the American Board of Sleep Medicine. Scorers were not qualified to score polysomnograms for this study until they obtained a 90% epoch-by-epoch agreement between their scoring and the consensus scoring on 3 consecutive standardized polysomnograms. 
During the study, all recordings were scored blind as to the study, site, treatment condition, and study night. Ten percent of these polysomnograms were selected to be scored a second time as a reliability check. Scorers performing the reliability checks were not aware that this 
was a reliability check (ie, it was presented as another study polysomnogram). These records were selected on a quasi-random basis. That is, records were selected randomly with the constraints that the number of records from each site be proportional to their enrollment of 
individuals into the study and that an equal number of records be selected from each treatment condition. Sixty-seven records were scored as a quality check. On the basis of epoch-by-epoch scoring of wake; sleep stages 1, 2, 3, and 4; and rapid eye movement; a percent 
agreement of epoch-by-epoch scoring was obtained. The mean percent agreement was 89.6%, with a range of 81.6% to 95.6%. Diary data related to the effect of study medication on daytime sleep were reviewed monthly.


Statistical Analyses


Sample size estimates were based on the results of data from previous clinical studies with armodafinil and modafinil. This analysis showed that a sample size of 108 patients per treatment arm would provide 85% power to detect a 1.5-minute difference in mean sleep latency on 
the MSLT between the armodafinil, 150 mg, group and the placebo group, assuming a common SD of 3.65 minutes. This sample size would have at least 90% power to detect a difference of 25% in the proportion of patients reporting at least minimal improvement in the CGI-C 
ratings between the armodafinil group and the placebo group, assuming a 37% rate in the placebo group. The planned enrollment was approximately 250 patients to ensure that 216 had at least 1 postbaseline MSLT assessment.


Demographic and baseline characteristics were summarized using descriptive statistics. Between-group comparisons of continuous demographic variables were conducted using analysis of variance with treatment group as a factor. Categorical variables were compared using the 
Pearson χ2 test or Fisher exact test.


The prespecified primary hypothesis was that armodafinil would increase mean sleep latency and improve the overall clinical condition in patients with excessive sleepiness associated with SWD. Two primary efficacy analyses were prespecified to test this hypothesis. The first was 
the change from baseline to final visit (12-week or last postbaseline measurement) in overall mean sleep latency (averaged across the last 4 nighttime sessions at 2, 4, 6, and 8 am) compared with placebo as assessed by the MSLT. The second was the proportion of patients who 
showed at least minimal improvement in the CGI-C rating for overall clinical condition during the night shift and commute to and from work at the final visit (12-week or last postbaseline measurement) compared with placebo.


Safety analyses were conducted using data from randomized patients who received at least 1 dose of study medication or placebo. Efficacy analyses were performed on data from randomized patients who had received at least 1 dose of study medication or placebo and had a 
baseline and at least 1 postbaseline assessment on the MSLT and CGI-C. Analyses of all efficacy variables at weeks 4, 8, and 12 used observed cases, and the final visit analyses were performed using the last postbaseline observation carried forward.


To analyze the KSS scores, data from the 4 tests associated with the MSLT naps at 2, 4, 6, and 8 am were averaged; and to analyze factor scores on memory and attention from CDR data, tests at 2:30, 4:30, 6:30, and 8:30 am were averaged. Mean sleep latency, mean KSS 
score, and CDR factor and component scores were assessed using analysis of variance with treatment group and country as factors. The CGI-C data were analyzed using a Cochran-Mantel-Haenszel χ2 statistic, adjusted for country. All tests of significance were 2-tailed, and 
the .05 level of significance was used.


Diary data were summarized using descriptive statistics. The comparison of treatment groups for the data from electronic diaries and polysomnographic recordings was performed using the Wilcoxon rank sum test. Safety data, as well as diary data related to the effect of study 
medication on daytime sleep, were summarized using descriptive statistics.


●      Other Sections▼


RESULTS


Of the 747 adults screened, 254 met entry criteria. Of these, 245 (96%) received at least 1 dose of study medication and were included in the safety analysis (Figure 1 ). At baseline, the 
armodafinil and placebo groups were similar in demographic variables and illness severity ratings (Table 1). Overall, 138 (56%) of 245 patients were rated by the investigator as moderately ill, and 107 (44%) of 245 patients were rated as markedly, severely, or extremely ill. Most 
patients (212/245; 87%) were permanent night shift workers. The largest area of industry represented was health care and social assistance, which accounted for 98 (40%) of 245 patients in the safety population.
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FIGURE 1.


Patient disposition. Screened patients include patients referred from central advertising, investigators' advertising effort, and investigators' patients. Reasons patients were not randomized include the following: sleep efficiency of more 


than 87.5%, (more ...)


TABLE 1.


Baseline Characteristics of Patients Diagnosed as Having Shift Work Disorder Who Received 150 mg of Armodafinil or Placebo


The mean (SD) number of nights that patients received study medication was 42.4 (19.3) for the armodafinil group and 39.2 (18.2) for the placebo group. Sixty-eight (28%) of 245 patients withdrew from the study (30 in the armodafinil group and 38 in the placebo group). Reasons 
for discontinuing were adverse events (7 in the armodafinil group and 4 in the placebo group), consent withdrawn (3 in the armodafinil group and 16 in the placebo group), loss to follow-up (3 in the armodafinil group and 5 in the placebo group), nonadherence with study procedures 
(6 in the armodafinil group and 2 in the placebo group), and other (11 in the armodafinil group and 11 in the placebo group). No patients discontinued participation because of lack of efficacy.


The efficacy analysis included 216 (85%) of 254 patients. Patients were severely sleepy at baseline, with mean (SD) sleep latencies on the MSLT of 2.3 (1.6) minutes for the armodafinil group and 2.4 (1.6) minutes for the placebo group. For patients' own estimates of their 
sleepiness at baseline, the mean (SD) KSS score was 7.4 (1.4) in the armodafinil group and 7.3 (1.3) in the placebo group, and 97 (87%) of 112 patients in the armodafinil group and 87 (84%) of 104 in the placebo group had a KSS score of 6 or higher.


Primary Efficacy Measures


Armodafinil improved mean (SD) nighttime sleep latency (2-8 am) by 3.1 (4.5) minutes to 5.3 (5.0) minutes at the final visit, compared with an increase of 0.4 (2.9) minutes to 2.8 (2.9) minutes at the final visit in patients receiving placebo (difference between groups in change from 


baseline, P<.001; Figure 2 , left). Of 112 patients who received armodafinil, 89 (79%) were rated as improved in the CGI-C ratings at the final visit compared with 61 (59%) of the 104 
patients who received placebo (P=.001).
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FIGURE 2.


Mean sleep latency on the Multiple Sleep Latency Test (MSLT). Sleep latency by visit for the last 4 tests (2-8 am) (left) and during the final visit night shift (midnight to 8 am) (right). Error bars indicate SEM. P values are based on the 


change from (more ...)


Secondary Efficacy Measures


Wakefulness Assessments. The significant increase from baseline in mean nighttime sleep latency in the armodafinil group relative to the placebo group was evident at the 4-, 8-, and 12-week assessments (Figure 


2 , left). The sleep latency for individual MSLT sessions at all 5 time points (midnight to 8 am) at the final visit was greater for patients who received armodafinil than for patients who 


received placebo (P<.001 at midnight, 2 am, 4 am; P=.007 at 6 am; P=.02 at 8 am (Figure 2 , right). For the armodafinil group, 64 (57%) of 112 patients were “very much improved” or “much 
improved” at the final visit compared with 37 (36%) of 104 patients in the placebo group (P=.002). The proportion of patients with at least minimal improvement on the CGI-C rating of sleepiness was significantly greater for armodafinil than for placebo at the 4-week (armodafinil, 
89/110 patients [81%]; placebo, 59/100 [59%]; P<.001), 8-week (armodafinil, 77/99 [78%]; placebo, 45/93 [48%]; P<.001), and 12-week (armodafinil, 75/96 [78%]; placebo, 50/89 [56%]; P=.001) assessments.
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Patient-reported levels of sleepiness during the night shift on the KSS were significantly reduced for the armodafinil group compared with the placebo group at all visits (Figure 3, A ). 
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Patient-reported sleepiness at the first 4 time points at the final visit was significantly improved for patients who received armodafinil vs that for patients who received placebo (Figure 3, B ).
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FIGURE 3.


Mean Karolinska Sleepiness Scale (KSS) scores. Scores are by visit (A) and during the final visit night shift (midnight to 8 am) (B); for quality of episodic secondary memory by visit (C) and during the final visit night shift (midnight to 8 am) 


(D); (more ...)
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At the final visit, armodafinil was associated with significant improvement in most items assessed in the electronic diaries, including maximum level of sleepiness during the night shift and commute home and the mean number of mistakes, accidents, or near misses compared with 
placebo (Table 2).


TABLE 2.


Baseline and Change From Baseline in Ratings of Sleepiness on the Electronic Daily Diaries for Patients Diagnosed as Having Shift Work Disorder Who Received Armodafinil, 150 mg, or Placebo


Memory Assessments. Armodafinil significantly improved the mean score for the quality of episodic secondary memory factor compared with placebo at each visit (P<.001 at weeks 4 and 8; P=.002 at week 12; P<.001 at final visit; Figure 3, 
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C ) and during the first 4 tests on the final night shift (P=.002 at 12:30 am; P<.001 at 2:30 am; P=.02 at 4:30 am; P=.006 at 6:30 am; Figure 3, 
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D ). Within this factor score, armodafinil significantly improved the accuracy of delayed word recall compared with placebo at each visit (P=.02 at week 4; P=.006 at week 8; P=.02 at 
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week 12 and at final visit; Figure 3, E ) and during the first 2 tests on the final night shift (P<.001 at 12:30 am; P=.02 at 2:30 am; Figure 3, 


F ).


The mean (SD) times for speed of memory were similar at baseline for armodafinil (2877.9 [666.5] milliseconds) and placebo (2914.0 [896.8] milliseconds). Armodafinil significantly improved speed of memory from baseline compared with placebo at week 8 (armodafinil, −240.9 
milliseconds; placebo, −46.5 milliseconds; P=.02) and week 12 (armodafinil, −307.7 milliseconds; placebo, −115.2 milliseconds; P=.01), with a change at the final visit (armodafinil, −257.2 milliseconds; placebo, −140.4 milliseconds) that was not statistically significant (P=.09).
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Attention Assessments. Armodafinil significantly improved mean power of attention from baseline at each study visit (P=.005 at week 4; P=.006 at week 8; P=.005 at week 12; P=.001 at final visit; Figure 3, 


G ) and during the first 4 tests on the final night shift compared with placebo (P=.002 at 12:30 am; P=.006 at 2:30 am; P=.004 at 4:30 am; P=.03 at 6:30 am; Figure 3, 
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H ). Within this factor score, armodafinil significantly improved simple reaction time compared with placebo at all visits (P=.02 at week 4; P=.04 at week 8; P=.045 at week 12; P=.01 at 
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final visit; Figure 3, I ) and during the second and third tests on the final night shift (P=.02 at 2:30 am; P=.03 at 4:30 am) (Figure 3, 
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J ).


Continuity of attention improved at the final visit in patients who received armodafinil (increase in mean [SD] score, 2.9 [5.5] units) compared with those who received placebo (increase in mean [SD] score, 0.2 [5.7] units) (difference between groups in change from baseline, 
P<.001). The difference in change between the groups was significant at weeks 8 (P=.03) and 12 (P=.002).


Tolerability


The adverse events reported by 5% or more of patients who received armodafinil and reported more frequently than by patients who received placebo were headache (15/123 [12%] in the armodafinil group and 12/122 [10%] in the placebo group), nausea (9/123 [7%] in the 
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armodafinil group and 4/122 [3%] in the placebo group), nasopharyngitis (7/123 [6%] in the armodafinil group and 4/122 [3%] in the placebo group), and anxiety (6/123 [5%] in the armodafinil group and 2/122 [2%] in the placebo group). Most adverse events were considered mild or 
moderate by the investigator. Severe adverse events, as determined by the site investigator, occurred more frequently in patients who took armodafinil (n=12) than in those who took placebo (n=3), with diarrhea (n=2) and low back pain (n=2) being the most common events in this 
category in the armodafinil group. Two serious adverse events were reported, 1 for the armodafinil group (suicidal ideation in a patient with a history of depression), which was considered by the investigator to be possibly related to the study medication, and 1 for the placebo group 
(viral meningitis), which was considered by the site investigator not to be related to study medication. No single adverse event led to withdrawal of more than 1 patient.


Changes from baseline to the final visit in mean laboratory parameters, mean vital signs, physical examination findings, and concomitant medication use were comparable for both groups, except for small increases in mean γ-glutamyltransferase values (mean [SD] change: 
armodafinil, 5.6 [30.8] U/L; placebo, 0.9 [7.5] U/L; P=.10) and a decrease in mean uric acid values (mean [SD] change: armodafinil, −4.38 [9.02] mg/L; placebo, −2.28 [10.33] mg/L; P=.10). The mean changes in laboratory parameters were not considered clinically meaningful, and 
the mean values remained within the reference ranges. Shifts in serum chemistry laboratory values from the reference range at baseline to values outside the reference range for at least 1 time point during the study occurred at comparable frequency in the armodafinil and placebo 
groups; none were considered clinically meaningful by the site investigators. For serum hematology laboratory values, slightly more shifts in lymphocyte and platelet values above the reference range were reported among patients who took armodafinil than among patients who 
received placebo, and there were slightly more shifts in neutrophil values below the reference range among patients who took armodafinil than among patients who received placebo. None of these changes were considered clinically meaningful by the site investigators.


Differences in vital sign parameters were not statistically significant for measurements taken approximately 3 hours after dosing, approximately 11 hours after dosing (Table 3), or at 6:15 pm after the daytime polysomnogram at the final visit.


TABLE 3.


Vital Sign Measurements for Patients Diagnosed as Having Shift Work Disorder Who Received Armodafinil, 150 mg, or Placeboa


Armodafinil did not adversely affect daytime sleep variables (eg, sleep latency, sleep duration, and sleep-stage distribution) compared with placebo (Table 4). These findings were consistent with results from patient diaries.


TABLE 4.


Daytime Polysomnographic Characteristics at Baseline and the Final Visit in Patients Diagnosed as Having Shift Work Disorder Who Received Armodafinil, 150 mg, or Placeboa
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DISCUSSION


Treatment with armodafinil, 150 mg, significantly reduced sleep propensity and subjective ratings of sleepiness and improved aspects of attention and memory in patients with SWD during usual night shift hours. These differences were associated with significantly greater 
improvement in the severity of patients' overall clinical condition compared with those who received placebo. Armodafinil increased nighttime mean sleep latency to greater than 5 minutes, although a proportion of individuals remained sleepy; patients who fall asleep in 5 minutes or 


less are often considered severely sleepy.26 This improvement was demonstrated at the first laboratory night shift and was sustained throughout the 12-week study. The findings confirm our hypothesis that armodafinil would significantly increase mean sleep latency and improve 
the overall clinical condition in patients with excessive sleepiness associated with SWD.


In a previous study in a similar population, modafinil, 200 mg, significantly improved overall mean nighttime sleep latency as measured by the MSLT by a mean of 1.7 minutes, with statistically significant increases in sleep latency vs placebo at the 2 and 4 am MSLT naps.16 In the 
current study, armodafinil, 150 mg, significantly improved the overall mean nighttime sleep latency as measured by the MSLT by a mean of 3.1 minutes at the final visit, with statistically significant increases in sleep latency at all 5 MSLT sessions from midnight to 8 am. A direct 
comparison study is necessary to compare the efficacy and safety of these agents.


The MSLT has also been used to assess sleepiness in other disorders for which excessive sleepiness is a cardinal symptom—narcolepsy and obstructive sleep apnea (OSA). The improvement in the mean sleep latency for patients with narcolepsy who received modafinil, 200 mg/


d, for 9 weeks in a placebo-controlled clinical study was approximately 1.8 minutes vs baseline.27 A meta-analysis revealed that the summary estimate of improvement in mean sleep latency for patients with OSA who were successfully treated with nasal continuous positive airway 


pressure (nCPAP) was 0.74 minutes.28 Both modafinil and nCPAP are recognized as standard treatments for individuals with excessive sleepiness associated with narcolepsy29 or OSA,30 respectively, and the effects of these interventions on mean sleep latency have been shown 


to be associated with significantly improved health-related quality of life.31,32 Moreover, nCPAP treatment significantly reduces the elevated risk of motor vehicle crashes in patients with nontreated OSA.33,34 These findings suggest that an improvement in objective sleep latency 
comparable with that shown in the current study is sufficient to ameliorate the burden of illness and may be considered clinically relevant; our conclusion is similar to that reached in the meta-analysis mentioned herein, which showed a less than 1-minute mean improvement in 


objective sleep latency from nCPAP therapy in patients with OSA.28 Considering the nonlinear relationship between MSLT scores and sleepiness, a given numerical improvement in mean sleep latency at the low end of the scale is more clinically relevant than the same numerical 


improvement at the high end of the scale.35 The proportion of patients in the placebo group who were rated by the investigator as at least minimally improved on the CGI-C, the other coprimary outcome measure, was higher than what was anticipated and observed in a previous 


study16 of modafinil in patients with excessive sleepiness associated with SWD, for reasons that are not understood.


Excessive sleepiness impairs performance on various tasks, including those involving psychomotor performance or cognitive functions such as attention and memory.36-41 In the current study, attention was comprehensively enhanced as assessed by the CDR system with 
administration of armodafinil: the ability to both focus and sustain attention was improved compared with placebo, as shown by improvements in both speed and accuracy measures from an attention task (simple reaction time). Furthermore, armodafinil significantly improved long-
term memory (quality of episodic secondary memory) and speed of memory compared with placebo, with significant improvements in the accuracy of delayed word recall. This improvement in accuracy was accompanied by an improvement in speed.


In the armodafinil group, reductions in patients' subjective ratings of sleepiness throughout the laboratory night shift were consistent with their ratings during actual work shifts and during the commute home. Furthermore, treatment with armodafinil was associated with significant 
reductions in reports of intended and unintended sleep episodes and mistakes, near misses, or accidents during the night shift. A similar magnitude of improvement was demonstrated for the commute home, although this effect was not statistically significant compared with 
placebo. Long-term, prospective studies of the impact of armodafinil on work performance and safety in patients with SWD are necessary to confirm the effects observed in the current 3-month trial.


Before treatment, our patients with SWD were severely sleepy, as shown by mean nocturnal sleep latencies of approximately 2 minutes, which are comparable to the latencies observed in patients with narcolepsy during the daytime.27 Patients with reports of excessive sleepiness 


associated with SWD are at substantially greater risk of impaired physical and mental well-being and performance.4 These risks constitute a public health concern. Untreated OSA and narcolepsy and working more than 24 consecutive hours42 can increase the risk of motor vehicle 


crashes.43,44 Patients diagnosed as having OSA are at a 2- to 7-fold greater risk of motor vehicle crashes,33 a risk that can be mitigated with appropriate treatment.33,34,45,46 Data from the health care field, which represented the largest segment of patients in the current study and 
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is the largest and fastest growing industry in the United States, show that extended work shifts lasting more than 24 consecutive hours are also associated with increased risk of attentional failures, degraded performance, and increased risk of occupational accidents and serious 


fatigue-related medical errors and adverse events, resulting in patient injury and even death.42,47-50 Although the shift durations in these studies differ from those in the current study, SWD can increase the risk of attentional failures and degrade employee performance. To mitigate 
these risks, health care employers should implement fatigue management programs that include screening programs for the diagnosis and treatment of employees with SWD and other disorders of sleep and wakefulness.


Armodafinil was well tolerated and did not adversely affect scheduled daytime sleep. No clinically important effects on laboratory values, vital signs, polysomnograms, or electrocardiograms were seen. The current study did not find a statistically significant difference for armodafinil 


vs placebo in mean vital signs; increases in heart rate and blood pressure have been reported in other randomized, double-blind studies of the medication, although not consistently.51,52


Our study has several considerations that may limit the interpretation of data. Most patients enrolled were permanent night shift workers. This may limit the generalizability of these results to individuals working alternative shift schedules. This study was performed in SWD patients 
with both excessive sleepiness and insomnia, who may represent a more severely affected group; therefore, additional studies may be necessary to quantify the effects in a patient population with less severe SWD. The study did not include patients with SWD associated with 
starting work in the early morning. Although the prevalence of SWD is unknown in this population, approximately 3 times as many individuals work shifts that start in the early morning than night shifts. Further studies are necessary to determine whether these results are 
generalizable to those who start work in the early morning.


Although the effects of armodafinil were statistically significant and clinically relevant, a proportion of patients remained sleepy on objective assessment at the end of treatment. This finding suggests that armodafinil, 150 mg, is not equally effective in all patients and highlights the 
importance of ensuring that use of pharmacotherapy to enhance wakefulness is part of a comprehensive program that includes diagnostic screening for sleep disorders, education, and behavioral treatment interventions designed to optimize sleep and wakefulness. Recommended 
for industries such as the health care field, a comprehensive approach for SWD should address sleep and wake hygiene, strategic napping, appropriate time off between work periods, diet, exercise, appropriately timed light exposure to facilitate circadian adaptation, and work hour 
limits. Diagnosis and treatment of comorbid sleep disorders, such as OSA, narcolepsy, and restless legs syndrome, are important components of any comprehensive program for SWD.


CONCLUSION


Armodafinil, 150 mg, significantly improved measures of sleep propensity, subjective sleepiness, memory, and attention during scheduled night work hours in patients with excessive sleepiness associated with SWD without disturbing daytime sleep. The effects on wakefulness 
were apparent during the night shift and the commute home. Concurrent improvements in overall clinical condition were also found. Armodafinil was generally well tolerated. These findings support the inclusion of armodafinil as part of a comprehensive treatment program for 
excessive sleepiness associated with SWD.
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KELLY D. DAVIS, W. BENJAMIN GOODMAN, AMY E. PIRRETTI, AND


DAVID M. ALMEIDA


The Pennsylvania State University


Nonstandard Work Schedules, Perceived Family


Well-Being, and Daily Stressors


Data from two studies assessed the effects of
nonstandard work schedules on perceived fam-
ily well-being and daily stressors. Study 1,
using a sample of employed, married adults
aged 25 – 74 (n ¼ 1,166) from the National
Survey of Midlife in the United States, showed
that night work was associated with perceptions
of greater marital instability, negative family-
work, and work-family spillover than weekend
or daytime work. In Study 2, with a subsample
of adults (n ¼ 458) who participated in the
National Study of Daily Experiences, weekend
workers reported more daily work stressors
than weekday workers. Several sociodemo-
graphic variables were tested as moderators.
Both studies demonstrated that nonstandard
work schedules place a strain on working, mar-
ried adults at the global and daily level.


The United States’ transformation into a 24-
hours-a-day-and-7-days-a-week global economy
in which business occurs around the clock is
increasing the need for a larger workforce willing
to work nonstandard schedules (Presser, 2003).
Nonstandard schedules (e.g., night, afternoon,
weekend, rotating shifts) have increased in recent
years; according to a 2001 United States Bureau
of Labor estimate, over 15 million full-time wage


and salary employees work an alternate shift
(U.S. Department of Labor, 2001). Given the
continual growth of shift workers in the labor
force, it is critical that researchers improve their
understanding of what nonstandard schedules
mean for the quality of family life in order to
inform workplace policies. Most noticeably,
Presser has begun to fill this gap in the literature
vis-à-vis the challenges individuals and families
face when one or more family members has a non-
standard schedule. Nevertheless, more research is
still needed to understand how nonstandard sched-
ules relate to individuals’ perceptions of the com-
patibility between work and family demands.


Guided by ecological systems theory (Bron-
fenbrenner, 1979), which recognizes the interre-
latedness of the multiple environments in which
human development takes place, we examined
how work schedules were linked to home life
using data from two studies: Study 1 refers to
our analyses using data from the Midlife in the
United States (MIDUS) study, and Study 2 refers
to our analyses using data from the National
Study of Daily Experiences (NSDE), an in-depth
study of MIDUS participants. We restricted the
samples to employed, married adults, because
our main focus was testing the associations
between work and indicators of marriage and
family life. For Study 1, we tested the association
between work schedules (i.e., night, weekend,
day) and perceptions of marital instability and
work-family spillover. Marital instability, as
operationalized here, was indicated by reports
of greater conflict and likelihood of separation
or divorce. We also tested the link between
work schedules and four aspects of work-family
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spillover — the degree to which negative or
positive mood, skills, and experiences at work
reverberate to experiences at home (or vice ver-
sa; Staines, 1980). For Study 2, we moved from
a global to micro analysis by assessing differen-
ces in daily work and family stressors experi-
enced by weekday and weekend workers over 8
consecutive days. For both studies, we consid-
ered the importance of sociodemographic and
life course variables.


WORK SCHEDULES AND PERCEPTIONS OF


MARITAL INSTABILITY


Over one fourth of dual-earner couples have at
least one spouse who works a nonstandard shift
(Presser, 2003). For many couples trying to bal-
ance work and family, the number of hours
spouses are working per week and which hours
spouses are working may have consequences
for individuals’ ability to spend time with their
spouses. For example, evening and night work-
ers may have difficulty being a companion to
their spouses because they are absent from home
at times when interaction and shared activities
commonly occur (Mott, Mann, McLoughlin, &
Warwick, 1965). Dual-earner couples with one
spouse working a nonstandard shift have re-
ported lower marital quality (White & Keith,
1990) and have higher rates of separation or
divorce (Presser). Night work may be particu-
larly straining on the marriage if the spouse has
to bear the brunt of child care and housework.
Interestingly, however, weekend employment
has not been linked to marital instability for cou-
ples with or without children (Presser). On the
basis of the extant literature, it appears that night
work may be more detrimental than weekend
work in terms of marital outcomes.


Although several studies have investigated the
implications of atypical work schedules for mar-
ital stability, few studies have used nationally
representative samples (for an exception, see
Presser, 2003). Accordingly, a goal of Study 1
was to replicate using a nationally representative
sample the finding that compared to daytime and
weekend work, night work is associated with
perceptions of greater marital instability.


WORK SCHEDULES AND PERCEPTIONS OF


WORK-FAMILY SPILLOVER


To date, few studies have examined the associa-
tion between having a nonstandard work sched-


ule and perceptions of the degree to which
physical (e.g., fatigue) or psychological effects
(e.g., mood, stress) from one sphere ‘‘spill over’’
into another sphere. Although work-family spill-
over is a multidimensional construct, the litera-
ture in the work and family field has focused on
some dimensions more than others. First, work-
family spillover has been shown to be bidirec-
tional: Work can influence family life (i.e.,
work-family spillover), and family can influence
work (i.e., family-work spillover; Crouter, 1984).
For example, fatigue after a night shift may spill
over to the home sphere by making the shift
worker irritable around his or her spouse (nega-
tive work-family spillover). In the reverse direc-
tion, negative mood from arguing with one’s
spouse may spill over to the workplace by making
the worker more irritable and less cooperative
with colleagues (negative family-work spill-
over). Controlling for demographic characteris-
tics, Grosswald (2003) found that among
workers with families, having a nonstandard
work schedule was positively associated with
negative work-family spillover. On the basis of
the ecological framework, we recognized the
reciprocal nature of the two spheres and accord-
ingly assessed both directions of work-family
spillover using another national data set.


Second, spillover can be both positive and neg-
ative, but there is a history of viewing the relation
between work and family as ‘‘conflict ridden’’
and, as such, positive spillover has been ‘‘the
ignored side of spillover’’ (Kirchmeyer, 1992,
p. 231). Recently, Greenhaus and Powell
(2006) proposed a theory of work-family enrich-
ment, a concept synonymous with positive work-
family spillover, which states that participation in
one role can enrich the quality of life in another
role. Examples of enrichment include using skills
(e.g., time management) learned at work in the
home, bringing a positive mood and energy from
one place to another, and using networks (social
capital) from work to assist family members.


To date, studies of shift work have measured
conflict between work and family and neglected
positive spillover. Although acknowledging that
most of the evidence on shift work heretofore
supports the link with poor outcomes, there is
some research pointing to the adaptive strategies
shift work can create for some families, such as
parents having more time for their children when
they work at night (Presser, 2003). Another hint
that there may be some positive influences of shift
work on home life is Melbin’s (1978) observation
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that nighttimers form a sense of camaraderie due
to their relatively small number compared to day-
timers and similar lifestyle. Thus, shift work, par-
ticularly night shifts, may allow individuals to
feel a sense of belonging to a group and enjoy
the company of coworkers during nonpeak hours
or times of less supervision. These positive feel-
ings may then transfer to interactions with
spouses, children, or friends. Although shift work
may be related to positive spillover, this may be
true only under certain conditions, such as the
type of job held. For example, helping patients
as a nurse versus doing manual labor all night
may be related to more positive spillover (better
mood, more energy at home) given the altruistic
nature of this job and perhaps because it is less
physically demanding than is a manual labor
job. Considering the opposite direction — from
family to work — it is possible that family expe-
riences, such as having a spouse who is support-
ive and understanding of the nature of shift work,
may improve one’s morale at work (see Repetti,
1989). Also possible, however, is that family
may not positively or negatively affect work if in-
dividuals’ schedules preclude them from being
around family in the first place. Given the lack
of research examining positive spillover as well
as spillover in both directions, we considered
these analyses more exploratory than hypothesis
testing.


WORK SCHEDULES AND DAILY WORK AND


FAMILY STRESSORS


The primary goal of Study 2 was to move from
a global perspective to a microlevel perspective.
The traditional approach of work and family
research has been aimed at understanding how
people globally feel about work and family de-
mands. Although global reports are useful, this
approach measures experiences as relatively static
phenomena. Understanding how work and family
demands fluctuate at a microlevel may allow re-
searchers and policymakers to understand more
clearly the temporal rhythms of work and family
in order to create better supports for working fam-
ilies (Almeida, 2004; Bolger, DeLongis, Kessler,
& Wethington, 1989; Repetti, 1989). Further-
more, a microlevel assessment, such as a daily
diary approach, permits between- and within-
individual analyses of how nonstandard work
schedules unfold day to day.


To our knowledge, no study has examined
nonstandard work schedules in relation to daily


work and family stressors, with the exception of
work by Almeida (2004), who compared week-
end (weekend only or weekday plus weekend
hours) and weekday workers on the amount of
time they spent with their children. Using data
from the National Study of Daily Experiences
(also used in the present study), Almeida (2004)
found that male weekend workers were almost
twice as likely to report family-related disrup-
tions at work as weekday workers. Accordingly,
we expected that weekend workers would report
more work and family stressors than weekday
workers.


SOCIODEMOGRAPHIC AND LIFE COURSE


CHARACTERISTICS


For both Study 1 and Study 2, we considered the
confounding effects of sociodemographic and
life course characteristics in the association
between work schedules and the various out-
comes. Presser (2003) and others have demon-
strated that nonstandard work schedules are
more common in some groups than others: Shift
workers tend to be younger, men, women with
preschool children, less educated, non-Hispanic
Blacks, and blue-collar workers with smaller in-
comes. Shift workers are not randomly distrib-
uted within the population and therefore may
face different experiences than other workers.
Controlling for these differences, we will be able
to ascertain that it is the nature of the work sched-
ule and not other potential strains that are linked
to individual and family well-being indicators.


We also tested the moderating effects of mari-
tal duration and spouses’ work schedules. Presser
(2003) showed that marital duration moderated
the relation between work schedules and marital
instability such that neither spouses’ work sched-
ules predicted marital instability for couples mar-
ried less than 5 years but wives’ schedules
predicted separation or divorce for couples mar-
ried more than 5 years. Given the ecological sys-
tems framework, it also was important to capture
the work characteristics of the spouse, because
they too can influence individual and family out-
comes. Presser found that if either spouse had
a night or rotating shift, then there was evidence
of lower marital quality.


Another reason to consider sociodemographic
and life course variables is that, depending on the
absence or presence of children, age of children,
years married, and place in one’s career timeline,
interpretations of experiences and strategies for
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juggling multiple responsibilities may differ
(White, 1999). Life stage also is important when
examining daily data because sociodemographic
factors, such as income and social networks, play
a part in creating the types of daily environments
with which people interact (Almeida, 2005). As
such, we controlled for and tested the moderating
role of age, gender, education, income, race, age
of children, marital duration, work hours, job
type (blue- versus white-collar), and spouse’s
work schedule.


STUDY 1


Study Goals


Study 1 had three goals pertaining to how shift
work may influence home life and vice versa:
(a) to replicate Presser’s (2003) finding that night
work is related to greater marital instability; (b) to
investigate how work schedules (day, night, or
weekend) are associated with perceptions of
work spilling over into home life, or vice versa,
and whether this spillover is positive, negative,
or both; and (c) to investigate whether the associ-
ations above depend on life-course and demo-
graphic characteristics.


Method


Participants. Participants for the first set of anal-
yses came from the MIDUS National Survey,
a sample of individuals aged 25 – 74. From the
total 3,034 participants who comprised the main
data set, we selected individuals who were mar-
ried (64% of the total) reducing our sample size
to 1,943. Our second selection criterion was
being employed, reducing the sample size to
1,457. The primary variable of interest was work
schedules, so individuals who were missing re-
sponses for items used to create an individual’s
work shift were excluded (n ¼ 251). To note,
the group of unemployed participants with em-
ployed spouses were excluded because they had
not answered the work and family questions,
a key outcome measure in our analyses. Our
final sample size of 1,166 included participants
without missing data on any of the variables
included in the models, with the exception of
the spouse’s work schedule, because not all
spouses of participants were employed. Using
t tests, we compared respondents with and with-
out any missing data on the predictors or out-
comes based on the key demographic variables


and found that respondents with complete data
were significantly younger, married for a shorter
length of time, less likely to have children in
any of the three age groups, and were less likely
to be weekend workers but were more likely to
be night workers. All of these variables were
included as controls in each model. More spe-
cific information on these tests can be obtained
from the corresponding author.


As shown in Table 1, in Study 1 there were
slightly more men than women, and the majority
of participants were Caucasian and had obtained
some college education. Respondents on average
were 44.10 years of age (SD ¼ 10.73) with
a median household income of $58,000. On
average, participants were married for 21.55
years (SD ¼ 11.95; range 1 – 52 years). Re-
spondents worked an average of 43.97 hours
per week (SD ¼ 15.72; range 2 – 142). The
majority of participants worked day shifts, fol-
lowed by the weekend shift and then the night
shift.


Procedure. Participants were selected using a ran-
dom-digit dialing procedure. Those that agreed to
participate completed a telephone interview that
lasted an average of 30 min and two mailed ques-
tionnaires containing questions about health and
well-being.


Table 1. Comparison of Percentages of Categorical


Demographic Characteristics of Study 1 (n ¼ 1,166)


and Study 2 (n ¼ 458)


Variable Study 1 (%) Study 2 (%)


Male 58.49 54.02


Some high school 5.57 5.11


Graduated high school/ or GED 29.59 30.29


Some college or more 64.84 64.60


Caucasian 90.82 91.92


African American 4.12 4.55


Other race or ethnicity 5.06 3.53


Children aged 0 – 6 22.56 21.94


Children aged 7 – 13 30.27 30.11


Children aged 14 – 17 22.13 21.81


Blue-collar job 35.25 32.98


White-collar job 64.75 67.02


Spouse day shift 51.11 50.25


Spouse night shift 35.25 34.28


Spouse weekend shift 13.64 15.47


Day shift 63.55 61.70


Weekend shift 21.53 38.30


Night shift 14.92 –


994 Journal of Marriage and Family







Measures. Participants’ work schedules were
determined by three questions that asked re-
spondents in an average week how often they
worked during the day, at night, or on the week-
end. Respondents indicated the frequency with
which they worked each of these shifts on a 5-
point scale which ranged from four or more
times per week to less than once a month or
never. Night and weekend work schedules were
dummy coded, defining respondents as nonstan-
dard workers if they worked at least once per
week at night or on the weekend. In cases where
respondents reported working multiple shifts
(e.g., both day and night shifts) more than once
per week, priority was given to the shifts in the
following order: night shift, weekend shift, day
shift.


Perception of marital instability was assessed
in the mailed questionnaire with a three-item
inventory of the nature and long-term stability
of the respondent’s current relationship. Partici-
pants responded to the first question—‘‘During
the past year, how often have you thought your
relationship might be in trouble?’’—with a 5-
point response format (1 ¼ never, 5 ¼ all the
time) and the second question—‘‘What do you
think the chances are that you and your partner
will eventually separate?’’—with a 4-point
response format (1 ¼ very likely, 4 ¼ not likely
at all). The final question asked respondents to
rate (1 ¼ a lot, 4 ¼ not at all) ‘‘How much do
you and your spouse or partner disagree on the
following issues?’’ The issues were money,
household tasks, and leisure. These items were
recoded so that higher values indicated greater
marital instability. For this sample, the average
score was 2.36 (SD ¼ 0.49, range 1 – 3.8) and
reliability was .77.


Perception of work-family spillover was mea-
sured with four 4-item subscales. Respondents
used a 5-point response format (1 ¼ all the
time, 5 ¼ never) to respond; however, all items
were reverse-coded and then summed so that
higher numbers indicated more spillover. Nega-
tive family-work spillover items assessed the
degree that participants perceived that their fam-
ily lives negatively impacted their work during
the past year (M ¼ 8.40, SD ¼ 2.53, a ¼ .78).
Negative work-family spillover questions as-
sessed the perception of how much their
employment negatively impacted their home
life during the past year (M ¼ 10.66, SD ¼
2.83, a ¼ .81). Positive family-work spillover
assessed perceptions of how much of a positive


influence family has on work experiences (M ¼
13.72, SD ¼ 2.97, a ¼ .68). Positive work-
family spillover questions assessed how much
work positively influenced home life (M ¼ 11.56,
SD ¼ 2.84, a ¼ .70).


Life-course and background characteristics
from the MIDUS study were examined. One
item variables included were gender, age, and
marital duration (computed by subtracting the
year of marriage from the year of the study).
Educational attainment was a one-item variable
with 12 options (1 ¼ no school or some grade
school, 12 ¼ Ph.D., M.D., or other professional
degree). We divided the variable into two
dummy-coded variables: one representing some
high school, the other indicating high school
graduation or GED, and the reference group for
both was some college or more. Race was a
1-item variable with six options. Given the lim-
ited variability in race, we made the variable into
two categories — Caucasian and other. Three
separate items were used to indicate whether
they had at least one child in the specified age
ranges: 0 – 6, 7 – 13, and 14 – 17. A two-category
job type variable was created from 21 items
representing different industries in which indi-
viduals can be employed. Industries coded as
blue-collar jobs were construction, manufactur-
ing, and transportation. Industries classified as
white-collar were finance, insurance, and admi-
nistration, to name a few. Spouse’s work
schedule was created the same way as the indi-
vidual’s work schedule variable using three
items about the frequency with which the
spouse works during the day, night, and week-
end during a typical week. Work hours was
constructed by summing two items reflecting
number of hours worked on main job and num-
ber of hours on other jobs (if any).


Results


Correlations among the outcome variables for
Study 1 ranged from .01 (ns) to .52 (p , .01;
negative family-work and work-family spill-
over), most of which were significant. Because
the outcomes were only moderately correlated
and represented different phenomena, we
included them separately in a series of multiple
regressions. The results from the multiple
regression analyses are in Table 2. Several cova-
riates predicted the dependent variables. Marital
instability was greater among women, individu-
als with children aged 14 – 17, and when the
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spouse worked at night. Negative family-work
spillover was more common among women,
parents, and white-collar workers. Negative
work-family spillover was less common among
older workers. Both types of negative spillover


were less common among high-school graduates
compared to workers with some college educa-
tion and non-White workers but more common
among participants who worked long hours.
Younger workers, women, and individuals with


Table 2. Regression Coefficients From Models of Work Schedules with Perceptions of Marital Instability and Negative and


Positive Work-Family Spillover (n ¼ 1,166)


Variable


Model 1 Model 2 Model 3 Model 4 Model 5


Marital


Instability


Negative


Family-Work


Spillover


Negative


Work-Family


Spillover


Positive


Family-Work


Spillover


Positive


Work-Family


Spillover


B SE B SE B SE B SE B SE


Age �.004 .005 �.04
y


.02 �.07** .02 �.06* .02 �.02 .02


Gender
a


.12** .04 .47** .16 .19 .18 �.55* .20 .39* .19


, HS education
b �.02 .09 �.12 .33 �.20 .37 .08 .41 �.72


y
.40


Graduated HS or GED
c �.04 .04 �.54** .17 �.56** .19 �.19 .21 �.48* .20


Household income �.03 .03 �.17 .12 �.05 .13 �.19 .15 .02 .14


Race
d


.06 .06 �.73** .25 �1.01** .27 .60
y


.30 .06 .29


Children aged 0 – 6
e


.02 .05 .77** .20 �.20 .22 �.09 .25 �.16 .24


Children aged 7 – 13
f


.13** .04 .37* .17 .16 .18 �.40
y


.20 �.28 .20


Children aged 14 – 17
g


.18** .05 .64** .18 .23 .19 �.56* .22 �.12 .21


Marital duration �.004 .004 .01 .02 .03 .02 .04* .02 .03 .02


Work hours .0004 .001 .02** .005 .05** .01 .02* .01 .01
y


.01


Job type
h �.004 .04 .37* .16 .24 .18 .16 .20 .29 .19


Spouse night shift
i


.11** .04 .26 .16 .31
y


.17 �.15 .20 .17 .19


Spouse weekend shift
j


.07 .06 .09 .22 .001 .24 .07 .27 .23 .26


Night shift
k


.20** .05 .48* .21 .97** .23 .02 .26 �.17 .25


Weekend shift
l �.02 .05 �.12 .18 .26 .20 .13 .22 �.02 .21


Night shift 3 age �.01* .01 �.03 .02 .01 .02 .05
y


.02 .02 .02


Night shift 3 gender �.02 .11 .14 .43 �.03 .48 .09 .53 1.07* .51


Weekend shift 3 gender .17
y


.09 .36 .36 .18 .40 �.27 .44 �.46 .43


Night shift 3 children 0 – 6 .25* .12 1.43** .46 .21 .51 �.53 .57 �.30 .55


Weekend shift 3 children 0 – 6 .02 .11 .06 .41 �.08 .45 .18 .50 .02 .48


Night shift 3 children 7 – 13 .16 .11 1.82** .41 .45 .45 �.04 .51 .05 .49


Weekend shift 3 children 7 – 13 �.19
y


.10 -1.03* .38 �.48 .42 .05 .47 .14 .45


Night shift 3 children 14 – 17 .10 .12 .55 .47 .32 .51 .08 .58 .58 .55


Weekend shift 3 children 14 – 17 �.18 .11 �.55 .42 �.13 .46 .11 .51 .01 .49


Night shift 3 work hours �.0004 .003 �.03* .01 �.01 .01 �.02 .01 �.02
y


.01


Night shift 3 job type �.11 .10 .23 .40 .89* .44 .13 .49 .99* .47


Weekend shift 3 spouse night shift .12 .09 .29 .36 .49 .39 �.93* .44 �.72
y


.42


Note: Each interaction term was tested in a separate model, but all models included the same covariates. Sample sizes varied


slightly from model to model due to missing data in the dependent variables.
a
Gender: 0 ¼ male, 1 ¼ female.


b
, HS education: 0 ¼ some college or more, 1 ¼ less than high school education.


c
Grad-


uated HS or GED: 0 ¼ some college or more, 1 ¼ graduated from high school or obtained GED.
d
Race: 0 ¼ Caucasian, 1 ¼


other.
e
Any children 0 – 6: 0 ¼ no children 0 – 6, 1 ¼ has child or children 0 – 6.


f
Any children 7 – 13: 0 ¼ no children 7 –


13, 1 ¼ has child or children 7 – 13.
g
Any children 14 – 17: 0 ¼ no children 14 –17, 1 ¼ has child or children 14 – 17.


h
Job


type: 0 ¼ blue-collar, 1 ¼ white-collar.
i
Spouse night shift: 0 ¼ day shift, 1 ¼ night shift.


j
Spouse weekend shift: 0 ¼ day shift,


1 ¼ weekend shift.
k
Night shift: 0 ¼ day shift, 1 ¼ night shift.


l
Weekend shift: 0 ¼ day shift, 1 ¼ weekend shift.


y
p , .10. *p , .05. **p , .01.
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children aged 14 – 17 reported less positive
family-work spillover. Longer work hours and
marriages were associated with more positive
family-work spillover. Women reported more,
but high school graduates reported less, positive
work-family spillover. Many of these demo-
graphic and life-stage differences related to
spillover are consistent with findings reported
by Grzywacz, Almeida, and McDonald (2002)
and indicate that perceptions of spillover and
marital instability are not randomly distributed
among workers.


Turning to the central focus of Study 1, night
shift work was associated with more negative
outcomes than were either weekend or day shifts.
Compared to working a standard day shift, work-
ing at night was associated with heightened per-
ceptions of marital instability as well as greater
negative family-work and work-family spillover.
Weekend work was not associated significantly
with any of the five outcomes. By switching the
reference group from day to weekend shifts, we
found that the night shift was a greater risk factor
for marital instability than was working the week-
end shift (B ¼ 0.12, p , .05, R


2 ¼ .09), nega-
tive family-work spillover (B ¼ 0.59 p , .05,
R


2 ¼ .12), and negative work-family spillover
(B ¼ 0.76, p , .01, R


2 ¼ .15). Neither working
at night nor working on the weekends was sig-
nificantly related to positive spillover. Only
a small amount of variance in positive spillover
(3%) was explained.


As a next step, we tested interaction effects
between work schedules and the following eight
sociodemographic variables in separate models:
age, gender, any children aged 0 – 6, any children
aged 7 – 13, any children aged 14 – 17, marital
duration, work hours, and job type (Table 2).
Two of 12 interactions were significant for mari-
tal stability. The association between night work
and marital instability was moderated by age:
Night work was significantly related to marital
risk among young workers (B ¼ 0.25, p , .01)
but not older workers (B ¼ 0.04, ns). The inter-
action between night work and having a child
aged 0 – 6 was qualified by gender. Follow-up
tests indicated that working a night shift was
associated with higher levels of marital instability
for men with children 0 – 6 (B ¼ 0.60, p , .01)
but not for childless men (B ¼ 0.09, ns). There
was no significant difference between women
with and without children aged 0 – 6.


Four of 12 interactions were significant for
negative family-work spillover. Having a night


shift was associated with more negative family-
work spillover only when adults worked fewer
work hours (less than 1 SD; B ¼ 1.02, p , .01)
but not when they worked longer hours (B ¼
0.22, ns). For men only, having a night shift
and a child aged 0 – 6 predicted higher negative
family-work spillover (B ¼ 1.84, p , .01) but
there was no association for childless men (B ¼
�0.09, ns). Night workers with a child aged 7 – 13
predicted more negative family-work spillover
(B ¼ 1.39, p , .01), but this was not true for
night workers without children in this age group
(B ¼ �0.21, ns). Follow-up tests for the week-
end shift 3 children 7 – 13 were trend level or
nonsignificant.


Only one interaction was significant for nega-
tive work-family spillover between night shift
and job type. Specifically, night work was associ-
ated with negative work-family spillover among
white-collar workers (B ¼ 1.32, p , .01) but
not among blue-collar workers (B ¼ .53, ns).


None of the sociodemographic variables mod-
erated the association between work schedules
and positive family-work spillover; however,
gender and type of job moderated the association
with positive work-family spillover (2 interac-
tions of 12). Among male workers, night work
was associated with less positive work-family
spillover (B ¼ �0.59, p ¼ .05), but this was not
true for female workers (B ¼ 0.71, ns). Night
work was associated with less positive work-
family spillover among blue-collar workers (B ¼
�0.80, p , .05), but not among white-collar
workers (B ¼ 0.24, ns).


For a final set of analyses, we tested whether
findings varied depending on spouses’ employ-
ment or whether spouses worked the same non-
standard schedule as their spouse, but only the
latter was a significant predictor. The only signif-
icant interaction was a weekend shift 3 spouses
working the night shift interaction predicting pos-
itive family-work spillover (Table 2). Planned
contrast tests revealed that couples with a week-
end worker and a spouse who does not work
nights had significantly higher positive family-
work spillover (M ¼ 14.14, SE ¼ 0.25) than did
couples with a weekend worker and a spouse
who does work at night (M ¼ 13.27, SE ¼
0.31), p , .05.


Discussion of Study 1 Findings


The purpose of Study 1 was to paint a more
detailed picture of the consequences of
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nonstandard work schedules for individuals and
relationships. The findings demonstrate that the
more nonstandard a work schedule is, the more
strain it may place on individuals, particularly
men. Namely, night work was significantly
related to perceptions of more marital instability,
negative work-family spillover, and negative
family-work spillover than was weekend or stan-
dard, daytime work. Furthermore, compared to
daytime work, night work was associated with
less positive work-family spillover among male
workers.


The marital findings were mostly consistent
with past research (Presser, 2003; White & Keith,
1990); working the night shift was associated
with perceptions of greater marital instability,
especially for younger workers. Compared to
older workers, younger workers may have been
married for shorter periods of time and therefore
have had less time to adjust to the night shift. The
night shift also may cause more strain on the mar-
riage for younger workers than older workers
with similar durations of shift work and marriage
if the younger workers are more socially active. A
selection effect is likely at work here too, with
older night workers having greater tolerance for
the nonstandard schedule and those that could
not adjust having changed jobs or schedules.
Similar to Presser’s findings, we did not find that
weekend workers reported greater marital insta-
bility than daytime workers, lending further sup-
port that weekend work is not as disruptive for
marriages as night work can be. As Mott and col-
leagues (1965) suggested, night work may place
a strain on marriages because night workers are
absent when couples, particularly couples with
children, often spend intimate time together.
Weekend work during daytime hours may not
create the same amount of interference in foster-
ing intimacy.


Turning to the links between work schedules
and spillover, we found that night work was
linked to perceptions of greater spillover of stress
and fatigue to the home, replicating the finding by
Grosswald (2003). Given the evidence of how
night work can tax individuals mentally and
physically, the finding that these feelings can
transfer to the home is consistent with our
hypothesis. The type of job qualified this associ-
ation: Night work was associated with negative
work-family spillover only among white-collar
workers, not among blue-collar workers. The
finding seems counterintuitive at first glance,
given that blue-collar work is generally character-


ized by little control; however, given the high
time demands of white-collar work, these pres-
sures may be more likely to spill over to the
spouse. Also, recall that the night work variable
was created such that anyone who worked at
night at least once a week was classified as a night
worker. White-collar workers, such as those in
real estate and insurance, may not be expected
to work at night on a regular basis. Night work
is more common among blue-collar workers,
and thus being used to this schedule may mean
spillover from work to home is less frequent.


We did not have specific expectations about
the association between nonstandard work hours
and negative family-work spillover, given the
lack of research in this area. Night shift, however,
was associated with more negative family-work
spillover than was daytime work, but only when
adults worked fewer hours. If working fewer
hours is not due to a preference to work less, this
may be an additional strain to the already present
difficulties of working when family members are
asleep. Working at night and having a child either
aged 0 – 6 or 7 – 13 also predicted more negative
family-work spillover; there was no association
when children were in their teens. Younger chil-
dren are more dependent on parents, requiring
more supervision, and may be involved in more
activities (school, sports, play dates) that necessi-
tate parents driving them to and from different lo-
cations. Working at night means that individuals
have to sleep during the day when these activities
take place, which may be difficult with younger
children in the household who may not under-
stand the different timetable of the shift worker.
Male night shift workers with young children
seem especially vulnerable, evidenced by their
reports of higher marital instability and negative
family-work spillover. Perhaps with a young
child, wives call upon them more often for help
with child care when they are home, and if this de-
tracts from sleep, the husbands may have more
difficulty at work.


Although there were no direct associations
between work schedules and positive spillover,
significant interaction effects with gender and
job type emerged. Among male workers, night
work was associated with less positive work-fam-
ily spillover. Perhaps given the expectation that
husbands should be the breadwinners, in combi-
nation with the fact that night shift jobs are often
less desirable than daytime jobs, makes it less
likely that the skills and experiences at work will
benefit interactions at home for males. Night
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work was associated with less positive work-
family spillover among blue-collar workers but
not among white-collar workers. Holding less
prestigious, intellectually stimulating, or reward-
ing jobs may diminish the positive experiences
carried into the family.


The findings discussed above point to the
importance of considering the various life course
and demographic situations of workers. Gender,
having children aged 0 – 13, type of job, and
spouses’ schedules moderated the links between
night work and perceptions of marital instability
and spillover, likely due to the added strains
associated with having younger children or hav-
ing jobs with particular work conditions. Using
an ecological framework also was useful. We
considered how the work schedule of the
spouse, who is also apart of the family sphere,
may be related to the outcomes. Indeed, when
the spouse had a night shift and the individual
had a weekend shift, the individual reported less
positive family-work spillover compared to
when the spouse did not have a night shift and
the individual had a weekend shift. Why this
particular combination, and not others, was
related to less positive spillover rather than
greater marital instability and more negative
spillover is unclear. Rather than placing too
much weight on this finding, we recommend
more research assessing various combinations
of couples’ schedules in relation to individual
and family outcomes. Understanding the sched-
ules of both partners that comprise the family
system seems important.


Weekend work was not significantly associ-
ated with any of the five outcomes in the Midlife
study, and follow-ups to interactions were non-
significant. Why the sparse findings with week-
end work? It should be noted here that weekend
work could have involved as little as one shift
per week. The shifts could have lasted only
a couple of hours and could have occurred dur-
ing the day. Weekend work also included some
workers who worked standard shifts Monday
through Friday as well as those who worked on-
ly on the weekends. The measurement of week-
end work may explain the lack of associations
with marital instability and spillover, but it also
is possible that work and family may not be
interfering with one another on the weekends.
Weekend workers may be able to fulfill family
responsibilities during the week or they may
have spouses with similar schedules who are ac-
cepting of weekend work.


STUDY 2


Study Goals


The purpose of Study 2 was to assess whether and
how nonstandard schedules created temporal
friction between work and family, moving
beyond examination of work and family life as
a static phenomenon to examine intraindivi-
dual variability in experience (Almeida, 2004;
Bolger, Davis, & Rafaeli, 2003). The specific
goals were (a) to take a diary approach to assess
whether weekend or weekday workers report
more daily stressors, and (b) to test life course
and demographic characteristics of the workers
as moderators.


Method


Participants. Data came from adults who partic-
ipated in the NSDE, one of the in-depth modules
from the MIDUS study. The daily sample was
comprised of a random subsample of the MIDUS
study participants. Of the 1,242 MIDUS partici-
pants who were contacted to participate in the
Daily Experiences module, 1,031 agreed (83%).
Restricting the sample to married and employed
adults reduced the sample size to 495. After omit-
ting another 37 participants who had missing val-
ues for at least one covariate included in the
model, the final sample size for Study 2 was 458.


The demographic characteristics of the daily
sample were comparable to the Study 1 sample.
The majority of adults were Caucasian with at
least some college education. Average age was
44.75 years (SD ¼ 10.82). Median income was
$57,000 and individuals had been married for
22.33 years on average (SD ¼ 12.08). The aver-
age hours worked per week was 35.86 (SD ¼
17.26). Weekend workers (n ¼ 173) worked an
average of 3.27 (SD ¼ 5.18) hours per week on
the weekend.


Procedure. Approximately 8 months after par-
ticipating in the MIDUS study, respondents were
recruited to participate in the daily diary module.
Data collection took over 1 year and consisted of
40 separate flights of phone interviews; each
flight consisted of consecutive 8-day phone inter-
views of approximately 38 participants. Partici-
pants completed an average of seven of the
eight interviews, resulting in a total of 7,221 inter-
views. To control for the possible confounding
between day of study and day of week, the com-
mencement of interview flights was staggered
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across the day of the week. The telephone inter-
views included questions about daily experiences
(i.e., past 24 hours), mood, physical symptoms,
productivity, stressors, and time use.


Measures. To assess work schedules, on each
study day participants were asked how many
hours they worked during the previous 24 hours
but not when they worked that day. Therefore
we were only able to determine if individuals
worked on the weekends and not if they worked
at night. Thus, for the daily-level analyses, day-
time workers could only be compared with
adults who worked some weekend hours.


Daily stressors were assessed with the Daily
Inventory of Stressful Experiences (DISE; Al-
meida, Wethington, & Kessler, 2002), which
consists of a series of stem questions asking
whether certain types of stressors happened dur-
ing the previous 24 hours. Respondents were
asked questions, such as, ‘‘Since (this time/we
spoke) yesterday, did anything happen at work
or school that most people would consider stress-
ful?’’ If ‘‘yes,’’ the interviewer asked a series of
open-ended probe questions to obtain a descrip-
tion of the stressful event. That is, interviewers
acquired a short narrative of each stressor, in-
cluding the content, who was involved, and the
duration of the stressor. The narratives were then
content-coded, with j reliability for investigator
ratings that ranged from .66 to .95 across all co-
des. Daily stressors were dummy coded to indi-
cate whether individuals reported a particular type
of stressor — work, home, or spouse-related —
on a given day (0 ¼ no, 1 ¼ yes). Work stressors
included being late, being understaffed, and mak-
ing mistakes at work (M ¼ 0.12, SD ¼ 0.33).
Home stressors included, but were not limited to,
housework concerns, perceptions of not accom-
plishing enough at home, and burning dinner or
breaking something (M ¼ 0.08, SD ¼ 0.26).
Spouse-related stressors included having an argu-
ment with a spouse, avoiding an argument with
a spouse, or something happening to the spouse
that was stressful for the individual (M ¼ 0.09,
SD ¼ 0.29).


The same life course and background charac-
teristics that were examined in Study 1 were
examined in Study 2, except that in Study 2 work
hours were based on individuals’ reports of how
much time they spent working in the previous
24 hours (eight reports per individual). Hours
worked on Saturday and Sunday were summed
to create a weekend work hours variable.


Results


For the daily-level analyses, we investigated
whether there was a difference in the frequency
of three types of stressors — work, home, and
spouse-related — across 8 days between week-
day workers and weekend workers. Using SAS
PROC MIXED, we tested these associations by
including the same covariates in a series of linear
mixed models with day at Level 1 and person at
Level 2.


Of the three daily stressor variables, only
work- and spouse-related stressors differed by
weekend work status; therefore, Table 3 only
presents the results of these two models. Number
of work hours was a significant predictor of both
stressor variables: Longer work hours predicted
more work stressors but fewer spouse-related
stressors. Having a child aged 7 – 13 or having
a white-collar job (versus a blue-collar job) was
related to fewer work stressors. Between-person
analyses revealed that, even after controlling for
life course and background characteristics, week-
end workers reported more work stressors than
did weekday workers. Weekend work did not
directly predict daily spouse-related stressors
after including the controls.


As we did for Study 1, we examined which of
the eight (if any) covariates moderated the associ-
ation between work schedule and daily stressors,
and job type was the only significant moderator.
There were no differences in work stressors
between blue-collar weekend and weekday
workers (c ¼ .03, ns); however, white-collar
weekday workers reported fewer work stressors
than did white-collar weekend workers (c ¼
�.04, p , .05). Predicting spousal stressors,
there was no difference between weekday and
weekend white-collar workers (c ¼ �.001, ns),
but there was a difference between blue-collar
workers on different shifts (c ¼ �.06, p , .05):
Weekend blue-collar workers reported more
daily spousal stressors than did weekday blue-
collar workers.


Discussion


In Study 2, we further explored work and family
demands experienced by utilizing a novel
approach to studying work and family — diary
data collected over 8 consecutive days. Analyz-
ing stressors that occurred over a given week,
we found that weekend workers reported more
work stressors than did weekday workers, a find-
ing in line with Almeida’s (2004) work. These
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findings differed by type of job: White-collar
weekday workers reported fewer work stressors
than did white-collar weekend workers, and
blue-collar weekend workers reported more daily
spousal stressors than weekday blue-collar work-
ers. White-collar workers who only work during
the week may only work Monday through Friday
because they have fewer demands. Those with
more work demands and deadlines may need to
work at home or in the office on the weekend to
keep up. Or, if they are solely working on the
weekend, they may have more work stress given
the limited time to complete work tasks. This
finding may not be true for blue-collar workers
given that blue-collar work is often fixed term
and wage payroll rather than salary. Blue-collar
workers who have to work weekends may have
more spouse-related stressors due to when they
are working on the weekends or where they
have to work. White-collar work can often be
done at home, whereas blue-collar work may
not necessarily be done in close proximity to


the spouse. Being absent from the home may
precipitate more spouse-related stressors among
blue-collar workers when they have to work
weekends. More research looking at fluctua-
tions in work and home stressors at the daily
level, preferably with more differentiation
among the variety of work schedules (Presser,
2003), will be informative and supplement the
global assessments that have dominated the
field thus far.


GENERAL DISCUSSION


By replicating and extending work schedule
research, we found that night work can be partic-
ularly straining on a marriage, can create greater
permeability of negative moods and fatigue
between work and family, and can hinder positive
experiences from transferring to the home. Com-
pared to weekday work, working on the week-
ends was more stressful at work and at home
with their spouse, depending on job type.


Table 3. Coefficients From Multilevel Models Comparing Weekend and Weekday Workers on Daily Work and Spouse Stres-


sors Moderated by Type of Job and Marital Duration (n ¼ 458)


Variables


Work Stressors Spouse Stressors


Coeff. SE t-ratio Coeff. SE t-ratio


Intercept .10
y


.06 1.74 .08 .05 1.58


Age .001 .002 .39 �.001 .002 �.33


Gender
a �.01 .02 �.62 �.02 .01 �1.33


, HS education
b


.07
y


.03 1.96 .03 .03 .73


Graduated HS or GED
c


.02 .02 1.46 .01 .01 .77


Household income (log) .01 .01 .68 �.01 .01 �0.81


Race
d


.005 .03 .18 �.01 .02 �0.28


Children aged 0 – 6
e �.01 .02 �.41 �.01 .02 �0.33


Children aged 7 – 13
f �.04* .02 �2.43 �.003 .01 �0.21


Children aged 14 – 17
g �.02 .02 �1.07 .001 .02 .08


Marital duration �.001 .002 �.88 �.0004 .002 �.30


Work hours .002** .0005 3.23 �.001** .0004 �2.93


Job type
h �.08** .02 �3.24 .02 .02 .87


Spouse night shift
i


.02 .02 1.13 �.01 .01 �.77


Spouse weekend shift
j


.01 .02 .60 .02 .02 .93


Weekend shift
k �.04* .02 �2.29 �.001 .02 �.06


Weekend shift 3 job type .07* .03 2.38 �.06* .03 �2.07


Note:
a
Gender: 0 ¼ male, 1 ¼ female.


b
, HS education: 0 ¼ some college or more, 1 ¼ less than high school education.


c
Graduated HS or GED: 0 ¼ some college or more, 1 ¼ graduated from high school or obtained GED.


d
Race: 0 ¼ Caucasian,


1 ¼ other.
e
Any children 0 – 6: 0 ¼ no children 0 – 6, 1 ¼ has child or children 0 – 6.


f
Any children 7 – 13: 0 ¼ no children 7


– 13, 1 ¼ has child or children 7 – 13.
g
Any children 14 – 17: 0 ¼ no children 14 –17, 1 ¼ has child or children 14 – 17.


h
Job


type: 0 ¼ blue-collar, 1 ¼ white-collar.
i
Spouse night shift: 0 ¼ day shift, 1 ¼ night shift.


j
Spouse weekend shift: 0 ¼ day shift,


1 ¼ weekend shift.
k
Night shift: 0 ¼ day shift, 1 ¼ night shift.


l
Weekend shift: 0 ¼ day shift, 1 ¼ weekend shift.


y
p , .10. *p , .05. **p , .01.
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Although both studies provided more informa-
tion about the role of shift work in the work-
family connection, we outline strengths and
limitations of this study as well as provide ave-
nues for future investigation.


Strengths and Limitations


There were a number of strengths, including the
use of a national sample to represent workers of
various occupations and backgrounds and the
number of controls included in the analyses.
We were able to test moderation with demo-
graphic and life-stage characteristics to better
understand for whom perceptions of marital
instability or work-family spillover were greater
and for whom the frequency of daily stressors
was greater among adults with different work
schedules. Another strength was the consider-
ation of the bidirectionality of spillover by
including measures of work-family spillover
and family-work spillover. Without looking at
both spillover subscales, we might not have dis-
covered that for night workers, spillover occurs
in both directions. A final strength to mention is
the use of a daily diary method to capture the ebb
and flow of work and family stressors, a fairly
novel approach in the work schedule literature.


Unfortunately, only weekend and night shifts
were considered in comparison with the standard,
daytime shift, a limitation of the present analysis.
As Presser (2003) and others have shown, all
shifts, including afternoon, rotating, and varying,
need to be evaluated, as they tend to have differ-
ential associations with family life. Because these
data sets were not designed to examine work
schedules, we were only able to compare night,
weekend, and daytime work. Despite the fact that
shift schedule had to be crudely categorized in
both studies, a clear pattern emerged: Compared
with working daytime schedules, working non-
standard schedules had negative implications
for marriage, perceptions of work and family
influencing one another, and daily work and
spouse-related stressors.


A second limitation is the issue of self-report
bias, as only the participants’ perspective on
work-family spillover and marriage was ob-
tained. Including the spouses’ perceptions could
provide further insight into the processes associ-
ated with negative marital outcomes and experi-
ences of work-family spillover for shift workers.


Finally, Study 1 data were only cross-sectional.
Although Study 2 data were short-term longitudi-


nal data, a prospective, longitudinal study would
be beneficial in highlighting the antecedents and
consequences of shift work for marriage, work-
family spillover, and daily stressors.


CONCLUSION


With these limitations considered, research find-
ings such as these should be used to inform work-
place policies in businesses that rely on
nonstandard work hours, so that they may consider
the potential repercussions for the family that may
reverberate back to the workplace in the form of
reduced productivity or increased negativity. For
example, workplaces may consider allowing em-
ployees more flexibility on the weekends to
choose when they come in or to able to contact
their families while they are working. Doing so
may reduce work-related stressors for weekend
workers and may have positive benefits at work.
To better inform policy and meet the needs of em-
ployees, considering for whom and when in the
life course having a nonstandard schedule may
particularly straining is essential.


NOTE


The research reported in this article was supported by grants
from the MacArthur Foundation Research Network on Suc-
cessful Midlife Development and the National Institute on
Aging (AG19239).
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Background
� An estimated 21 million people in the United States, or nearly


1 in 5 members of the labor force, work shifts outside the
 normal work day (6 AM to 6 PM).1


— Shift workers are at approximately 3 times greater risk for
occupational accidents  compared with individuals who
work traditional daytime shifts.2


— Shift workers often experience chronic sleep problems and
are almost twice as likely to fall asleep at work compared
with individuals who work traditional daytime shifts.2


� Shift work disorder (SWD) is a circadian rhythm sleep
 disorder that can occur in people who work shifts during the
normal sleep period.3


— Key symptoms of SWD, excessive sleepiness and/or
 insomnia, are reported by up to 45% of shift workers.4


— It is estimated that 10% to 23% of shift workers have SWD.4,5


� Excessive sleepiness associated with SWD has been shown 
to impair patient functioning, such as overall global function,
alertness, cognition, and performance.4


� Armodafinil, the R- and longer-lasting isomer of modafinil,
significantly improves wakefulness in patients with excessive
sleepiness related to SWD as assessed by the Clinical Global
 Impression of Change (CGI-C)7 and the Karolinska  Sleepiness
Scale (KSS).8


� The current study examined the effect of armodafinil on
wakefulness and global functioning in patients with SWD.
This was, to our knowledge, the largest interventional study
ever conducted in patients with SWD. 


Methods
Study Design
� This was a 6-week, randomized, multicenter, double-blind,


placebo-controlled, parallel-group study evaluating armodafinil
150 mg in patients with SWD.
— Armodafinil or placebo was given 30 to 60 minutes before


the start of the night shift on nights worked.
— Armodafinil was titrated from 50 mg on the first 


night shift worked, to 100 mg on nights 2 and 3, and 
to 150 mg thereafter.


— Patient evaluations were conducted at baseline, 3 weeks,
and 6 weeks or final postbaseline visit.


� The tolerability analysis included all patients who received 
≥1 dose of study drug.


� The efficacy analysis included those in the tolerability analysis
with ≥1 postbaseline CGI-C assessment.7


� The study was conducted in compliance with the Good Clinical
Practice: Consolidated Guidance. Patients provided written
informed consent and an independent ethics committee or in-
stitutional review board at each center approved the protocol.


Population
Key Inclusion Criteria
� Aged 18 to 65 years
� Diagnosis of SWD (≥1 month) by International Classification


of Sleep Disorders, 2nd edition3 and Diagnostic and Statistical
Manual of Mental Disorders, 4th edition, Text Revision 
(DSM IV-TR)9


� Worked ≥5 night shifts per month between 10 PM and 8 AM
(≥6 hours in duration)


� Rating of at least “moderately ill” for excessive sleepiness (score
of ≥4 on the Clinical Global Impression of Severity of Illness)7


� Impaired patient function as shown by a score <70 on the
Global Assessment of Functioning (GAF) from the DSM IV-TR9


� A score of ≥6 (“some signs of sleepiness”) on the KSS8


Key Exclusion Criteria
� Obstructive sleep apnea (apnea/hypopnea index >5) or any


sleep disorder other than SWD
� Prior use of modafinil or armodafinil
� Other medications or conditions causing functional impairment


or contributing to excessive sleepiness


Assessments
Primary Efficacy Assessment
� The proportion of patients with at least minimal improvement of


clinical condition, as related to late-in-shift sleepiness (defined
as 4 AM to 8 AM), measured immediately after the shift by the
CGI-C at the final visit.
— CGI-C measures clinician-rated change in disease severity


from “very much improved” to “very much worse.”7


Secondary Efficacy Assessments
� The key secondary assessment was mean change in patient


 functioning, as measured by change from baseline in GAF
score at the final visit.
— GAF is a clinician-rated 0 to 100 scale measuring overall


psychological, social, and occupational functioning, with
higher scores indicating better functioning.9


� Other secondary assessments include mean change from
 baseline in late-in-shift KSS scores on the last night worked
(average of scores at 4, 6, and 8 AM) at Week 3 and Week 6 or
final visit.
— KSS is a patient-rated scale of sleepiness from 1 (very alert)


to 9 (very sleepy, great effort to stay awake, fighting sleep).8


� Tolerability was also assessed.


Statistical Analysis
� Continuous baseline characteristics and demographic


 variables were compared using analysis of variance (ANOVA)
with treatment as a factor. 


� Categorical variables were compared using a Pearson’s 
Chi-square test.


� The primary efficacy variable was analyzed using a 
Cochran-Mantel-Haenszel test controlling for baseline 
shift-work  duration. All tests were 2-tailed, at a significance
level of 0.05.


� Continuous secondary efficacy variables were analyzed by
analysis of covariance (ANCOVA) with treatment and baseline
shift-work duration as factors and baseline as a covariate. 


� Final-visit analysis used the last observation carried forward
methodology.


Results
Patients
� Of 383 randomized patients, 325 (85%) completed the study


(Figure 1).


� The most commonly represented occupations were in the fields
of healthcare, protective services, and transportation (Table 1).


� Baseline characteristics were similar between the 2 groups
(Table 1). 


Efficacy
� The proportion of patients with improved late-in-shift CGI-C


was significantly greater in the armodafinil group compared
with the placebo group at final visit, as well as at weeks 3 and
6 (P<0.0001 at all time points; Figure 2).
— More patients in the armodafinil group were rated as


“much improved” and “very much improved” compared
with placebo (Figure 3). 


� Functional improvement assessed by the GAF was also
 significantly greater in the armodafinil group compared with
the placebo group (P<0.0001 at all time points; Figure 4). 
— At the final visit, mean (SEM) change in GAF score for the


armodafinil group was 9.5 (0.67) compared with 5.2 (0.51)
for the placebo group.


� The decrease in late-in-shift subjective sleepiness, as assessed
using the KSS, was significantly greater in the armodafinil
group compared with the placebo group (P<0.0001 at all time
points; Figure 5).
— At the final visit, mean (SEM) change in late-in-shift KSS


score for the armodafinil group was  –2.9 (0.15) compared
with the placebo group –1.9 (0.15).


Safety and Tolerability
� The most common adverse events are shown in Table 2.


� One serious adverse event occurred during the study
(nephrolithiasis in a patient in the placebo group).


� The most common adverse events leading to discontinuation
were headache (n=5 [3%] in the armodafinil group and 
n=1 [<1%] in the placebo group) and nausea (n=3 [2%] in
the armodafinil group).


Patients enrolled
(N=383)


Armodafinil, n (%)
Assessed for tolerability, 184 (95)


Assessed for efficacy, 177 (92)


Patients completed, n (%)
158 (82)


Discontinued, n (%): 35  (18)
Adverse event: 9  (5)
Lack of efficacy: 0
Withdrew consent: 7  (4)
Protocol violation: 7  (4)
Lost to follow-up: 6  (3)
Procedural noncompliance: 1  (<1)
Medication noncompliance: 1  (<1)
Other: 4  (2)


Placebo, n (%)
Assessed for tolerability, 187 (98)


Assessed for efficacy, 182 (96)


Patients completed, n (%)
167 (88)


Discontinued, n (%): 23  (12)
Adverse event: 1  (<1)
Lack of efficacy: 1  (<1)
Withdrew consent: 2  (1)
Protocol violation: 6  (3)
Lost to follow-up: 4  (2)
Procedural noncompliance: 1  (<1)
Medication noncompliance: 1  (<1)
Other: 7  (4)


Randomized, not treated
(n=12)


Figure 1. Patient Disposition
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CGI-C, Clinical Global Impression of Change.


Figure 3. Late-in-Shift CGI-C Ratings at Final Visit
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GAF, Global Assessment of Function Scale; SEM, standard error of the mean.


Figure 4. Change From Baseline in GAF 
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Figure 5. Change From Baseline in Late-in-Shift 
                      KSS Scores


Table 1.  Baseline Patient Demographics and 
                   Clinical Characteristics 


                              Armodafinil    Placebo
Characteristic                                    (n=193)         (n=190)


Age, years; mean (SD)                               36.7 (10.71)  36.1 (10.75)


Female, n (%)                                    85 (44)            90 (47)


Race, n (%) White                      128 (66)         141 (74)
Black                        50 (26)         42 (22)
Asian                          15 (8)              4 (2)
Other                             0                   3 (2)


BMI, kg/m2; mean (SD)                                 28.6 (5.73)     28.3 (5.23)


Duration of shift;a n (%) ≤9 h                         132 (68)         147 (77)
>9 h                         60 (31)         43 (23)


Job status, n (%) Full time                 182 (94)         181 (95)
Part time                  11 (6)              9 (5)


Type of shift work, n (%)
Permanent shift worker                                 182 (94)         175 (92)
Rotating shift worker                                     11 (6)              15 (8)


Patients’ occupations, n (%)
Healthcare practitioner and technical      25 (13)         31 (16)
Protective services                                   24 (12)         32 (17)
Healthcare support                                   22 (11)            15 (8)
Transportation and material moving        19 (10)         21 (11)
Office and administrative support               15 (8)              15 (8)
Sales and related                                     13 (7)              13 (7)
Management                                     12 (6)              13 (7)
Manufacturing                                     10 (5)              5 (3)
Other                                   53 (28)         45 (23)


CGI-S rating, n (%) 
Moderately ill                                   111 (58)           96 (51)
Markedly ill                                   63 (33)           55 (29)
Severely ill                                     18 (9)             39 (21)
Among the most extremely ill                    1 (<1)                0


GAF score, mean (SD)                                 63.1 (4.28)     62.7 (4.39)


KSS score, mean (SD)                                  7.4 (0.92)       7.5 (0.82)
aData not available for 1 patient receiving armodafinil.


BMI, body mass index; CGI-S, Clinical Global Impression of Severity of Illness; GAF, Global
Assessment of Function; KSS, Karolinska Sleepiness Scale; SD, standard deviation.


Table 2. Adverse Events Reported in ≥5% of Patients 
                   Receiving Armodafinil and More Frequently
                   Than in Patients Receiving Placebo


                         Armodafinil         Placebo
Adverse Event, n (%)                              (n=184)             (n=187)


Headache                              28 (15)                13 (7)


Nausea                              20 (11)                7 (4)


Insomnia                                12 (7)                   3 (2) 


Acknowledgements: This study was sponsored by Cephalon, Inc., Frazer, PA. Funding for editorial, design, and production support was provided by Cephalon, Inc., to the Curry Rockefeller Group, LLC, Tarrytown, NY.


Conclusions
� In this large study of patients working actual night shifts, armodafinil significantly improved shift-workers’ wakefulness


late in shift during the critical circadian nadir period from 4 AM to 8 AM, as measured by the CGI-C and KSS.
� Armodafinil significantly improved functional status, as measured by the GAF.
� Armodafinil was generally well tolerated. No new safety signals were identified during this study.
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Figure 2. Proportion of Patients With Improvement 
                     in Late-in-Shift CGI-C 
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1.0 INTRODUCTION


THIS PRACTICE PARAMETER PAPER IS WRITTEN AS A 
COMPANION ARTICLE TO THE TWO ACCOMPANYING 
REVIEW ARTICLES ON CIRCADIAN RHYTHM SLEEP dis-
orders (CRSDs) authored by a task force of experts convened 
by the American Academy of Sleep Medicine (AASM).1,2 The 
companion review papers summarize the peer-reviewed scientific 
literature published through October 2006. The authors of the re-
view papers evaluated the evidence presented by the reviewed 
studies according to the Oxford System for Evidence-Based Med-
icine3 http://www.cebm.net/index.aspx?o=1025. Using this infor-
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The expanding science of circadian rhythm biology and a growing literature 
in human clinical research on circadian rhythm sleep disorders (CRSDs) 
prompted the American Academy of Sleep Medicine (AASM) to convene 
a task force of experts to write a review of this important topic. Due to the 
extensive nature of the disorders covered, the review was written in two 
sections. The first review paper, in addition to providing a general introduc-
tion to circadian biology, addresses “exogenous” circadian rhythm sleep 
disorders, including shift work disorder (SWD) and jet lag disorder (JLD). 
The second review paper addresses the “endogenous” circadian rhythm 
sleep disorders, including advanced sleep phase disorder (ASPD), de-
layed sleep phase disorder (DSPD), irregular sleep-wake rhythm (ISWR), 
and the non–24-hour sleep-wake syndrome (nonentrained type) or free-
running disorder (FRD). These practice parameters were developed by 
the Standards of Practice Committee and reviewed and approved by the 
Board of Directors of the AASM to present recommendations for the as-
sessment and treatment of CRSDs based on the two accompanying com-
prehensive reviews. The main diagnostic tools considered include sleep 
logs, actigraphy, the Morningness-Eveningness Questionnaire (MEQ), 
circadian phase markers, and polysomnography. Use of a sleep log or 
diary is indicated in the assessment of patients with a suspected circa-
dian rhythm sleep disorder (Guideline). Actigraphy is indicated to assist in 
evaluation of patients suspected of circadian rhythm disorders (strength 
of recommendation varies from “Option” to “Guideline,” depending on the 
suspected CRSD). Polysomnography is not routinely indicated for the 
diagnosis of CRSDs, but may be indicated to rule out another primary 
sleep disorder (Standard). There is insufficient evidence to justify the use 
of MEQ for the routine clinical evaluation of CRSDs (Option). Circadian 


phase markers are useful to determine circadian phase and confirm the 
diagnosis of FRD in sighted and unsighted patients but there is insuf-
ficient evidence to recommend their routine use in the diagnosis of SWD, 
JLD, ASPD, DSPD, or ISWR (Option). Additionally, actigraphy is use-
ful as an outcome measure in evaluating the response to treatment for 
CRSDs (Guideline). A range of therapeutic interventions were considered 
including planned sleep schedules, timed light exposure, timed melatonin 
doses, hypnotics, stimulants, and alerting agents. Planned or prescribed 
sleep schedules are indicated in SWD (Standard) and in JLD, DSPD, 
ASPD, ISWR (excluding elderly-demented/nursing home residents), and 
FRD (Option). Specifically dosed and timed light exposure is indicated 
for each of the circadian disorders with variable success (Option). Timed 
melatonin administration is indicated for JLD (Standard); SWD, DSPD, 
and FRD in unsighted persons (Guideline); and for ASPD, FRD in sighted 
individuals, and for ISWR in children with moderate to severe psychomo-
tor retardation (Option). Hypnotic medications may be indicated to pro-
mote or improve daytime sleep among night shift workers (Guideline) and 
to treat jet lag-induced insomnia (Option). Stimulants may be indicated to 
improve alertness in JLD and SWD (Option) but may have risks that must 
be weighed prior to use. Modafinil may be indicated to improve alertness 
during the night shift for patients with SWD (Guideline).
Keywords: Circadian, light therapy, melatonin, naps, jet lag, shift work
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mation and a system described by Eddy4 (i.e., Standard, Guide-
line, or Option), the Standards of Practice Committee (SPC) and 
Board of Directors of the AASM determined levels of treatment 
recommendation presented in the practice parameters below. The 
purpose of the present document is to provide evidence-based rec-
ommendations for the assessment and treatment of CRSDs.


Due to the large volume of relevant literature, the review was 
divided into two papers. One discussed shift work disorder (SWD) 
and jet lag disorder (JLD), both of which are thought to be related 
to exogenously determined alterations in the timing of sleep and 
wakefulness rather than disturbances of the endogenous circadian 
system itself. A second paper discussed circadian rhythm sleep 
disorders that are considered to result from a primary endogenous 
cause, including advanced sleep phase disorder (ASPD), delayed 
sleep phase disorder (DSPD), free-running disorder (FRD), and 
irregular sleep-wake rhythm disorder (ISWR). The categorization 
of CRSDs in the two review papers and this practice parameter pa-
per follows the classification provided by the International Clas-
sification of Sleep Disorders, 2nd edition (ICSD-2),5 with some 
simplification of terminology. We acknowledge that while the dis-
orders are classified as endogenous or exogenous, the physiologic 
underpinnings of each disorder are not so surgically separated. In 
reality, combinations of endogenous and exogenous factors lead 
to the manifestations of each disorder.


Based upon the accompanying review papers and systematic 
grading of this evidence, members of the SPC developed these 
practice parameters as a guide to the appropriate assessment and 
treatment of CRSDs. The task force did not intensively review 
the role of actigraphy in the diagnosis of CRSDs since a recently 
published updated practice parameter paper addresses the use of 
actigraphy.6 To provide a succinct yet comprehensive parameter 
paper, key recommendations from the recently published actig-
raphy parameter paper regarding the use of actigraphy in CRSDs 
are repeated here. In addition, where appropriate, recommenda-
tions regarding the use of light therapy in the treatment of CRSDs 
are presented here as an update of the prior practice parameter 
paper on the use of light therapy.7


2.0 METHODS


The SPC of the AASM commissioned content experts in circadi-
an rhythm sleep disorders in 2005 to review and grade evidence in 
the peer-reviewed scientific literature regarding the assessment and 
treatment of circadian rhythm disorders. An extensive review de-
signed to find relevant published evidence retrieved 2084 articles, 


and is described in detail in the review paper.1 Abstracts of these 
articles were reviewed by task force members to determine if they 
met inclusion criteria. Initial data extraction, preliminary evidence 
grading in accordance with the standards in Table 1, and initial data 
entry into evidence tables were performed by professionals con-
tracted by the SPC to expedite the review process. All evidence 
table entries were reviewed by at least one other task force member. 
Thus, all evidence grading was performed by independent review 
of the article by a minimum of two experts–one, a professional ex-
perienced in the evidence review process, and the other a content 
expert. Areas of disagreement were addressed, and if needed, the 
chair of the task force arbitrated the final decision on evidence lev-
el. Final summaries of information from included articles are listed 
in an evidence table available at http://www.aasmnet.org/.


On the basis of these reviews and noted references, the Stan-
dards of Practice Committee of the American Academy of Sleep 
Medicine (AASM), in conjunction with specialists and other in-
terested parties, developed the recommendations included in this 
practice parameters paper related to the evaluation and therapy 
of CRSDs.


In most cases, the strength of the recommendation is based on 
evidence from studies published in peer-reviewed journals that 
were evaluated as noted in the evidence table of the companion 
review papers. However, when scientific data were absent, insuf-
ficient, or inconclusive, the recommendations are based upon 
consensus after review and discussion by the SPC. Those recom-
mendations for which consensus formed the main basis for the 
recommendation are specifically indicated.


The Board of Directors of the AASM approved these recom-
mendations. All authors of the accompanying review paper, mem-
bers of Standards of Practice Committee, and the AASM Board of 
Directors completed detailed conflict-of-interest statements.


These practice parameters define principles of practice that 
should meet the needs of most patients in most situations. These 
guidelines should not, however, be considered inclusive of all prop-
er methods of care or exclusive of other methods of care reasonably 
expected to obtain the same results. The ultimate judgment regard-
ing appropriateness of any specific therapy must be made by the 
clinician and patient, in light of the individual circumstances pre-
sented by the patient, available diagnostic tools, accessible treat-
ment options, resources available, and other relevant factors.


The AASM expects these guidelines to have a positive impact on 
professional behavior, patient outcomes, and possibly, health care 
costs. These practice parameters reflect the state of knowledge at 
the time of development and will be reviewed, updated, and revised 


Table 1—Levels of Evidence:


Level Risk/ Assessment Treatment
1 Validating1 cohort with well-validated reference standards2 High quality randomized controlled trial (RCT) on well-character-


ized subjects or patients 
2 Smaller or “exploratory” cohort study or one that has Cohort study or flawed clinical trial (e.g., small N, blinding not
 incompletely validated reference standards2 specified, possible non-random assignment to treatment, incom-


pletely validated reference standards2)
3 Case control study or cross-sectional survey Case control study
4 Case series (and poor quality cohort and case control studies) Case series (and poor quality cohort and case control studies)


1. Validating studies test the quality of a specific diagnostic test, based on prior evidence.
2. Reference standards: PSG, sleep logs, actigraphy, phase markers, validated self-reports.
Oxford levels adapted from Sackett8
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as new information becomes available. Each article entered in the 
evidence tables of the companion review paper was evaluated us-
ing the Standards of Practice Committee’s levels of evidence (Table 
1). This evidence is used to support the strength of the recommen-
dations (Table 2) in this paper. Square-bracketed numbers in this 
paper refer to sections, tables, or references in the accompanying 
review papers. Other citations, noted by superscripted numbers, re-
fer to the reference list at the end of this paper.


3.0 RESULTS AND RECOMMENDATIONS


The following recommendations reflect the evidence regarding 
the diagnosis and treatment of CRSDs in clinical practice obtained 
from the two accompanying reviews. For brevity, the findings and 
recommendations are summarized in Table 3. Specific details are 
reviewed in the practice parameters below.


3.1 General Recommendations for Evaluation of Circadian Rhythm 
Sleep Disorders


3.1.1 Use of a sleep log or diary is indicated in the assessment of 
patients with a suspected CRSD. (Guideline)


This recommendation was determined by inclusion of the use 
of sleep logs in the International Classification of Sleep Disor-
ders, 2nd Edition (ICSD-2)5 diagnostic criteria for all CRSDs ex-
cept jet lag. This recommendation was additionally supported by 
consensus opinion of the AASM SPC committee.


3.1.2 Actigraphy is indicated to assist in evaluation of patients 
suspected of CRSDs, including irregular sleep-wake disorder 
(ISWR), free-running disorder (FRD) (with or without blindness) 
(Option), and in advanced sleep phase disorder (ASPD), delayed 
sleep phase disorder (DSPD), and shift work disorder (SWD). 
(Guideline)


This recommendation reiterates the recently updated practice pa-
rameter paper on the use of actigraphy.6 Here, we indicate specific 
disorders. There is generally good agreement among studies show-
ing that actigraphy data correlate with polysomnography (when 
used), sleep logs, and markers of circadian phase in patients with 
circadian rhythm sleep disorders, with the conditions indicated.


3.1.3 Actigraphy is useful as an outcome measure in evaluating 
the response to treatment for CRSDs. (Guideline)


This recommendation is unchanged from the recently updated 
practice parameter paper on the use of actigraphy.6 This prior 
practice parameter paper and accompanying review provided evi-


dence that changes in actigraphy measures are in agreement with 
other outcome measures in the assessment of response to inter-
vention in patients with CRSDs.


3.1.4 There is insufficient evidence to recommend the routine use 
of the Morningness-Eveningness Questionnaire (MEQ) for the 
clinical evaluation of CRSDs. (Option)


Information regarding evidence for utility of MEQ in specific 
CRSDs is discussed under the disorder headings in the section 
below.


3.1.5 Circadian phase markers are useful to determine circadian 
phase and confirm the diagnosis of FRD in sighted and unsighted 
patients but there is insufficient evidence to recommend their routine 
use in the diagnosis of SWD, JLD, ASPD, DSPD, or ISWR. (Option)


Information regarding evidence for specific CRSDs is dis-
cussed under the disorder headings in the section below.


3.1.6 Polysomnography is indicated to rule out another primary 
sleep disorder in patients with symptoms suggestive of both a 
CRSD and another primary sleep disorder, but is not routinely 
indicated for the diagnosis of CRSDs. (Standard)


This recommendation reiterates the recently updated practice 
parameter paper on the indications for polysomnography and 
related procedures.10 Polysomnography may be indicated when 
considering a diagnosis of a CRSD to exclude other potential 
causes for sleep related complaints. For example, shift workers 
with hypersomnia may have both suspected obstructive sleep 
apnea and clinical characteristics consistent with shift work dis-
order. In this event, PSG is indicated to evaluate and establish 
appropriate therapy for OSA.


3.2 Recommendations for Evaluation and Treatments of Circadian 
Rhythm Sleep Disorders


3.2.1 Shift Work Disorder


Shift work refers to non-standard work schedules, including 
permanent or intermittent night work, early morning work, and 
rotating schedules. An estimated 20% of U.S. workers are in-
volved in some form of shift work. The percentage of workers 
who meet criteria for the diagnosis of shift work disorder (SWD) 
(i.e., development of sleep disturbances and impairment of wak-
ing alertness and performance) is unclear, and there appear to 
be individual differences in susceptibility to SWD (phase toler-
ance).


Table 2— AASM Levels of Recommendations


Strength of Recommendation Definition
Standard This is a generally accepted patient-care strategy that reflects a high degree of clinical certainty. 


The term standard generally implies the use of Level 1 Evidence, which directly addresses the 
clinical issue, or overwhelming Level 2 Evidence.


Guideline This is a patient-care strategy that reflects a moderate degree of clinical certainty. The term guide-
line implies the use of Level 2 Evidence or a consensus of Level 3 Evidence. 


Option This is a patient-care strategy that which reflects uncertain clinical use. The term option implies 
either inconclusive or conflicting evidence or conflicting expert opinion.
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Table 3— Summary of Recommendations


Evaluation Tools Shift Work 
Disorder


Jet Lag 
Disorder


Advanced Sleep 
Phase Disorder


Delayed Sleep 
Phase Disorder


Free Running 
Disorder


Irregular Sleep-
Wake Rhythm 


Polysomnography Not Routinely 
Indicated 


(Standard)


Not Routinely 
Indicated 


(Standard)


Not Routinely 
Indicated 


(Standard)


Not Routinely 
Indicated 


(Standard)


Not Routinely 
Indicated 


(Standard)


Not Routinely 
Indicated 


(Standard)


Morningness-
Eveningness 
Questionnaire 
(MEQ)


Insufficient 
evidence to 
recommend 


(Option)


Insufficient 
evidence to 
recommend 


(Option)


Insufficient 
evidence to 
recommend 


(Option)


Insufficient 
evidence to 
recommend 


(Option)


Insufficient 
evidence to 
recommend 


(Option)


Insufficient 
evidence to 
recommend 


(Option)


Circadian phase 
markers


Insufficient 
evidence to 
recommend 


(Option)


Insufficient 
evidence to 
recommend 


(Option)


Insufficient 
evidence to 
recommend 


(Option)


Insufficient 
evidence to 
recommend 


(Option)


Indicated
(Option)


Insufficient 
evidence to 
recommend 


(Option)


Actigraphy for 
diagnosis


Indicated 
(Option)


Not routinely 
indicated 
(Option)


Indicated 
(Guideline)


Indicated 
(Guideline)


Indicated 
(Option)


Indicated 
(Option)


Actigraphy for 
response to 
therapy


Indicated 
(Guideline)


Indicated 
(Guideline)


Indicated 
(Guideline)


Indicated 
(Guideline)


Indicated 
(Guideline)


Indicated 
(Guideline)


Sleep log or 
diary


Indicated 
(Guideline)


Indicated 
(Guideline)


Indicated 
(Guideline)


Indicated 
(Guideline)


Indicated 
(Guideline)


Indicated 
(Guideline)


Therapy


Planned Sleep 
Schedules


Indicated 
(Standard)


Indicated 
(Option)


Indicated 
(Option)


Indicated 
(Option)


Indicated 
(Option)


Mixed modality 
indicated (Option/


Guideline)*


Timed Light 
Exposure


Indicated 
(Guideline)


Indicated 
(Option)


Indicated 
(Option)


Indicated 
(Guideline)


Indicated 
(Option)


Indicated 
(Option)


Timed Melatonin 
Administration


Indicated 
(Guideline)


Indicated 
(Standard)


Indicated 
(Option)


Indicated 
(Guideline)


Indicated Sighted


(Option)
Indicated Unsighted 


(Guideline)


Indicated 
for certain 
population# 


(Option) 


Hypnotics Indicated 
(Guideline)


Indicated 
(Option)


- Not Recommended 
(Option)


- -


Stimulants Indicated Caff 
(Option)


Indicated 
(Option)


- - - -


Alerting Agents9 Indicated 
(Guideline)


- - - - -


* Mixed modality therapy may be effective in elderly-demented/Nursing Home ISWR patients (Guideline) or those with moderate to severe mental 
retardation (Option)
#Timed melatonin may be effective in those with moderate to severe mental retardation, but is not recommended at present for elderly-demented/
Nursing Home patients (Option)
Caff = caffeine; Sighted=sighted persons; Unsighted=unsighted persons; - = no recommendation formulated due to lack of evidence.
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3.2.1.1 Both the Morningness-Eveningness Questionnaire (MEQ) 
and measurement of circadian phase markers (e.g., core body 
temperature nadir or timing of melatonin secretion) are at present 
of unproved usefulness in evaluation of patients with suspected 
SWD. [6.3.2; 6.3.5] (Option)


One level 3 study11 showed that the Morningness-Eveningness 
Questionnaire (MEQ) score did not reliably predict an individ-
ual’s adaptability to perform shift work. Another level 312 study 
demonstrated that morning-type individuals may be significantly 
sleepier than evening-type persons during simulated night shift 
work. One level 213 and two level 314,15 studies have utilized tim-
ing of melatonin rhythm (urinary aMT6s, DLMO) to evaluate 
phase shift among night shift workers; results from these studies 
have varied ranging from an absence of phase shifts to complete 
adaptation. Using mathematical de-masking algorithms, core 
body temperature minimum (CBTmin) has been used in several 
simulated shift work studies to evaluate phase shifting;16-20 its ap-
plication in the field appears limited. While these measures have, 
for the most part, been used in simulated shift work studies, there 
are no trials evaluating the diagnostic accuracy of these tests in 
clinical practice.


3.2.1.2 Planned napping before or during the night shift is 
indicated to improve alertness and performance among night shift 
workers. [6.4.1] (Standard)


One level 1,21 two level 2,22,23 one level 3,24 and one level 425 
studies utilizing both shift work laboratory simulation and field 
investigations have shown that napping, including early pre-shift 
sleep periods, increased alertness and vigilance, improved reac-
tion times, and decreased accidents during night shift work, with-
out affecting post-shift daytime sleep.


3.2.1.3 Timed light exposure in the work environment and light 
restriction in the morning, when feasible, is indicated to decrease 
sleepiness and improve alertness during night shift work. [6.4.2.1] 
(Guideline)


One level 226, five level 311,27-30 and one level 431 studies, utiliz-
ing different light intensities (2,350 to 12,000 lux) administered 
in various schedules (20 minutes during breaks; four 20-minute 
periods throughout the night shift; 30 minute exposures; at least 
50% of the shift; during the first half of the shift; or as long as pos-
sible during the shift; and with or without restriction of daytime 
light exposure using goggles) have demonstrated subjective im-
provements in work time performance tasks, alertness, and mood 
compared to ordinary light exposure. Some studies, but not oth-
ers, have also shown shifts in certain phase markers of circadian 
rhythms (e.g., salivary melatonin, CBTmin), and improvements 
in daytime sleep.


3.2.1.4 Administration of melatonin prior to daytime sleep is 
indicated to promote daytime sleep among night shift workers. 
[6.4.2.2] (Guideline)


Results from two level 132,33 shift work simulation studies, as 
well as one level 1,34 three level 235-37 and one level 338 field stud-
ies among night workers were analyzed. Compared to placebo, 
melatonin administration prior to daytime sleep after night work 


shift improved daytime sleep quality and duration, caused a shift 
in circadian phase in some but not all subjects, but failed to en-
hance alertness at night. Melatonin doses in these studies ranged 
from 0.5 to 10 mg. From these data, effectiveness did not appear 
to correlate with dosage strength or form. However, both level 1 
simulation studies showed a positive effect on sleep quality and 
used dosages ranging from 1.8 to 3 mg.


3.2.1.5 Hypnotic medications may be used to promote daytime 
sleep among night shift workers. Carryover of sedation to 
the nighttime shift with potential adverse consequences for 
nighttime performance and safety must be considered. [6.4.2.3] 
(Guideline)


This recommendation is based on both night shift simulation 
experiments (two level 1 studies using triazolam39,40 and one 
level 2 study of temazepam41) and night shift field investiga-
tions (one level 142 and one level 243 study of zopiclone, and 
one level 344 study of triazolam). These studies have generally 
demonstrated improvements in the duration and quality of day-
time sleep compared to controls but without consistent effects 
on objective measures of nighttime alertness. Although the evi-
dence for a positive effect on daytime sleep is strong (favoring 
a “Standard” strength recommendation), the balance of risk and 
benefit for shift workers is less clear. The clinician should con-
sider that such medications might worsen other coexisting sleep 
conditions such as sleep related breathing disorders, and take 
care to individualize therapy and monitor for adverse effects by 
close follow-up.


3.2.1.6 Modafinil is indicated to enhance alertness during the night 
shift for SWD. [6.4.2.4] (Guideline)


Caffeine is indicated to enhance alertness during the night shift 
for SWD. [6.4.2.4] (Option)


Studies (field or simulated shift work) using psychostimulants, 
such as modafinil (two level 1)9,45 caffeine (one level 1),21 and 
methamphetamine (one level 2)46 for SWD have demonstrated ef-
ficacy in countering sleepiness and improving psychomotor per-
formance during the night shift compared to placebo. Modafinil 
and caffeine in medical doses have established safety records, so 
in most cases when enhanced alertness is necessary, the benefits 
outweigh the risks for this application. However, the practitioner 
needs to take care when using alerting or stimulant agents that 
they do not impair daytime sleep periods. Furthermore, although 
methamphetamine has also been shown to have efficacy in im-
proving sleepiness, the evidence is less strong, and chronic use of 
methamphetamine can be associated with significant abuse liabil-
ity. Finally, stimulants have not been shown to be a safe substitute 
for adequate sleep.


3.2.2 Jet Lag Disorder


Jet lag disorder (JLD) is a temporary circadian rhythm disorder 
related to travel across time zones in which there is a misalign-
ment between the timing of the sleep and wake cycles generated 
by the endogenous circadian clock and that required in the new 
time zone. Associated symptoms occur within one to two days 
after travel, and include a complaint of insomnia or excessive 
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daytime sleepiness and may also include general malaise, somatic 
symptoms, or other impairments of daytime function.


3.2.2.1 There is insufficient evidence to recommend the routine 
use of actigraphy, polysomnography, or measurement of circadian 
phase markers in the evaluation of jet lag disorder. [7.3] (Option)


The diagnosis of JLD is made based on subjective complaints 
in the context of travel across multiple time zones.5 As described 
in the accompanying review paper, only one questionnaire (Co-
lumbian Jet Lag Scale) designed to assess the presence and sever-
ity of JLD has been validated (level 1).47 This questionnaire is not 
yet used routinely in clinical settings. Actigraphy has been used in 
several studies of JLD, but only one study attempted to validate 
actigraphy as a measure of JLD-related changes in the rest-activ-
ity cycle (level 1).48 Polysomnography has been primarily used in 
the laboratory setting in studies of simulated JLD, and is generally 
not felt to be practical in the clinical evaluation of JLD. Circadian 
phase markers (including skin and core body temperature; sali-
vary and urinary melatonin; salivary, urinary and plasma cortisol; 
and plasma growth hormone and thyroid stimulating hormone 
levels) have been used in studies of JLD, generally as measures 
of phase response to treatments. However, the role of circadian 
markers in clinical practice is unclear.


3.2.2.2 When time at destination is expected to be brief (i.e., 
two days or less), keeping home-based sleep hours, rather than 
adopting destination sleep hours, may reduce sleepiness and jet 
lag symptoms. [7.4.1] (Option)


One level 2 study compared keeping home-base sleep hours 
versus adopting destination sleep hours during a two-day layover 
after a 9-hour westward flight, and found that the group that kept 
home-base sleep hours experienced less sleepiness and jet lag 
symptoms.49 However, in that study, keeping home-base sleep 
hours was associated with a longer awake period from last lay-
over sleep to first recovery sleep following the return flight, and 
one third of subjects expressed a preference for adopting destina-
tion sleep hours.


3.2.2.3 The combination of morning exposure to bright light and 
shifting the sleep schedule one hour earlier each day for three 
days prior to eastward travel may lessen symptoms of jet lag. 
[7.4.2.1] (Option)


In one level 2 simulation study, subjects were phase shifted in 
the laboratory in anticipation of eastward travel by the combi-
nation of adjusting their sleep schedule one hour earlier per day 
for three days, plus 3.5 hours of bright light (>3000 lux) expo-
sure (continuously or intermittently), resulting in DLMO phase 
advance with both bright light conditions and fewer JLD symp-
toms in the continuous bright light group50 Another level 2 field 
study of light treatment (3000 lux) for 3 hours (compared to dim 
red light) at 19:00 destination time for two evenings following a 
westward flight (Zurich to New York) found a greater phase delay 
in DLMO with bright light, but no significant differences in sleep 
or other performance measures, including a scale of JLD symp-
toms.51 Although these measures appear to have a positive effect 
on JLD symptoms, studies on patient populations using intention 
to treat analysis are lacking. Such analyses are particularly salient 


because the regimen requires significant diligence on the part of 
the patient.


3.2.2.4 Melatonin administered at the appropriate time is indicated 
to reduce symptoms of jet lag and improve sleep following travel 
across multiple time zones. [7.4.2.2] (Standard)


The accompanying review identified 12 double-blind, pla-
cebo-controlled field trials of melatonin. The dose of melatonin 
ranged from 0.5 to 10 mg, administered at bedtime, for up to 
3 days prior to departure and up to 5 days upon arrival at the 
destination. Two level 152,53and four level 254-57 studies demon-
strated improvement in JLD symptoms with melatonin admin-
istration. Conversely, one level 147 study did not demonstrate 
improvement in JLD symptoms with melatonin, and another 
level 258 study found melatonin was more effective than placebo 
during the first 3 days post-travel, but after 3 additional days 
melatonin lost its advantage. Four level 152,53,59,60 and one level 
261 studies found that melatonin administered following travel 
improves the duration and quality of sleep, based on both sub-
jective and objective measures of sleep. In addition, one level 2 
study62 found that melatonin accelerated entrainment of cortisol 
rhythms to the new time zone, and another level 2 study61 found 
that melatonin accelerated circadian entrainment based on oral 
temperature rhythms.


Although the majority of studies involved use of melatonin for 
eastward travel, two level 2 studies56,57 found improvements in 
JLD scores and sleep in participants after westward travel cross-
ing 12 or more time zones.


The most effective dose of melatonin for JLD is unclear. One 
level 1 study53 found 5 mg immediate-release melatonin to be 
more effective at relieving symptoms of JLD compared to a 2 mg 
slow-release formulation, but it was only marginally more effec-
tive than a 0.5 mg immediate-release formulation. These results 
suggest that immediate-release formulations in doses of 0.5 to 
5 mg may be effective at relieving JLD symptoms. Melatonin 
preparations are not regulated by the Food and Drug Administra-
tion. However, the medical literature has not produced evidence 
of significant risk derived from its use. Thus, the benefits are well 
supported, and the risks seem low.


3.2.2.5 Short-term use of a benzodiazepine receptor agonist 
hypnotic is indicated for the treatment of jet lag-induced insomnia, 
but potential adverse effects must be considered, and effects on 
daytime symptoms of jet lag disorder have not been adequately 
addressed. [7.4.2.3] (Option)


Three level 152,60,63 and six level 264-69 studies tested the use of 
hypnotic agents for JLD-induced insomnia. Four studies involved 
use of traditional benzodiazepine hypnotics. One level 2 study69 
found that temazepam 10 mg had little effect on JLD symptoms, 
sleep quality, or circadian entrainment following westward travel. 
However in another level 2 study,66 temazepam 20 mg improved 
subjective sleep quality following eastward travel, but sleep and 
circadian measures did not improve. One level 2 study68 involv-
ing use of midazolam found improvements in subjective sleep 
following eastward travel. Finally, one level 2 simulation study64 
designed to mimic westward travel found that triazolam was 
not different from placebo in sleep efficiency or total sleep time 
(measured by PSG).
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Five studies used one of the newer non-benzodiazepine hypnot-
ics. One large level 1 study63 found that zolpidem 10 mg adminis-
tered at bedtime for 3–4 nights following eastward travel across 5–9 
time zones improved self-reported total sleep time and sleep qual-
ity, and reduced awakenings from sleep; however daytime symp-
toms of JLD were not addressed. Another level 2 study65 found that 
zopiclone 7.5 mg given at bedtime improved sleep duration (mea-
sured by actigraphy) for the four post-flight days following a 5-hour 
westward flight. Daytime activity was also greater, but subjective 
JLD scores were not improved (compared to placebo).


Two studies compared a non-benzodiazepine hypnotic with 
melatonin or placebo following eastward travel. One large level 
1 study52 found that zolpidem 10 mg administered during a night 
flight and for 4 days after arrival following eastward travel across 
6–9 time zones was significantly better than melatonin 5 mg (or 
placebo) in counteracting JLD symptoms, and better at achieving 
self-reported sleep duration and self-reported sleep quality (but 
not verified by actigraphy). In this study, a group receiving zolpi-
dem plus melatonin did not report better sleep or better JLD scores 
than the zolpidem alone group. Another level 1 study60 found that 
zopiclone 15 mg (compared to melatonin 2 mg or placebo) ad-
ministered for one night only after arrival found that zopiclone 
and melatonin were equally effective at improving both subjec-
tive and objective (actigraphy) sleep duration and quality. Other 
symptoms of JLD were not assessed.


One small level 2 study of simulated eastward 8 hour time 
shift67 compared zolpidem 10 mg (versus placebo) given at the 
new bedtime on the first two nights following the shift with the ef-
fects of continuous bright light exposure (versus dim light) upon 
awakening on the day of the advance and the following day. Total 
sleep times (by polysomnography) did not differ between treat-
ments, though sleep efficiency improved with zolpidem (on the 
night of the shift only) or with bright light (on the night after shift 
only). No other symptoms of JLD were reported.


Thus, these agents are in general effective for treatment of the 
insomnia of JLD, but of unproved benefit for the daytime symp-
toms. In addition, some caution is warranted in the use of hypnot-
ics for JLD, since adverse effects have been reported, including 
global amnesia,70 and at least one study reporting a much higher 
rate of adverse events with a hypnotic (zolpidem) compared to 
other treatment groups.52


3.2.2.6 Caffeine is indicated as a way to counteract jet lag-induced 
sleepiness, but may also disrupt nighttime sleep. [7.4.2.4] (Option)


Two level 2 studies tested the use of slow-release caffeine af-
ter travel across times zones. One level 2 study found that either 
slow-release caffeine 300 mg daily for 5 days after flight or mela-
tonin 5 mg daily starting on the day of travel to 3 days post flight 
following eastward travel across 7 time zones (compared to pla-
cebo) was associated with faster entrainment of circadian rhythms 
as measured by salivary cortisol levels.62 In another level 2 study 
utilizing the same protocol,61 slow-release caffeine resulted in less 
daytime sleepiness (compared to melatonin or placebo) by objec-
tive but not subjective measures, but also reported longer sleep 
onset and more awakenings at night. The benefit of improved 
daytime sleepiness must be weighed against disrupted nocturnal 
sleep. Additionally, information was lacking on the effect of caf-
feine on other daytime symptoms of jet lag. Individualized thera-
py and clinical follow-up is recommended.


3.2.3 Advanced Sleep Phase Disorder


Advanced sleep phase disorder (ASPD) is defined as a sleep 
pattern scheduled several hours earlier than is usual or desired. 
There is no standard for how much earlier a sleep schedule needs 
to be in order to qualify as pathological. Diagnosis depends on 
the amount of distress the patient expresses about being unable 
to conform to a more conventional sleep schedule after ruling out 
other causes of sleep maintenance insomnia.


3.2.3.1 There is insufficient evidence to recommend the use of the 
Morningness-Eveningness Questionnaire (MEQ) for the routine 
diagnosis of ASPD. [11.3.2] (Option)


This parameter is based upon committee consensus. There were 
two level 2 studies71,72 that found ASPD patients scored high on 
the MEQ indicating morning-lark traits. A third study (level 3)73 
also found high MEQ scores in subjects presumed to have ASPD. 
However, there were no studies that evaluated the sensitivity or 
specificity of this questionnaire as a diagnostic tool in sleep clinic 
or general populations. The MEQ can serve a confirmatory role 
for ASPD diagnosis but may not by itself serve as a basis for this 
diagnosis.


3.2.3.2 Polysomnography is not routinely indicated for the 
diagnosis of ASPD. [11.3.3] (Standard)


This is a reiteration of the prior practice parameter paper pro-
vided regarding indications for PSG.10 Regarding ASPD, no studies 
retrieved for review utilized PSG to make this diagnosis. One level 
2 study72 found the expected advance in the time of sleep onset in 
ASPD subjects; on the other hand, another level 2 study74 found 
fairly standard bedtimes in ICSD-ASPD diagnosed subjects.


3.2.3.3 There is insufficient evidence to recommend the use of 
circadian markers for the routine diagnosis of ASPD. [11.3.4] 
(Option)


There were two level 2 studies71,72 using DLMO as a circadian 
marker and one level 3 study73 using urinary 6-sulfatoxy melato-
nin (MT6) acrophase which found advanced melatonin secretion 
in presumed ASPD subjects. Three level 2 studies74-76 and one lev-
el 4 study77 found early core body temperature minima in patients 
with ASPD, sleep maintenance or terminal insomnia. The review 
indicated that the available data are limited by heterogeneity of 
subjects. Additionally, none of the studies evaluated the use of 
circadian markers as diagnostic aids (no measures of the sensitiv-
ity or specificity of the tests). Thus, although the results of such 
measures are generally consistent with advanced circadian tim-
ing, measuring circadian markers can not yet be recommended as 
diagnostic aids.


3.2.3.4 Prescribed sleep/wake scheduling, timed light exposure, 
or timed melatonin administration are indicated as treatments for 
patients with ASPD. [11.4] (Option)


This recommendation is based on available evidence and 
committee consensus. One level 4 study78 achieved sleep ad-
vance with sleep scheduling. There have been six studies using 
scheduled bright light as a treatment. One level 3 study73 found 
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evening light exposure no more effective than placebo in shifting 
circadian phase. A level 2 study79 succeeded in reducing time in 
bed after awakening in the morning. Another level 2 study74 that 
used ICSD criteria to determine ASPD presence succeeded in 
improving sleep variables but another level 2 replication of this 
study75 did not. One level 477 and one level 2 study76 achieved 
post-treatment DLMO phase delays and improved sleep quality 
in patients with complaints of terminal insomnia. Although there 
is a rationale for using melatonin for ASPD, there is no reported 
evidence in support of this treatment. Overall, the evidence for 
efficacy of these interventions is weak or conflicting, but the 
risks and costs entailed are low. As there are few alternatives, an 
individualized approach using one or more of these treatments 
with follow up to ascertain efficacy or side effects may be ap-
propriate.


3.2.4 Delayed Sleep Phase Disorder


Delayed sleep phase disorder (DSPD) is characterized by a stable 
delay of the habitual nocturnal sleep period. Individuals with DSPD 
are often unable to fall asleep until the early morning hours and un-
able to awaken until late morning or early afternoon. During their 
preferred sleep schedules, sleep duration and quality are generally 
normal. However, sleep-onset insomnia and morning sleepiness oc-
cur if sleep and waking are attempted at an earlier time.


3.2.4.1 Polysomnography is not indicated in the routine 
assessment of DSPD. [12.3.5] (Standard)


This is a reiteration of the indications for PSG practice pa-
rameters.10 In the present review, one study using PSG in pa-
tients with DSPD that compared conventional and habitual sleep 
schedules demonstrated differences in sleep duration and sleep 
architecture. Nevertheless, PSG rarely provides additional in-
formation from that obtained from sleep history and sleep logs, 
and no new studies addressed the use of PSG as a diagnostic aid 
in DSPD.


3.2.4.2 Morning light exposure is indicated in the treatment of 
DSPD. Optimal timing, duration, and dosing of morning light 
treatment for DSPD remain to be determined. [12.4.2] (Guideline)


One level 180 and one level 281 study demonstrated that proper-
ly timed morning light exposure causes a phase advance of sleep 
onset time and circadian rhythms (CBTmin), and increases objec-
tively determined daytime alertness. In the reviewed studies, 2500 
lux for 2-3 hours prior to or at rise time was used. The effects of 
lower doses, blue light wavelengths, or other timings are not yet 
known. The treatments were generally well tolerated and of some 
beneficial effect, but more potent and less difficult to follow treat-
ments are needed.


3.2.4.3. Chronotherapy (i.e., prescribed progressive delay in the 
schedule of sleep time until the desired sleep schedule is reached) 
may be useful for DSPD. [12.4.1] (Option)


This recommendation for chronotherapy is based only on two 
level 4 case report studies82,83 and committee consensus; there are 
no controlled trials supporting its efficacy or safety. Longer last-
ing and more practical alternatives are needed given that compli-


ance with the treatment is difficult and lasting benefit has not been 
demonstrated.


3.2.4.4 Properly timed melatonin administration is indicated as a 
therapy for DSPD. [12.4.3] (Guideline)


This recommendation is supported by one level 184 two level 
285,86 and one level 487 studies. Afternoon or evening administra-
tion of melatonin shifts circadian rhythms (indicated by dim light 
melatonin onset [DLMO] and core body temperature minimum, 
[CBTmin]) to an earlier time. Compared to placebo, melatonin 
treatment reduced sleep onset latency, but there was no change 
in total sleep time or subjective daytime alertness. As with other 
studies involving melatonin, the optimal timing and dosing of 
melatonin administration are not established. In the reviewed 
studies, three used 5 mg84,85,87 while one 86 used two strengths (0.3 
mg and 3 mg). Effective times of administration varied between 
1.5 and 6 hours prior to the habitual bedtime.


3.2.4.5. Vitamin B12 is not indicated in the treatment for DSPD. 
[12.4.4] (Guideline)


This recommendation is based on one level 188 multicenter 
study in which no benefit compared to placebo was noted follow-
ing administration of vitamin B12 (1 mg) three times a day to 50 
subjects for four weeks.


3.2.4.6 There is insufficient evidence supporting the use of 
hypnotic medications to promote sleep or the use of stimulant 
medications to promote alertness for DSPD. [12.4.5; 12.4.6] 
(Option)


This parameter is based on committee consensus. There was 
only one level 4 report83 indicating some benefit, but sufficient 
evidence to support this practice is lacking.


3.2.5 Free-Running Circadian Rhythm Sleep Disorder


Patients with free-running (FRD) rhythms are thought to re-
flect a failure of entrainment. This condition is most common in 
blind individuals (about 50% of whom have FRD) and is highly 
unusual in sighted individuals. Because of this, as noted in the ac-
companying review, most studies are level 4 single case reports. 
Roughly one-fourth of sighted individuals with FRD have related 
psychiatric diagnoses.


3.2.5.1 Sleep logs are useful for assessment in FRD patients. 
[13.3.1] (Option)


This recommendation is based on committee consensus and 
clinical practice rather than data. Sleep logs have been found use-
ful in determining sleep patterns in people with FRD.


3.2.5.2 Circadian phase markers are useful to determine circadian 
phase and confirm the diagnosis of FRD in sighted and unsighted 
patients. [13.3.4] (Option)


This parameter is supported by evidence presented in the accom-
panying review and by committee consensus. There are one level 289 
and seven level 4 studies90-96 that have used the melatonin rhythm 
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as an indicator of phase in sighted individuals. In addition, there are 
four level 2 studies97-100 and four level 4 studies101-104 that have used 
the timing of melatonin secretion to determine free running rhythms 
in blind individuals. There is also one level 4 study105 that used core 
body temperature measurements to detect free-running rhythms. 
Multiple measurements of circadian phase over the course of several 
weeks are suggested for all circadian markers. The ICSD-2 suggests 
use of sleep logs or actigraphy for more than seven days in order to 
establish the daily drift of the endogenous rhythm. Since sleep-wake 
times are influenced by social schedules and requirements, these 
data may be less compelling than phase markers, which provide a 
more direct measure of the intrinsic circadian rhythm. This is par-
ticularly the case when the diagnosis is suggested by sleep log data 
or actigraphy, but these data are conflicting or thought unreliable.


3.2.5.3 Prescribed sleep/wake scheduling as a method to improve 
circadian rhythms may be useful for therapy of FRD in sighted 
individuals. [13.4.1] (Option)


Improving the structure of the sleep wake cycle in sighted pa-
tients with FRD (sometimes with the help of family and friends) 
is a reasonable treatment approach, but there have been no clinical 
trials to test the efficacy of specific interventions.


3.2.5.4 Circadian phase shifting by timed light exposure may be 
used to treat FRD in sighted individuals. [13.4.2] (Option)


There are five level 4 reports91,93,106-108 that morning light ex-
posure was successful in entraining circadian rhythms in sighted 
individuals.


3.2.5.5 Circadian phase shifting by timed melatonin administration 
may be used to treat FRD in sighted individuals. [13.4.3] (Option)


There are four level 4 reports94,95,107,109 in which sighted FRD 
patients treated with melatonin at bedtime achieved successful 
phase advance. The most common dose used was 3 mg.


3.2.5.6 Timed melatonin administration is indicated for the therapy 
of FRD in blind individuals. [13.5.2] (Guideline)


There are four level 4 case reports110-113 and five small level 2 
studies98-102 which successfully entrained FRD rhythms in blind 
individuals using a variety of doses, timing and duration of mela-
tonin treatment. A recent level 4 case report103 suggests that physi-
ological doses (approximately 0.3 mg) may be more effective than 
pharmacologic doses (typically >2 mg) for this indication.


3.2.5.7 There is insufficient evidence to support using vitamin B12 
in treating FRD in sighted individuals. [13.4.6] (Option)


The evidence for use of vitamin B12 is conflicting, and there 
is little physiologic rationale for its effectiveness. There were two 
case reports (level 4)114,115 using vitamin B12 that were success-
fully entrained.


3.2.6 Irregular Sleep-Wake Rhythm


An irregular sleep-wake rhythm (ISWR) is characterized by a 
relative absence of a circadian pattern to the sleep-wake cycle. 


Total sleep time is essentially normal, but there are multiple ir-
regular sleep bouts during a 24-hour period. ISWR is commonly 
associated with neurological impairment, and much of the clini-
cal research in this condition has involved older people with 
dementia.


3.2.6.1 The use of sleep logs and/or actigraphy are indicated to 
identify and monitor treatment outcomes in ISWR, including in 
older people with dementia and those living in nursing homes. 
[14.3.1; 14.3.3] (Guideline)


This recommendation expands the recently updated AASM 
practice parameters on the use of actigraphy in the assessment of 
sleep and sleep disorders.6 The review paper accompanying this 
current practice parameter paper did not systematically review 
the use of actigraphy in general or the use of sleep logs in ISWR. 
This recommendation addresses the use of actigraphy specifically 
in ISWR. The accompanying review paper to this CRSD practice 
parameters paper also addresses the use of sleep logs. In addi-
tion, this recommendation is further supported by inclusion of the 
use of sleep logs or actigraphy in the ICSD-2 diagnostic criteria 
for CRSD.5 However, the review cited studies using actigraphy 
which included patients with evidence of ISWR (the diagnosis 
of which had to be inferred based on description of participants) 
using actigraphy among older people with dementia and/or living 
in a nursing home were cited in the review. This included two 
Level 1116,117 and 6 Level 2 studies.118-123 Although these studies 
are well designed, they generally did not compare actigraphy to 
some other gold standard in diagnosing ISWR. Sleep logs were 
generally not used in these studies (likely due to patients’ cogni-
tive impairment).


3.2.6.2 Daytime bright light exposure may improve circadian rest-
activity rhythms and consolidation of sleep and wake in nursing 
home residents with dementia and ISWR. [14.4.2.1] (Option)


There were 9 studies that tested the effects of bright light 
exposure alone among nursing home residents (the major-
ity with dementia) in whom sleep disturbance was presumably 
consistent with an ISWR, with positive results reported in all 
but one study.121 Three level 2 studies119,120,123, two level 3 stud-
ies124,125 and two level 4 studies126,127 found positive effects on 
circadian rest-activity rhythms and/or sleep with bright light 
exposure (provided for two hours in most studies, with a range 
of 1500–8000 lux across studies). Three of these studies tested 
morning bright light, one tested evening bright light, two tested 
both morning and evening bright light, and one tested increased 
light exposure throughout the day. The negative level 2 study121 
tested morning bright light (2 hours >2500 lux) which did not 
result in significant changes in sleep or circadian rest-activity 
rhythms.


3.2.6.3 Melatonin is not indicated for the treatment of ISWR in 
older people with dementia, but may be indicated for children with 
ISWR and severe psychomotor retardation. [14.4.2.2] (Option)


Two studies tested melatonin administration for ISWR in pa-
tients with dementia. The first was a large level 1 study117 which 
tested administration of 8 weeks of melatonin (10 mg or 2.5 mg, 
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sustained release formulations) among patients with Alzheimer 
disease with disturbed sleep patterns that were presumably con-
sistent with an ISWR. The study found no evidence of improve-
ment in sleep (by actigraphy). A second smaller level 1 trial 128 
found that slow-release melatonin (6 mg) also had no effect on 
actigraphically estimated sleep.


Three level 4 studies found some benefit in treating sleep dis-
turbances in severely impaired children with presumed ISWR, in-
cluding children with severe psychomotor retardation,129 and neu-
rologically multiply disabled children.130,131 However, one level 
2 study132 which involved use of melatonin to improve sleep in 
girls with Rett syndrome and associated mental retardation was 
negative.


3.2.6.4 Mixed modality approaches combining bright light 
exposure, physical activity, and other behavioral elements are 
indicated in treatment of ISWR among older people with dementia 
(Guideline), including nursing home residents (Guideline), and 
children with ISWR and moderate to severe mental retardation. 
[14.4.3] (Option)


Two studies tested mixed modality approaches for sleep dis-
turbance (presumably consistent with ISWR) in older people 
with dementia. One level 2 study118 in nursing home residents 
(the majority with dementia) tested a short (5-day) mixed mo-
dality intervention (increased daytime sunlight exposure, in-
creased physical activity, structured bedtime routine, and de-
creased nighttime noise and light) decreased daytime sleeping. 
Another level 1 study116 in community-dwelling dementia pa-
tients tested an 8-week mixed modality intervention (combining 
light exposure, exercise, sleep scheduling, and sleep hygiene) 
which decreased nighttime awakenings, decreased total wake 
time, decreased daytime sleepiness and decreased symptoms of 
depression. A Level 4 study133 in children with moderate to se-
vere mental retardation who had failed prior medication/behav-
ior treatment for sleep disturbance, combined bright light expo-
sure (for 8 months) with a behavioral program, and found that 5 
out of 14 patients responded to treatment with improvement in 
nocturnal and 24-hour sleep.


4.0 SUMMARY AND FUTURE RESEARCH


Basic science developments have outpaced research in the de-
velopment of clinical interventions for the treatment of CRSDs. 
A foundation for understanding of the pathophysiology of CRSD 
has been built by the discipline of circadian rhythm science that 
now extends from molecular biology to behavior. However, sound 
clinical practice must be based on both a scientific understanding 
of pathophysiology as well as empirical evidence derived from 
clinical application, ideally from well-designed clinical trials. It is 
in the area of clinical application that future advances are sorely 
needed. In what follows we outline areas for future development 
for each aspect of the CRSDs.


4.1 Molecular Genetics of CRSD


Further research in this basic science area is likely to bring im-
portant insights into the mechanisms of CRSDs but the research is 
in its early stage and does not yet have clinical application.


4.2 Jet Lag


Additional studies are needed to support the finding that stay-
ing on one’s home-based sleep schedule is helpful when time 
spent at destination is brief and to support the impact on jet lag 
symptoms of alteration of the timing of sleep prior to eastward 
travel. More research with larger samples is needed to determine 
the clinical feasibility of a program of appropriately timed light 
exposure scheduled prior to travel or on arrival at the traveler’s 
destination. Because the effects of hypnotics on daytime symp-
toms of jet lag have not been well studied and are unknown, 
more research is needed. Further, research is needed to weigh the 
benefit of using hypnotics against the risk of side effects. Lastly, 
more research is needed to study the efficacy of caffeine to coun-
teract jet lag induced sleepiness. These studies should weigh the 
stimulant benefits of caffeine on daytime sleepiness against their 
tendency to disrupt nighttime sleep.


4.3 Shift Work Disorder


Formal diagnoses have seldom been performed on subjects 
in SWD research. It is important that subjects be diagnosed ac-
cording to formal SWD criteria to test the reliability and validity 
of ICSD-2 Diagnostic Criteria as well to test the reproducibility 
of treatment results. Diagnostic evaluation is also necessary to 
determine the parameters of normal or pathological responses to 
the stress of the unnatural sleep schedules associated with shift 
work. More studies are required to support the use of planned 
napping before or on the job to counteract sleepiness during shift 
work; current research evidence is limited but consistent in dem-
onstrating an increase in alertness on the job. Although phase 
shifting and circadian realignment has been achieved with timed 
light exposure in simulated shift work situations, to determine the 
clinical utility of the treatment there is need for studies with larger 
sample of subjects meeting SWD criteria that also use a credible 
placebo control. Further there is need for comparative testing of 
specific timing, intensity of light exposure, and duration of treat-
ment. There is mixed evidence supporting melatonin administra-
tion prior to daytime sleep. It is difficult to draw firm conclusions 
from current research due to variability in shift schedules, as well 
as in melatonin dosage and timing among these studies. There are 
good theoretical reasons why melatonin (or melatonin agonists) 
might benefit daytime sleep in night workers, but more research 
is needed in which comparisons are made between similar dos-
age and timing. Attempts should be made to tease out whether 
observed improvement in daytime sleep is related to a hypnotic 
effect rather than a phase shifting effect. Although night shift 
simulation studies have demonstrated that hypnotics increase 
daytime sleep, there are doubts that the treatment improves night-
time alertness. To assess the efficacy and safety of hypnotics for 
improving nighttime performance, studies are needed that em-
ploy objective as well as subjective outcome measures of sleep 
and alertness. Given the varying pharmacokinetics of individual 
drugs, studies of specific medications should be compared. Fi-
nally, although modafinil has received FDA approval for use in 
improving nighttime alertness in shift workers, caffeine, a stimu-
lant not considered a drug, is an inexpensive easily available al-
ternative stimulant. Further research is required to demonstrate its 
effectiveness and potential side-effects.
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4.4 Advanced Sleep Phase Disorder


Because there is no strict definition of how advanced the sleep 
schedule needs to be in order to qualify as pathologic, current di-
agnosis depends on the degree of difficulty a patient experiences 
with conforming to a desired sleep schedule. It would be help-
ful if future research characterized the complaints associated with 
this diagnosis in terms of actual sleep times, sleep schedules and 
other subject characteristics (such as employment status). Fur-
ther research is required regarding the efficacy and practicality of 
phase-advance chronotherapy for patients with ASPD. Treatment 
of ASPD (or presumed ASPD) at this time consists exclusively of 
evening light therapy achieving overall conflicting results except 
for subjective improvement. In future research, subjects should 
be screened to meet standard ICSD-2 criteria and consistent use 
of established circadian phase markers. Comparisons should be 
made between standard intensity and durations of treatments. 
Systematic measures of treatment compliance should be assessed. 
The safety and treatment benefits of blue light, such as reduction 
in the amount of exposure time required to achieve treatment ef-
fects, should be explored. The utility of melatonin administration 
in the treatment of putative ASPD should be studied in large ran-
domized, controlled, clinical trials.


4.5 Delayed Sleep Phase Disorder


The etiology of DSPD is unknown, and it is unclear whether 
this is a manifestation of intrinsic pathology or a socially rein-
forced sleep-wake schedule that can be readily modified if cir-
cumstances require it. Future research should attempt to sort out 
the contributions of these factors to research participants’ de-
layed sleep schedules. Even though a prescribed sleep schedule 
(chronotherapy) is a reasonable treatment for DSPD, there are 
no controlled clinical trials documenting its efficacy and safety. 
Thus future research should be conducted to determine these is-
sues. Although the evidence is limited, light exposure treatment, 
timed to advance rhythms (based on the light PRC) appears to be 
a reasonable and effective intervention for DSPD. In the clinical 
context, compliance may be a significant problem. Although there 
is strong evidence that melatonin, timed to promote a corrective 
phase advance, is an effective treatment for DSPD, further study 
is required to determine the optimal parameters for scheduling 
and dosing. Finally, future research on promoting sleep with hyp-
notic medication and promoting alertness with stimulant medica-
tion should be considered.


4.6 Free-Running Disorder


Although appropriately timed bright light exposure and melato-
nin administration have been shown to be effective, there are few 
treatment studies of free-running disorder CRSD among sighted 
individuals because of the rarity of the condition. Appropriately 
timed melatonin in doses from 0.5 mg to 10 mg have been shown 
to entrain totally blind people who have FRD. The effective dose 
may be even less than 0.5 mg (the dose that approximates a physi-
ological plasma concentration). Treatment must be sustained 
or relapse will occur. Entrainment may not occur for weeks or 
months after initiating treatment, depending on the phase of the 
patient’s rhythm when treatment is started and the period of the 
patient’s free-running rhythm. There are limited data on the use of 


hypnotic medications to promote sleep and on stimulant medica-
tions to enhance alertness.


4.7 Irregular Sleep-Wake Rhythm Disorder


It is important that future studies of ISWR patients (such as 
elderly dementia patients) characterize them according to formal 
sleep diagnostic criteria. This will enable the development of a 
body of knowledge describing the effectiveness of clinical treat-
ments for patients with specific clinical characteristics. While 
there have been no studies examining prescribed sleep/wake 
scheduling per se, some of the mixed modality treatments116,118 
included structuring the sleep/wake schedule as part of their treat-
ment protocols. Although abnormalities in both circadian phase 
and amplitude may underlie the other CRSDs, diminished circa-
dian amplitude is often hypothesized to be especially important 
in ISWR. Consequently, numerous studies have attempted to treat 
inferred ISWR by structuring and reinforcing relevant circadian 
time cues (zeitgebers) in order to increase the amplitude of the 
circadian cycle. These interventions have included daytime light 
exposure, melatonin supplementation, and mixed modality treat-
ments, typically combining daytime light exposure with behav-
ioral interventions, such as sleep/wake scheduling and increasing 
daytime activity. Bright light exposure during the day has had 
modest effects on the consolidation of sleep and wake in nurs-
ing home patients with Alzheimer disease (AD) and associated 
ISWR. More data are needed to support the effectiveness of this 
treatment, as well as information regarding the most efficacious 
timing of light exposure. Current data do not support the use of 
melatonin for treating ISWR, at least in association with AD. 
However, the efficacy of smaller doses of melatonin and emerg-
ing melatonin receptor agonists has yet to be determined. More 
research is needed in the area of mixed modality approaches to 
determine if such treatment approaches might be more efficacious 
than the use of light alone. There is great need for rigorous, well-
controlled clinical trials of hypnotic treatments for sleep distur-
bance in demented patients to fill a serious and continuing gap 
in our knowledge. There is also a great need to conduct carefully 
controlled clinical trials of the efficacy of stimulant medications, 
such as modafinil in AD patients.


A foundation for understanding the pathophysiology of DSPD, 
ASPD, FRD, ISWR, JLD, and SWD has been built on the prin-
ciples of circadian rhythm science, and these principles have 
pointed the way to rational clinical interventions. Future empha-
sis should be placed on clinical trials utilizing formal (criteria 
based) diagnostic categories that can translate circadian scientific 
principles into practice with “real” patients.
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 INTRODUCTION 
 Functional bowel disorders are symptom-based gastrointestinal 


disorders that are commonly encountered in the general popu-


lation ( 1 ). Th e most common functional bowel disorder is irri-


table bowel syndrome (IBS), which is defi ned by the presence 


of abdominal pain or discomfort in association with altered 


bowel habits ( 1 ). Th e etiology of IBS is unknown but altera-


tions in motility, visceral sensitivity, intestinal barrier function, 


genetics, and psychological makeup have been implicated in its 


pathogenesis ( 2 – 6 ). In addition, although controversial, IBS has 


been associated with sleep disorders ( 7 – 9 ). 


 Th e aim of this study was to determine whether disruption of 


biological rhythms through the participation in shift  work was 


associated with functional bowel disorders. Th e basis for this study 


was formed by several observations. First, disruption of biological 


rhythms secondary to shift  work, travel across diff erent time zones, 


or space fl ights has been associated with gastrointestinal symp-


toms such as abdominal discomfort, constipation, or diarrhea 


( 10 – 15 ). Th ese symptoms overlap with those reported by patients 


with functional bowel disorders. Second, chronic disruption of 


biological rhythms due to shift  work has been associated with the 


development of serious gastrointestinal disease. For example, data 


from the Nurses Health Study showed that women who worked 


at least three rotating nights per month for 15 or more years had 


a signifi cantly greater risk of developing colorectal cancer when 


compared to women who never worked rotating night shift s ( 16 ). 


Th ird, a recent clinical study showed that melatonin, a known 


regulator of circadian rhythms, can improve IBS symptoms ( 17 ). 


To better understand the association between disruptions in 


circadian rhythms and functional bowel disorders, we conducted 
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  OBJECTIVES:    Shift work has been associated with gastrointestinal symptoms such as abdominal pain, consti-
pation, and diarrhea. These symptoms overlap with those reported by patients with functional 
bowel disorders. Because shift work will lead to misalignment between the endogenous circadian 
timing system and the external 24   h environment, we hypothesized that nurses participating in 
shift work will have a higher prevalence of functional bowel disorders when compared with nurses 
participating in day shifts. 


  METHODS:    Nurses engaged in patient care were invited to complete Rome III, irritable bowel syndrome – quality of 
life measure (IBS-QOL) and modifi ed Sleep-50 questionnaires. Respondents were classifi ed as working 
day, night, or rotating shifts. The prevalence of IBS, functional constipation, functional diarrhea, and 
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  RESULTS:    Data were available for 399 nurses (214 day shift, 110 night shift, and 75 rotating shift workers). 
Rotating shift nurses had a signifi cantly higher prevalence of IBS compared to day shift nurses (48 %  vs. 
31 % ,  P     <    0.01). Multivariable logistic regression correcting for age, gender, and sleep quality proved 
this association robust. IBS-QOL scores among groups were similar. Prevalence of functional consti-
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 Nojkov  et al.  


a cross-sectional observational study to determine the prevalence 


of IBS, functional constipation, functional diarrhea, and individ-


ual gastrointestinal symptoms among nurses participating in shift  


work. To assess whether functional bowel disorders result from 


disruption in biological rhythms (chronodisruption ( 18 )), we also 


assessed sleep quality to control for the possible confounding func-


tion of sleep. We hypothesized that the prevalence of functional 


bowel disorders would be greatest in nurses participating in rotat-


ing shift s (as opposed to permanent day or permanent night shift  


workers) as those individuals are most likely to develop a chronic 


misalignment of the endogenous circadian timing system with the 


external 24   h environment. We also hypothesized that the eff ect of 


shift  work on the prevalence of functional bowel disorders would 


be independent of the quality of sleep.   


 METHODS  
 Study subjects 
 All nurses employed within the University of Michigan Health 


System Nursing Department were contacted by e-mail (approxi-


mately 2,500 nurses). Subjects were incentivized to participate by 


automatic enrollment into a drawing for one of four gift  certifi -


cates. Nurses interested in participating in the study were directed 


to the web-based study surveys. All survey materials were col-


lected without identifying information. Th e study protocol was 


reviewed and approved by the institutional review board of Uni-


versity of Michigan. Th e study recruitment period was between 


November 2007 and February 2008. 


 Enrolled subjects were classified into three groups: (i) nurses 


working permanent day shifts, (ii) nurses working permanent 


night shifts, and (iii) nurses rotating between day and night 


shifts. This classification was based on each subject ’ s response 


to the following question:  “ What best describes your work 


schedule? ”  


 Subjects with a self-reported organic gastrointestinal disorder 


(peptic ulcer disease, infl ammatory bowel disease, malignancy, 


gallbladder disorder, pancreatitis, or liver disease), previous sur-


gery of the gastrointestinal tract, current pregnancy, or breast-


feeding were excluded from the analyses. Subjects who were 


not involved in direct patient care or who did not complete all 


required study questionnaires were also excluded from the fi nal 


analysis.   


 Questionnaires 
 All subjects completed the following surveys:   


  1.  General demographic form, including questions on age, sex, 


race, height, weight, chronic medical conditions, medical history, 


and medications used. In addition, data were gathered on specifi c 


work schedules, length of particular shift  – work schedule, and 


specifi c job description. 


  2.  IBS modules from the Rome III questionnaire (available at  http://


www.romecriteria.org/criteria/ ). Th is validated survey was used to 


identify subjects with IBS and classify them into the following sub-


groups: constipation-predominant IBS, diarrhea-predominant IBS, 


mixed IBS, or unsubtyped IBS subgroups. Questionnaires were 


also used to establish the prevalence of functional constipation and 


functional diarrhea. 


  3.  Irritable bowel syndrome – quality of life measure (IBS-QOL). 


Th is is a validated 34-item survey developed to assess the impact 


of IBS symptoms on disease-specifi c quality of life ( 19 ). A higher 


score on this scale correlates with a better quality of life. 


  4.  Modifi ed Sleep-50 questionnaire. Th is questionnaire is designed 


to detect sleep disorders as listed in the  Diagnostic and Statistical 


Manual of Mental Disorders . Th ree items from the Sleep-50 were 


used to assess overall sleep quality ( “ Generally, I sleep badly, ”   “ I 


feel sleepy during the day and struggle to remain alert, ”  and  “ I have 


diffi  culty falling asleep ” ).     


 Statistical analysis 
 On the basis of an assumed IBS prevalence of 15 %  in nurses work-


ing permanent day shift s, we calculated a required sample size of 


at least 213 day shift  participants and 71 participants in each of 


the other shift  work groups to detect an odds ratio of 2.5 with a 


power of 80 % . Comparisons of continuous variables were made 


with analysis of variance. Comparisons of categorical variables 


between groups were made with   χ   2 -test or Fisher ’ s exact test. For 


the comparison of items of the Sleep-50 questionnaire with bowel 


symptoms, the Bonferroni correction was used to assess statisti-


cal signifi cance due to the multiple comparisons ( P   ≤  0.00017 was 


considered signifi cant). Multivariate logistic regression was also 


performed for IBS and individual symptoms.    


 RESULTS  
 General information 
 Of 2500 nurses, 552 (22.0 % ) completed the surveys online. Fol-


lowing application of exclusion criteria as defi ned in the method 


section, 399 nurses were included in the fi nal analyses. Of the 399 


nurses, 214 reported working day shift , 110 reported working 


night shift s, and 75 reported working rotating shift s.  Table 1  sum-


marizes demographic characteristics of the nurses in the three 


groups. More than 85 %  of respondents were women. Night shift  


and rotating shift  nurses were younger than day shift  nurses. Day 


shift  nurses had signifi cantly longer work experience compared 


to night shift  and rotating shift  nurses. Th ere were no signifi cant 


diff erences in body mass index between groups. 


 Th ere were no diff erences in the use of medications for gastroin-


testinal symptoms, antidepressants, sedatives / hypnotics, thyroid 


replacement, medications for diabetes mellitus, hormone replace-


ment therapy, or vitamins / minerals.   


 Prevalence of functional bowel disorders and individual bowel 
symptoms 
 Th e prevalence of IBS, functional constipation, and functional 


diarrhea in the three groups of nurses are summarized in  Table 2 . 


Th e prevalence of IBS was signifi cantly higher in rotating shift  


nurses when compared with day shift  nurses. When IBS subtypes 


were assessed, the prevalence of mixed IBS in rotating shift  nurses 


was signifi cantly higher when compared with nurses working day 







© 2010 by the American College of Gastroenterology The American Journal of GASTROENTEROLOGY


3


 F
U


N
C


T
IO


N
A


L 
G


I 
D


IS
O


R
D


E
R


S 


 Impact of Rotating Shift Work on IBS 


or night shift s. Diarrhea-predominant IBS was more common in 


nurses working night shift s when compared with nurses working 


day shift s. Th ere was a trend toward a statistically signifi cant dif-


ference in the prevalence of diarrhea-predominant IBS between 


night shift  nurses and rotating shift  nurses ( P     =    0.06). Th ree nurses 


fi t into the category of unsubtyped IBS (two day shift  workers and 


one night shift  worker). Due to the small number of individuals 


with unsubtyped IBS, this group was excluded from the subgroup 


analysis. Th e prevalence of functional constipation and functional 


diarrhea defi ned by the Rome III criteria was similar between the 


three groups of nurses. 


 In patients fulfi lling criteria for IBS, the specifi c impact of IBS on 


quality of life was assessed using the IBS-QOL instrument. Th ere 


were no signifi cant diff erences in mean total scores on IBS-QOL 


between nurses with IBS working day, night, or rotating schedules 


(IBS-QOL mean scores were 84.3, 87.2, and 85.6 for each of the 


three groups, respectively,  P     =    NS). 


 We also assessed the prevalence of individual IBS and bowel-


associated symptoms among the three shift s. Th e presence of 


abdominal pain or discomfort was reported signifi cantly more 


frequently in rotating shift  nurses compared with day (81 %  vs. 


54 % ,  P     <    0.0001) and night shift  nurses (61 % ,  P     <    0.003 vs. rotating 


nurses). Th ere was no signifi cant diff erence in the prevalence of 


any other individual gastrointestinal symptoms examined, includ-


ing the presence of loose, mushy or watery stools, hard or lumpy 


stools, less then three bowel movements per week, diffi  culty to 


evacuating stools, sensation of incomplete stool emptying, or feeling 


that the stool could not be passed.   


 Sleep disturbances and bowel symptoms 
 Th e occurrence of IBS and individual bowel symptoms was 


examined for association with the presence of disturbed sleep. 


Positive answers to three items from the modifi ed Sleep-50 


instrument assessing sleep quality ( “ Generally, I sleep badly, ”  


 “ I feel sleepy during the day and struggle to remain alert, ”  and 


 “ I have diffi  culty falling asleep ” ) were compared with the pres-


ence of IBS. Th ere were signifi cant associations between each 


of the three sleep quality indicators and the presence of IBS 


regardless of responder ’ s work shift  schedule ( Table 3 ). Similar 


fi ndings were shown for the presence of abdominal pain (data 


not shown).   


 Multivariate logistic regression analysis 
  Table 4  shows the association between type of shift  work and sleep 


quality with IBS, adjusted for each other, age, and gender. Partici-


pation in rotating shift  work is signifi cantly associated with hav-


ing IBS, even aft er adjustment for sleep quality. Night shift  work 


was not associated with IBS compared with day shift . Poor sleep 


quality is associated with IBS. Similar associations for abdominal 


pain were also shown ( Table 5 ). Adjusting for years of nursing 


  Table 1 .    Study population demographics 


    
  Permanent day shift workers 


( n  = 214)  
  Permanent night shift workers 


( n  =110)  
  Rotating shift workers 


( n  = 75)     P  value  


   Age (years)  45.6     ±    9.3  41.5   ±  11.0  37.3  ±  10.8      <    0.0001 


   Male / female ( %  males)  20 / 194 (9.4 % )  11  /  98 (10.1 % )  10  / 65 (13.3 % )  NS 


   BMI  27.6   ±  6.7  28.9   ±  7.2  27.5  ±  6.6  NS 


   Nursing experience (years)  19.6   ±  10.3  12.9   ±  11.2  11.0   ±  10.3      <    0.0001 


     BMI, body mass index.   


  Table 2 .    Prevalence of functional gastrointestinal disorders stratifi ed by work schedule 


    
  Permanent day shift workers 


( n  = 214)  
  Permanent night shift workers 


( n  =110)  
  Rotating shift workers 


( n  =75)     P  value  


   IBS  66 (31.3 % )  44 (40.0 % )  36 (48.0 % )  NS for day vs. night 
     <    0.01 for day vs. rotate 
 NS for night vs. rotate 


   IBS-M  46 (21.5 % )  25 (21.8 % )  26 (34.7 % )  NS for day vs. night 
 0.02 for day vs. rotate 
 0.05 for night vs. rotate 


   IBS-D  10 (4.7 % )  13 (11.8 % )  3 (4.0 % )  0.02 for day vs. night 
 NS for day vs. rotate 
 0.06 for night vs. rotate 


   IBS-C  9 (4.2 % )  5 (4.6 % )  6 (8.0 % )  NS between each of the groups 


   Functional constipation  29 (13.6 % )  15 (13.6 % )  10 (13.3 % )  NS between each of the groups 


   Functional diarrhea  4 (1.9 % )  6 (5.5 % )  3 (4.0 % )  NS between each of the groups 


     IBS, irritable bowel syndrome; IBS-C, constipation-predominant IBS; IBS-D, diarrhea-predominant IBS; IBS-M, mixed IBS.   
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experience rather than age resulted in similar estimates of the 


eff ects of shift  work. 


 Th ere was no association between the number of years, adjusted 


for age, for which nurses participated in night or in rotating shift s 


and IBS. Similarly, there was no association between the number 


of years, adjusted for age, for which nurses participated in night or 


in rotating shift s and abdominal pain.    


 DISCUSSION 
 Our fi ndings suggest that nurses participating in shift  work, 


particularly those that participate in rotating shift  work, have a 


higher prevalence of IBS and abdominal pain. Th is association is 


independent of quality of sleep. 


 Previous work has reported a higher prevalence of gastrointes-


tinal symptoms among persons working non-daytime shift s when 


compared to those working days ( 10,12,13,15 ). Only one previous 


study specifi cally looked at the prevalence of functional bowel dis-


orders among persons working rotating shift s ( 14 ). Our results are 


similar to this smaller study from Singapore (118 participants — 


60 day vs. 58 rotating shift s), which found the prevalence of func-


tional bowel disorders to be 38 %  in nurses working rotating shift s 


vs. 20 %  in day shift  nurses ( P     =    0.04). 


 To our knowledge, this is the fi rst study to use the Rome III 


criteria to identify the prevalence of IBS, functional diarrhea, 


and functional constipation among shift  workers. Th e use of the 


Rome III criteria, which require 3 days of symptoms in the past 


month, likely explains the relatively high prevalence of IBS iden-


tifi ed in our study. In a  post hoc  analysis of our data using a more 


stringent symptom threshold of greater than 2 days per week of 


abdominal pain or discomfort, the prevalence of IBS decreased 


substantially (day shift  13 % , night shift  19 % , rotating shift s 21 % ). 


Th ough trends remained apparent using this more stringent 


symptoms threshold, diff erences between groups were no longer 


statistically signifi cant (day vs. rotating shift s  P     =    0.09), perhaps 


due to limited statistical power for discerning diff erences at those 


lower prevalence. 


 Th ere was no signifi cant diff erence in IBS-related quality of life 


between rotating, night, and day shift  nurses with IBS. It should 


be noted that responders from the three groups had relatively 


high overall scores on the IBS-QOL survey, suggesting that they 


all reported low impact of their IBS symptoms on disease-specifi c 


quality of life. Th is may, again, be related to the use of the less-


restrictive Rome III criteria that are more likely to capture indi-


viduals with milder IBS symptoms. 


 Older studies that attempted to assess the association between 


sleep disturbances and IBS yielded conflicting results ( 7 – 9 ). 


Results from our study suggest that sleep disturbances do not 


provide a complete explanation for the association between 


IBS or abdominal pain and shift work. In a logistic regression 


analysis, we found an association between IBS or abdominal 


pain and shift work even after controlling for sleep quality. 


This finding supports our hypothesis that the increased preva-


lence of IBS in rotating shift workers may be representative of 


  Table 3 .    Associations between sleep quality and IBS stratifi ed by shift status 


      Day shift    Night shift    Rotating shift  


    
  No IBS 


( n  =147)  
  IBS 


( n  = 67)     P  value  
  No IBS 
( n  = 66)  


  IBS 
( n  = 44)     P  value  


  No IBS 
( n  = 39)  


  IBS 
( n  = 36)     P  value  


    “ I feel sleepy during the day and 
struggle to remain alert ”  


 22.2 %  (32)  52.4 %  (33)      <    0.0001  37.5 %  (24)  79.1 %  (34)      <    0.0001  22.2 %  (8)  55.6 %  (20)  0.003 


    “ Generally I sleep badly ”   30.0 %  (40)  51.6 %  (33)  0.001  20.3 %  (13)  51.2 %  (22)      <    0.001  16.7 %  (6)  47.2 %  (17)  0.005 


    “ I have diffi culty falling asleep ”   34.5 %  (50)  50.8 %  (32)  0.03  26.6 %  (17)  58.4 %  (25)  0.001  30.4 %  (17)  68.8 %  (11)  0.005 


     IBS, irritable bowel syndrome.   


  Table 4 .    Multivariate logistic regression for presence of IBS 


    Effect    Odds ratio  
  95 %  Confi dence 


interval  


   Shift (rotating vs. day)  2.14  1.14  –  3.03 


   Shift (night vs. day)  1.18  0.67  –  2.07 


    “ Generally I sleep badly ”  (yes vs. no)  1.53  0.87  –  2.67 


    “ I feel sleepy during the day and struggle 
to remain alert ”  (yes vs. no) 


 3.64  2.19  –  6.05 


    “ I have diffi culty falling asleep ”  (yes vs. no)  2.05  1.22  –  3.45 


   Age (per 1 year increment)  0.99  0.97  –  1.02 


   Gender (male vs. female)  0.88  0.41  –  1.92 


  Table 5 .    Multivariate logistic regression for abdominal pain 


    Effect    Odds ratio  
  95 %  Confi dence 


interval  


   Shift (rotating vs. day)  2.80  1.35  –  5.80 


   Shift (night vs. day)  0.97  0.56  –  1.69 


    “ Generally I sleep badly ”  (yes vs. no)  2.00  1.09  –  3.64 


    “ I feel sleepy during the day and struggle 
to remain alert ”  (yes vs. no) 


 1.85  1.08  –  3.17 


    “ I have diffi culty falling asleep ”  (yes vs. no)  2.18  1.28  –  3.70 


   Age (per 1 year increment)  0.94  0.92  –  0.96 


   Gender (male vs. female)  0.59  0.28  –  1.23 
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 Impact of Rotating Shift Work on IBS 


IBS symptoms before their participation in night or rotating 


shift  work. We were reassured to fi nd that the gender distribu-


tion, mean age, and years of experience of study respondents 


were similar to the overall population of nurses employed at 


our medical center. In terms of a potential participation bias of 


rotating shift  workers with IBS, the nature of the surveys, with 


its focus on gastrointestinal symptoms, is such that it is conceiv-


able that the percentage of those responding to the surveys were 


more likely to suff er from gastrointestinal symptoms, regardless 


of the shift  they worked. 


 As in any observational study, there may have been unmeas-


ured confounders. For instance, the presence of psychological 


distress and / or anxiety was not formally assessed in our study 


population. However, indirect measures of stress and / or anxiety 


were assessed by reviewing self-reported use of antidepressants 


and sedatives in each of the three study groups. No major dif-


ferences were identifi ed in the reported usage of antidepressants 


(19 %  day, 21 %  night, and 18.7 %  rotating shift  nurses) or seda-


tives (4.5 %  day, 2 %  night, and 5 %  rotating shift  workers) between 


the groups. Still, diff erent shift s may produce diff erent levels of 


work-related stress, or may be associated with variations in die-


tary habits or physical activity, all of which could impact on IBS 


symptoms. 


 In summary, our findings suggest that nurses participat-


ing in shift work and in particular, those working rotating 


shifts, are at significantly increased risk of developing IBS and 


abdominal pain compared to persons working a standard day-


time schedule. Practicing gastroenterologists should be aware 


of this association and educate patients with IBS on the pos-


sible impact of their work schedule on their symptoms. As the 


United States has become increasingly dependent upon shift 


workers to meet the demands of globalization and our 24   h 


society, the impact of shift work on gastrointestinal health and 


disease will require further studies at both a clinical and basic 


science level.   


   ACKNOWLEDGMENTS  
 Th is work was supported by the National Institutes of Health 


through K23 DK079291 (J.H.R.) and R21 DK074477 (W.A.H.).  


 CONFLICT OF INTEREST 
  Guarantor of article : Willemijntje A. Hoogerwerf, MD. 


  Specifi c author contributions : William D. Chey and Willemijntje 


A. Hoogerwerf conceptualized the study; Borko Nojkov collected 


the data; and Joel H. Rubenstein analyzed the results. Borko Nojkov, 


Joel H. Rubenstein, William D. Chey, and Willemijntje A. Hoogerwerf 


made substantial contributions to the intellectual content of the 


paper (design, interpretation of the data, writing of the paper). 


  Financial support:  None. 


  Potential competing interests : Borko Nojkov, Joel H. Rubenstein, 


and Willemijntje A. Hoogerwerf have no confl icts of interest 


relevant to this paper. William D. Chey is a consultant to Albireo, 


Aryx, Axcan, AstraZeneca, Ironwood, Proctor  &  Gamble, Prometheus, 


Salix, SmartPill, Takeda, and XenoPort, and is on the speaker ’ s 


bureau for Axcan, Prometheus, Salix, and Takeda.      


circadian disruption rather than the consequence of sleep dis-


turbance. 


 Our results suggest that the presence of pain was forcing the 


increased prevalence of IBS in rotating shift  workers. Interest-


ingly, a recent study showed signifi cant circadian variations in 


the perception of rectal distension in healthy volunteers ( 20 ). 


Furthermore, a recent clinical study showed that the adminis-


tration of melatonin, a known regulator of circadian rhythms, 


can improve IBS symptoms by decreasing pain without altering 


colonic motility ( 17 ). Th us, it is conceivable that disruption of cir-


cadian rhythms, to which rotating shift  workers are particularly 


prone, will lead to alterations in circadian physiology that modu-


late visceral sensitivity. Improvement in pain symptoms aft er the 


administration of melatonin may result from the restoration of 


circadian rhythmicity. 


 At a molecular level, circadian rhythms are controlled by 


clock genes. Recent studies have shown that clock genes are 


expressed within mouse epithelial cells and myenteric plexus, 


suggesting a potential function for clock genes in coordination 


and modulation of cell proliferation, diff erentiation, motility, 


and nociception ( 21 – 23 ). We therefore speculate that disrup-


tions of this molecular clock may lead to alterations in colonic 


physiology and, ultimately, to gastrointestinal symptoms. Th e 


mechanism responsible for the higher prevalence of pain (and 


not diarrhea or constipation) in those individuals participat-


ing in rotating shift  work remains to be determined. However, 


melatonin (a regulator of circadian rhythms) has been shown 


to improve abdominal pain in patients with IBS without alter-


ing stool transit time ( 17 ). Th is eff ect of melatonin is inde-


pendent of its eff ect on sleep patterns. In addition, visceral 


sensitivity in response to rectal balloon distention diff ers over 


the time of day ( 20 ). Taken together, these fi ndings suggest 


that visceral pain sensation follows a circadian rhythm that 


is mediated through melatonin. Some studies have suggested 


that colonic motility follows a circadian rhythm as well ( 24 ). 


Th us, one would expect constipation and diarrhea to be more 


prevalent in rotating shift  workers as well. Th is  “ dichotomy ”  in 


terms of the selective eff ect of shift  work on pain but not bowel 


frequency and / or consistency may be refl ective of the ability of 


the colon to respond to abrupt changes in environmental con-


ditions without compromise of colonic motility whereas noci-


ceptive mechanisms are more easily compromised for reasons 


that are yet to be determined. 


 When interpreting our results, a number of limitations 


should be taken into consideration. First, our study popula-


tion consisted of a convenience sample of nurses that might 


infl uence the generalizability of our results to the population at 


large. Second, the overall response rate was relatively low, which 


raises concerns about how representative the respondents were 


of the total population of nurses invited to participate. Th ird, 


it is conceivable that individuals with higher degree of anxi-


ety or psychological distress, or those with other co-morbidities 


(including IBS) require more time off  work, and are therefore 


more likely to participate in night or rotating shift  work. Th is 


could relate to our results as such individuals might have had 
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 Study Highlights 


  WHAT IS CURRENT KNOWLEDGE  
  3  Irritable bowel syndrome (IBS) is the most common of 


functional bowel disorders, and its etiology, although not 
completely understood, is likely multifactorial. 


  3 IBS has been associated with sleep disorders, although this 
relationship remains controversial. 


  3 Disruption of biologic rhythms secondary to night shift work 
has been associated with gastrointestinal symptoms. 


  WHAT IS NEW HERE  
  3 IBS and abdominal pain (but not functional diarrhea and 


functional constipation) are more common in nurses partici-
pating in rotating shift work as opposed to permanent night 
or day shift work. 


  3 The association between IBS and night / rotating shift work is 
independent of sleep quality. 


  3 This is the fi rst study to use the Rome III criteria to 
examine the relationship between shift work and functional 
bowel disorders in a large US cohort.          


   REFERENCES  
    1   .      Longstreth     GF   ,    Th ompson     WG   ,    Chey     WD       et al.       Functional bowel disor-


ders  .   Gastroenterology     2006  ;  130  :  1480   –    91  .  
  2   .      Arebi     N   ,    Gurmany     S   ,    Bullas     D       et al.       Review article: the psychoneuroim-


munology of irritable bowel syndrome — an exploration of interactions 
between psychological, neurological and immunological observations  . 
  Aliment Pharmacol Th er     2008  ;  28  :  830   –    40  .  


  3   .      Latimer     P   ,    Sarna     S   ,    Campbell     D       et al.       Colonic motor and myoelectri-
cal activity: a comparative study of normal subjects, psychoneurotic 
patients, and patients with irritable bowel syndrome  .   Gastroenterology   
  1981  ;  80  :  893   –   901  .  


  4   .      Lawal     A   ,    Kern     M   ,    Sidhu     H       et al.       Novel evidence for hypersensitivity of 
visceral sensory neural circuitry in irritable bowel syndrome patients  . 
  Gastroenterology     2006  ;  130  :  26   –   33  .  


  5   .      Piche     T   ,    Barbara     G   ,    Aubert     P       et al.       Impaired intestinal barrier integrity in 
the colon of patients with irritable bowel syndrome: involvement of soluble 
mediators  .   Gut     2009  ;  58  :  196   –   201  .  


  6   .      Saito     YA   ,    Talley     NJ    .   Genetics of irritable bowel syndrome  .   Am J Gastroenterol   
  2008  ;  103  :  2100   –    4  ;   quiz 5  .  


  7   .      Cremonini     F   ,    Camilleri     M   ,    Zinsmeister     AR       et al.       Sleep disturbances are 
linked to both upper and lower gastrointestinal symptoms in the general 
population  .   Neurogastroenterol Motil     2009  ;  21  :  128   –    35  .  


  8   .      Fass     R   ,    Fullerton     S   ,    Tung     S       et al.       Sleep disturbances in clinic patients with 
functional bowel disorders  .   Am J Gastroenterol     2000  ;  95  :  1195   –   2000  .  


  9   .      Rotem     AY   ,    Sperber     AD   ,    Krugliak     P       et al.       Polysomnographic and actigraphic 
evidence of sleep fragmentation in patients with irritable bowel syndrome  . 
  Sleep     2003  ;  26  :  747   –    52  .  


  10   .      Caruso     CC   ,    Lusk     SL   ,    Gillespie     BW    .   Relationship of work schedules to 
gastrointestinal diagnoses, symptoms, and medication use in auto factory 
workers  .   Am J Ind Med     2004  ;  46  :  586   –    98  .  


  11   .      Cassone     VM   ,    Stephan     FK    .   Central and peripheral regulation of feed-
ing and nutrition by the mammalian circadian clock: implications for 
nutrition during manned space fl ight  .   Nutrition (Burbank, Los Angeles 
County, Calif)     2002  ;  18  :  814   –    9  .  


  12   .      Costa     G    .   Th e impact of shift  and night work on health  .   Appl Ergon   
  1996  ;  27  :  9   –   16  .  


  13   .      Knutsson     A    .   Health disorders of shift  workers  .   Occup Med (Lond)   
  2003  ;  53  :  103   –    8  .  


   14   .      Lu     WZ   ,    Gwee     KA   ,    Ho     KY    .   Functional bowel disorders in rotating shift  
nurses may be related to sleep disturbances  .   Eur J Gastroenterol Hepatol   
  2006  ;  18  :  623   –    7  .  


  15   .      Vener     KJ   ,    Szabo     S   ,    Moore     JG    .   Th e eff ect of shift  work on gastrointestinal 
(GI) function: a review  .   Chronobiologia     1989  ;  16  :  421   –    39  .  


   16   .      Schernhammer     ES   ,    Laden     F   ,    Speizer     FE       et al.       Night-shift  work and risk of 
colorectal cancer in the nurses ’  health study  .   J Natl Cancer Inst     2003  ;  95  :  825   –    8  .  


     17   .      Lu     WZ   ,    Gwee     KA   ,    Moochhalla     S       et al.       Melatonin improves bowel symp-
toms in female patients with irritable bowel syndrome: a double-blind 
placebo-controlled study  .   Aliment Pharmacol Th er     2005  ;  22  :  927   –    34  .  


   18   .      Erren     TC   ,    Reiter     RJ    .   Defi ning chronodisruption  .   J Pineal Res     2009  ;  46  :  245   –    7  .  
   19   .      Patrick     DL   ,    Drossman     DA   ,    Frederick     IO       et al.       Quality of life in persons 


with irritable bowel syndrome: development and validation of a new meas-
ure  .   Dig Dis Sci     1998  ;  43  :  400   –    11  .  


    20   .      Enck     P   ,    Kaiser     C   ,    Felber     M       et al.       Circadian variation of rectal sensitivity and 
gastrointestinal peptides in healthy volunteers  .   Neurogastroenterol Motil   
  2009  ;  21  :  52   –    8  .  


  21   .      Hoogerwerf     WA   ,    Hellmich     HL   ,    Cornelissen     G       et al.       Clock gene expression 
in the murine gastrointestinal tract: endogenous rhythmicity and eff ects of 
a feeding regimen  .   Gastroenterology     2007  ;  133  :  1250   –    60  .  


  22   .      Hoogerwerf     WA   ,    Shahinian     VB   ,    Cornelissen     GG       et al.       Rhythmic changes 
in colonic motility are regulated by period genes  .   Am J Physiol Gastrointest 
Liver Physiol     2009  ;  298  :  G143   –    50  .  


  23   .      Hoogerwerf     WA   ,    Sinha     M   ,    Conesa     A       et al.       Transcriptional profi ling of mRNA 
expression in the mouse distal colon  .   Gastroenterology     2008  ;  135  :  2019   –    29  .  


   24   .      Rao     SS   ,    Sadeghi     P   ,    Beaty     J       et al.       Ambulatory 24-h colonic manometry in 
healthy humans  .   Am J Physiol Gastrointest Liver Physiol     2001  ;  280  :  G629   –    39  .               

















































































































doi: 10.1111/j.1365-2869.2010.00890.x


Sleep disorders and work performance: findings from the


2008 National Sleep Foundation Sleep in America poll


LE SL I E M . SWANSON 1 , J . TODD ARNEDT 1 , MARK R . ROSEK IND 2 ,


GREGORY BELENKY 3 , THOMAS J . BALK IN 4 and CHR I STOPHER DRAKE 5


1Department of Psychiatry, University of Michigan, Ann Arbor, MI, 2Alertness Solutions, Cupertino, CA, 3Sleep Performance Research Center,


Washington State University, WA, 4Department of Behavioral Biology, Walter Reed Institute of Research, Silver Spring, MD and
5Sleep Disorders and Research Center, Henry Ford Hospital, Detroit, MI, USA


Accepted in revised form 20 August 2010; received 6 May 2010


SUMMARY Chronic sleep deprivation is common among workers, and has been associated with


negative work outcomes, including absenteeism and occupational accidents. The


objective of the present study is to characterize reciprocal relationships between sleep


and work. Specifically, we examined how sleep impacts work performance and how


work affects sleep in individuals not at-risk for a sleep disorder; assessed work


performance outcomes for individuals at-risk for sleep disorders, including insomnia,


obstructive sleep apnea (OSA) and restless legs syndrome (RLS); and characterized


work performance impairments in shift workers (SW) at-risk for shift work sleep


disorders relative to SW and day workers. One-thousand Americans who work 30 h per


week or more were asked questions about employment, work performance and sleep in


the National Sleep Foundation�s 2008 Sleep in America telephone poll. Long work


hours were associated with shorter sleep times, and shorter sleep times were associated


with more work impairments. Thirty-seven percent of respondents were classified as


at-risk for any sleep disorder. These individuals had more negative work outcomes as


compared with those not at-risk for a sleep disorder. Presenteeism was a significant


problem for individuals with insomnia symptoms, OSA and RLS as compared with


respondents not at-risk. These results suggest that long work hours may contribute to


chronic sleep loss, which may in turn result in work impairment. Risk for sleep


disorders substantially increases the likelihood of negative work outcomes, including


occupational accidents, absenteeism and presenteeism.


k e y w o r d s absenteeism, occupational accidents, presenteeism, sleep disorders,


sleepiness, work


INTRODUCTION


Employed Americans spend much of their time working or


sleeping (Basner et al., 2007), but the relationships between


sleep and work in the USA are understudied. Recent studies of


Americans have shown direct relationships between work


hours and total sleep time. The more time an individual spends


working, the less time they spend sleeping, even on non-


workdays (Basner et al., 2007; Krueger and Friedman, 2009).


Americans who report sleeping <6 h per night have longer


work hours, and the odds of being a short sleeper have


increased for full-time workers over the past 31 years (Knut-


son et al., 2010). As workdays become longer and technology


allows us to work from home at any time in the 24-h day, there


is a real need to assess how work habits impact sleep and how


sleep impacts work performance in the USA. Furthermore,


considering that a large proportion of the American popula-


tion is at-risk for experiencing a sleep disorder (Ancoli-Israel


and Roth, 1999; Hiestand et al., 2006; Ohayon, 2002; Phillips


et al., 2006), it is particularly important to quantify work-


related outcomes for these individuals.
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Sleep disorders that may impact professional outcomes


include insomnia, obstructive sleep apnea (OSA) and shift


work sleep disorder (SWSD). Reduced productivity (often


termed presenteeism) and absenteeism are the most widely


reported work performance impairments in individuals with


insomnia (Daley et al., 2008; Erman et al., 2008; Godet-Cayre


et al., 2006; Kleinman et al., 2009; Leger et al., 2002, 2006;


Ozminkowski et al., 2007; Walsh et al., 2007). Occupational


accidents were more common among French employees


characterized as experiencing severe insomnia as compared


with matched good sleepers (Leger et al., 2002). Individuals


with OSA report more problems with concentration and


learning, and higher rates of occupational accidents and


injuries as compared with non-snoring controls (Lindberg


et al., 2001; Spengler et al., 2004; Ulfberg et al., 1996).


Recently, SWSD has emerged as an area of interest for


occupational medicine. Literature on this disorder remains


sparse, and the disorder itself has not been clearly defined.


There are no published studies that have considered the effects


of SWSD on work performance. However, there is emerging


evidence to suggest increased morbidity in shift workers (SW)


with sleep problems. When compared with SW without sleep


complaints, SW with symptoms of insomnia or excessive


sleepiness report a fourfold increase in ulcers, more than twice


the rate of depression and more frequent sleepiness-related


accidents (Drake et al., 2004).


We sought to address several gaps in the existing literature


on work and sleep in the present study. First, most previous


studies have relied on liberal definitions of sleep disorders,


which may overestimate the impact of sleep disturbances on


work performance. Studies using more strict criteria to define


those at-risk for sleep disorders are needed to describe the


specific contributions of likely sleep disorders to work prob-


lems for Americans. Moreover, most of the research on work


correlates of individuals with sleep disorders has quantified


outcomes using variables such as absenteeism and occupa-


tional accidents, which are low-incidence events and may not


fully capture the nature or scope of work-related impairment


for these individuals. Sleep disorders likely adversely affect


day-to-day on-the-job performance, such as cognitive impair-


ments, mood problems that impact relationships with


co-workers and presenteeism (i.e. being physically present at


a job but unable to perform to capacity because of physical or


mental illness), yet these variables have received less attention


in the literature. Finally, no research studies published to-date


have examined work performance outcomes for individuals at-


risk for restless legs syndrome (RLS) or SW at-risk for SWSD.


In the present study, data from the 2008 National Sleep


Foundation�s (NSF) Sleep in America poll, a national survey


of American workers, were used to quantify and characterize


the reciprocal relationships between work and sleep.


We hypothesized that those participants who reported working


long hours would report shorter total sleep times, more


daytime sleepiness and poorer work performance. With respect


to the relationship between sleep and work, we predicted that


individuals who reported poorer sleep quality or short sleep


times would also report more negative work outcomes.


We also hypothesized that participants classified as at-risk


for any sleep disorder (insomnia, OSA, RLS) would report


more negative work outcomes when compared with partici-


pants who were not classified as at-risk for any sleep disorder.


Finally, we predicted that SW at-risk for SWSD would report


more impairment in work performance relative to SW and day


workers (DW).


MATERIALS AND METHODS


Data were obtained from the 2008 Sleep in America poll, a


telephone-based annual survey conducted by theNSF. The 2008


survey focused on work and sleep. Telephone numbers were


obtained from a purchased random sample, with quotas


established by region based on USA population demographics.


Interviews, which averaged 21 min long, were conducted over


the telephone by WB&AMarket Research between 25 Septem-


ber 2007 and 19 November 2007. Most interviews were


conducted on weekdays between Eastern Standard Time 17:00


and 21:00 hours, Saturdays between 10:00 and 14:00 hours, and


Sundays between 16:00 and 20:00 hours. Participants were 1000


residents of the continental USA aged 18 years or older, and


working 30 h or more per week for pay. The response rate was


17%,whichwas calculated by dividing the number of completed


interviews by the number of contacted households who refused


participation or did not qualify. The response rate was lower


than might be expected because only individuals who were


employed 30 h or more per week qualified for the study.


Participants were asked questions regarding demographics,


employment, sleep, daytime functioning and health. Institu-


tional review board approval is not required to conduct or


publish the results of a poll without any individual identifying


information that is conducted by a non-profit independent


organization.


Available sleep variables were used to classify participants as


�at-risk� for sleep disorders. The classification schemes were


developed to be as consistent with International Classification


of Sleep Disorders criteria (ICSD-2; American Academy of


Sleep Medicine, 2005) as possible. Participants were considered


to have insomnia symptoms if they reported difficulty with


sleep onset, maintenance or early morning awakenings at least


a few nights per week, and reported that daytime sleepiness


interfered with their functioning at least a few days per week.


The daytime sleepiness criterion served as a symptom of


daytime functioning impairment related to insomnia. Risk for


OSA was determined by positive scores on two or more of the


following, based on the STOP questionnaire (Chung et al.,


2008) : snoring at least a few nights per week, currently


receiving treatment for hypertension, Epworth Sleepiness Scale


(ESS) ‡10 or body mass index (BMI; calculated using self-


reported height and weight) of 30 or greater. Participants were


classified as experiencing symptoms of RLS if they reported


unpleasant sensations in their legs at least a few nights per


week that were worse in the evening. Participants were


considered at-risk for SWSD if they were classified as SW
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(defined as work start time between 18:00 and 06:00 hours)


and experienced insomnia symptoms as defined above or


reported excessive sleepiness (ESS ‡10).
Relationships between work and sleep variables were exam-


ined for the subset of healthy participants (those classified as not


at-risk for any sleep disorder). To examine associations between


work hours and sleep, chi-square tests of association and one-


way anovas (with Bonferroni correction for multiple compari-


sons) were performed between hours worked per week and sleep


variables. We compared participants who reported working


approximately full-time (those who worked 30–40 h per week),


overtime (those who worked 41–59 h per week) and those who


reported extended work hours (‡60 h). Relationships between


total sleep time and work performance outcomes were assessed


using one-way anovas (with Bonferroni correction for multiple


comparisons). To facilitate comparisons, participants were


grouped by total sleep time on workdays (<6 h; 6–8 h; >8 h).


Relationships between sleep quality (as measured by frequency


of good nights of sleep per week) and work performance


outcomes were assessed using t-tests between participants who


reported a good night sleep at least a few nights per week (good


sleep quality) and those who reported a good night sleep only a


few times per month or less (poor sleep quality).


Logistic regressions (adjusted for the effects of age, gender


and BMI) were used to predict the odds ratios [OR; with 95%


confidence intervals (CI)] of various work outcomes for


individuals at-risk for any sleep disorder, as well as those


at-risk for insomnia, OSA and RLS. Logistic regression


models using OSA as a predictor variable were not adjusted


for BMI, as BMI was one of the criteria used to classify


participants as at-risk for OSA. To facilitate logistic regression


analyses, several variables were recoded from Likert-type


scales to dichotomous variables. Variables assessing lost work


time due to sleepiness (including absenteeism, arriving late to


work or leaving early, and falling asleep at work) were recoded


as positive for those participants who reported such occur-


rences more than 1 day in the past month. Negative work


performance outcomes were grouped into domains, including


cognitive (difficulty concentrating, difficulty with organization,


mistakes), mood (becoming impatient with others at work,


avoiding social interactions with co-workers, boredom) and


presenteeism (decreased productivity, failure to finish assigned


tasks). For the logistic regression analyses, these outcomes


were recoded as positive for participants who reported such


problems as occurring a few days per week or more.


RESULTS


Sample characteristics


Demographic and employment characteristics of the sample


are summarized in Table 1. Participants ranged in age from


18 to 91 years. The mean age was 47 years (SD = 11).


Comparison of sample demographic characteristics with the


Bureau of Labor Statistics 2007 Current Population Survey


data on employed persons aged 16 years and older shows that


the poll sample closely matches the Current Population Survey


national sample, although there were fewer Hispanic workers,


more married individuals and more white collar workers in the


poll sample.


For the total sample, participants reported sleeping, on


average, 6.7 h on workdays and 7.4 h on non-workdays, and


described a total sleep need of between 7 and 8 h per night to


be at their best during the next day. Approximately half of the


participants (49%) reported that they experienced non-


refreshing sleep a few nights per week or more, with nearly


as many (42%) reporting frequent awakenings at night a few


nights per week or more, and 26% reporting difficulty falling


asleep a few nights per week or more. With respect to daytime


sleepiness, approximately 18% of the sample scored ‡10 on


the ESS, 29% reported extreme sleepiness or falling asleep at


work in the past month, and 20% reported that their intimate


relationships are affected by sleepiness. Nearly half the sample


(48%) reported snoring a few nights per week or more.


Associations between work hours, sleep and work performance


in participants not at-risk for any sleep disorder


Work hours and sleep


Basic sleep characteristics for participants not at-risk for any


sleep disorder are shown in Table 2, for the subsample and by


work hours category. Participants who reported working


extended hours (‡60 h) reported significantly less sleep on


workdays and non-workdays as compared with those who


reported working full-time or overtime schedules. Significantly


more participants (30%) who worked extended hours reported


that their work schedule did not allow them to get enough


sleep [versus 4 and 14% of full-time and overtime workers,


Table 1 Participant characteristics


NSF poll sample % CPS %


Male 55 58


Race


Caucasian 84 82


African–American 8 11


Hispanic 5 14


Marital status


Married ⁄ partnered 73 58


Single 13 25


Divorced ⁄widowed 14 16


Occupational classification


White collar 55 45


Gray collar 23 32


Blue collar 22 23


Shift worker 7


Annual household income


Income <15–35 K 16


Income 35–50 K 15


Income 50–75 K 24


Income >75 K 36


CPS, 2007 Bureau of Labor Statistics Current Population Survey


for employed Americans aged 16 years and older; NSF, National


Sleep Foundation.
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respectively; v2 (2) = 49.11, P £ 0.001]. However, there were


no other differences in sleep characteristics or daytime sleep-


iness between the groups.


Sleep and work performance


Participants who reported sleeping <6 h per night on work-


days were more likely to report that their work schedule did


not allow them to get enough sleep (F2,629 = 9.81, P = 0.001)


as compared with participants who reported sleeping between


6 and 8 h or >8 h. Participants who reported sleeping <6 h


per night on workdays reported more avoidance of social


interactions with co-workers (F1,597 = 7.95, P = 0.020).


No other negative work performance outcomes were observed


between participants who reported sleeping <6 h and those


who reported sleeping 6–8 h or >8 h. Participants who


reported poor sleep quality were more likely to report


problems at work, including poor concentration (t257 = 5.69,


P < 0.001), difficulty with organization (t228 = 4.04,


P < 0.001) and impatience (t267 = 3.92, P < 0.001).


Associations between risk for sleep disorders and work


performance


Overall, 37% of the sample was characterized as at-risk for any


sleep disorder. Ninety-six participants (9.6%) were classified as


at-risk for more than one sleep disorder. Mean values for


negative work outcomes by sleep disorder category are shown


in Table 3. Logistic regression analyses were used to compare


dichotomous negative work outcomes for those participants


classified as at-risk for any sleep disorder (i.e. insomnia, OSA


or RLS) and for each individual sleep disorder, relative to


those classified as not at-risk for any sleep disorder.


Relative to participants classified as not at-risk for any sleep


disorder, participants at-risk for any sleep disorder were more


likely to report impairment in all domains examined, including


cognitive: difficulty with concentration (OR = 3.32,


CI = 2.08–5.29, P < 0.001) and problems with organization


(OR = 2.76, CI = 1.56–4.9, P = 0.001); mood: impatience


with others (OR = 1.57, CI = 1.12–2.21, P = 0.009), avoid-


ing interactions with co-workers (OR = 2.24, CI = 1.3–3.85,


P = 0.004) and boredom (OR = 1.57, CI = 1.09–2.26,


P = 0.016); presenteeism: decreased productivity


(OR = 3.26, CI = 1.83–5.81, P < 0.001); and missed work


time due to sleepiness, including absenteeism (OR = 3.54,


CI = 1.35–9.28, P = 0.010) and falling asleep at work


(OR = 1.65, CI = 1.22–2.25, P = 0.001).


Relative to participants not at-risk for any sleep disorder,


participants with insomnia symptoms had increased odds for


reporting a variety of negative work outcomes. They reported


difficulty with cognitive tasks at work, including problems with


concentration (OR = 5.19, CI = 2.96–9.12, P < 0.001) and


organization (OR = 3.44, CI = 1.69–7.00, P = 0.001). They


were also more likely to report experiencing mood-related


problems at work, including impatience (OR = 2.25, CI =


1.42–3.58, P = 0.001), avoiding interactions with co-workers


(OR = 3.51, CI = 1.79–6.89, P < 0.001) and boredom


(OR = 2.16, CI = 1.27–3.52, P = 0.002). Presenteeism was


alsoobserved in individuals at-risk for insomnia symptoms,with


increased odds for reporting decreased productivity


(OR = 5.49, CI = 2.75–10.95, P < 0.001). Furthermore,


participants with insomnia symptoms were at significantly


increased odds for reportingmissed work time due to sleepiness,


including absenteeism (OR = 6.76, CI = 2.37–19.28, P <


0.001), leaving work early (OR = 2.69, CI = 1.22–5.95,


P = 0.014) and falling asleep at work (OR = 4.17, CI =


2.68–6.49, P < 0.001). Moreover, they also had a higher OR


for experiencing an occupational accident in the past year


(OR = 2.28, CI = 1.11–4.74, P = 0.026).


Those participants classified as at-risk for OSA, relative to


participants not at-risk for a sleep disorder, were at increased


odds for difficulty with cognitive tasks at work, including


Table 2 Sleep characteristics by hours worked per week for participants not at-risk for any sleep disorder


30–40 h week)1


n = 364


41–59 h week)1


n = 189


‡60 h week)1


n = 80


Total not at-risk


n = 633


Mean (SD) or n (%) Mean (SD) or n (%) Mean (SD) or n (%) Mean (SD) or n (%)


TST


TST workdays, h 6.8 (1.1) 6.9 (0.9) 6.4 (0.9)� 6.8 (1.1)


TST non-workdays, h 7.5 (1.3) 7.6 (1.2) 7.1 (1.2)� 7.5 (1.3)


Sleep quality


Difficulty falling asleep* 71 (20) 38 (20) 15 (19) 124 (20)


Frequent awakenings* 124 (34) 70 (37) 25 (31) 219 (35)


Unrefreshing sleep* 136 (38) 89 (48) 32 (40) 257 (41)


Daytime sleepiness


Sleepiness interferes with


daily activities*
13 (4) 5 (3) 1 (1) 19 (3)


ESS ‡10 36 (10) 23 (12) 10 (13) 69 (11)


*Occurring a few days per week or more.
�Versus 30–40 h week)1 and 41–59 h week)1, F1,600 = 8.52, P = 0.002.
�Versus 30–40 h week)1 and 41–59 h week)1, F1,601 = 4.15, P = 0.045.


ESS, Epworth Sleepiness Scale; TST, total sleep time.
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problems with concentration (OR = 2.22, CI = 1.23–4.01,


P = 0.008) and organization (OR = 2.78, CI = 1.30–5.91,


P = 0.008). They were also more likely to report decreased


productivity (OR = 3.12, CI = 1.57–6.18, P = 0.001). With


respect to missed work time, they were at increased odds for


absenteeism due to sleepiness (OR = 6.06, CI = 1.93–19.04,


P = 0.002) and falling asleep at work (OR = 1.62,


CI = 1.11–2.34, P = 0.012).


Relative to participants not at-risk for any sleep disorder,


participants with RLS symptoms also had increased OR for


difficulty with cognitive tasks at work, including problems with


concentration (OR = 4.69, CI = 2.54–8.68, P < 0.001) and


organization (OR = 4.32, CI = 1.90–9.83, P < 0.001); addi-


tionally, they were more likely to report experiencing impa-


tience with co-workers (OR = 1.96, CI = 1.19–3.22,


P = 0.008). Participants at-risk for RLS also evidenced


presenteeism: they were more likely to report decreased


productivity (OR = 3.99, CI = 1.85–8.62, P < 0.001) and


failure to finish assigned tasks (OR = 4.06, CI = 1.57–10.50,


P = 0.004). Finally, they also had increased odds of falling


asleep at work (OR = 1.88, CI = 1.18–3.00, P = 0.007).


The effects of shift work


Of the participants classified as SW, 21% reported symptoms


consistent with SWSD (1.5% of all participants). Table 4


shows mean values for negative work outcomes for SW, DW


and SWSD. Logistic regressions were calculated comparing


SW with DW, SWSD with DW, and SWSD with SW.


Relative to DW, SW were at increased odds for falling


asleep at work (OR = 1.75, CI = 1.02–2.99, P = 0.041) and


experiencing an occupational accident in the past year


(OR = 2.77, CI = 1.27–6.02, P = 0.01). Relative to DW,


SWSD were found to have increased odds for several negative


work outcomes, including mood-related impairment, such as


impatience (OR = 3.86, CI = 1.27–11.77, P = 0.018), avoid-


ing interactions with co-workers (OR = 6.01, CI = 1.79–


20.24, P = 0.004) and boredom (OR = 3.71, CI = 1.21–


11.65, P = 0.022), as well as falling asleep at work


(OR = 5.62, CI = 1.69–18.61, P = 0.005). They were also


at an increased risk to report experiencing an occupational


accident in the past year (OR = 4.36, CI = 1.15–16.48,


P = 0.03). Relative to SW, SWSD were found to have


increased odds for impatience at work (OR = 3.86,


CI = 1.27–11.77, P = 0.018) and avoiding interactions with


co-workers (OR = 6.01, CI = 1.79–20.24, P = 0.004).


DISCUSSION


The results from this NSF poll of American workers found


that employed Americans get less sleep than they need to


function well at work. When they do sleep, nearly half of the


Table 3 Negative work outcomes by sleep disorder


Any sleep disorder


n = 367


Insomnia


n = 109


OSA


n = 247


RLS


n = 108


Not at-risk


n = 633


Mean (SD) t-test Mean (SD) t-test Mean (SD) t-test Mean (SD) t-test Mean (SD)


Cognitive


Difficulty with


concentration�
2.3 (1.2) )4.2*** 2.6 (1.4) )5.2*** 2.2 (1.1) )2.8** 2.4 (1.3) )3.5*** 1.9 (0.9)


Problems with


organization�
1.8 (1) )2.9** 2.0 (1.2) )3.0** 1.8 (1.0) )2.4* 1.8 (1.1) )2.0* 1.6 (0.9)


Mistakes� 1.7 (0.9) )2.4* 1.8 (0.9) )2.4* 1.6 (0.8) )1.3 1.7 (0.9) )1.9 1.6 (0.7)


Mood


Impatience� 2.6 (1.3) )2.4* 3.0 (1.4) )4.4*** 2.5 (1.3) )0.8 2.7 (1.4) )2.2* 2.4 (1.2)


Avoids interactions� 1.8 (1.2) )3.3*** 2.2 (1.5) )4.2*** 1.7 (1.1) )2.2* 1.7 (1.1) )1.2 1.5 (0.9)


Boredom� 2.3 (1.4) )2.1* 2.6 (1.5) )3.5*** 2.3 (1.3) )1.5 2.2 (1.3) )0.6 2.1 (1.3)


Presenteeism


Decreased


productivity�
2 (1.1) )4.2*** 2.3 (1.2) )4.7*** 1.9 (1.1) )3.1** 2.0 (1.1) )2.5* 1.7 (0.8)


Failure to finish


assigned tasks�
1.5 (0.8) )2.1* 1.6 (1.0) )2.7** 1.5 (0.8) )1.9 1.5 (1.0) )1.5 1.4 (0.7)


Missed work time


Late to work� 1.3 (0.8) )0.9 1.5 (1.0) )2.1* 1.2 (0.7) )0.1 1.4 (1.1) )1.6 1.2 (0.8)


Absenteeism� 1.1 (0.3) )2.5** 1.1 (0.5) )2.5* 1.1 (0.3) )2.2* 1.0 (0.3) )1.0 1.0 (0.1)


Leaving early� 1.1 (0.5) )1.5 1.2 (0.7) )2.2* 1.1 (0.5) )1.2 1.1 (0.5) )1.1 1.1 (0.3)


Falling asleep


at work�
2.0 (1.5) )5.1*** 2.7 (1.8) )6.9*** 1.9 (1.4) )4.2*** 2.0 (1.5) )3.5*** 1.5 (1.0)


For all t-tests, the comparison group is the �not at-risk� sample.
�Items are scored on a Likert-type scale: 1 = never, 2 = rarely, 3 = a few days per month, 4 = a few days per week, 5 = every day or almost


every day.
�Items are scored on a Likert-type scale: 1 = never, 2 = 1 day, 3 = 2–3 days, 4 = 4–5 days, 5 = 6–10 days, 6 = >10 days.


OSA, obstructive sleep apnea; RLS, restless legs syndrome.


*P < 0.05; **P < 0.01; ***P < 0.001.
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participants describe poor sleep quality. Not surprisingly, a


striking number of participants (29%) report extreme sleepi-


ness or falling asleep at work in the past month, and 20%


report that this sleepiness negatively affects their relationships.


Long work hours are a likely contributor to the sleep problems


observed in our sample. One-third of participants reported


working 50 h per week or more, and 13% reported working in


excess of 60 h per week.


Among those participants not classified as at-risk for a sleep


disorder, working extended hours had negative effects on sleep,


and short total sleep times and poor sleep quality were


associated with more work impairment. Participants who


reported working extended hours were much more likely to


report that their work schedule interfered with their ability to


sleep as much as they needed. Our hypothesis that long work


hours would be associated with shorter total sleep times was


supported; individuals who reported extended work hours


slept more than 30 min less on average on both workdays and


non-workdays, which is consistent with previous studies


(Basner et al., 2007; Knutson et al., 2010; Krueger and


Friedman, 2009). Participants who worked long hours did


not report more daytime sleepiness or more impairment at


work. This was an unexpected finding, particularly considering


that these individuals slept fewer hours on both workdays and


non-workdays, suggesting that they are not making up for lost


sleep on non-workdays. There are a few possible explanations


for this. Naturally short sleepers may self-select jobs that


involve long work hours. Alternatively, they may not be


cognizant of their impairments or level of sleepiness because of


the effects of chronic sleep restriction (Van Dongen et al.,


2003).


We predicted that individuals who had poor sleep quality


and short total sleep times would also report more negative


work outcomes. Independent of sleep duration, poor sleep


quality was associated with impairments at work, including


difficulty with concentration and organization, and impatience


with co-workers. Participants who reported shorter total sleep


times were more likely to report avoiding social interaction


with colleagues at work. These findings illustrate the impor-


tance of examining sleep quality in addition to sleep duration.


Risk for sleep disorders, which are another potential


contributor to chronic sleep loss, was present in more than


one-third (37%) of the sample. Consistent with previous


population-based studies of sleep disorders, including past


NSF polls, 11% of the current sample was classified as


experiencing insomnia symptoms (Ancoli-Israel et al., 2003;


Ohayon, 2002), 11% were classified as experiencing symptoms


of RLS (Phillips et al., 2006) and 25% were classified as at-risk


for OSA (Hiestand et al., 2006). As we hypothesized, partic-


ipants classified as at-risk for any sleep disorder reported more


work-related impairments, including significant problems


related to cognitive and mood-related performance at work,


presenteeism and absenteeism.


Of all of the sleep disorders in this study, experiencing


symptoms consistent with insomnia was associated with the


most negative outcomes at work, including impairment in both


cognitive and mood-related work domains, as well as presen-


teeism. These findings are a logical extension of previous work


that has shown far-reaching negative impacts of insomnia on


multiple quality of life domains (Kyle et al., 2010). The


increased risk for mood-related work problems is consistent


with research showing higher rates of depression and anxiety


Table 4 Negative work outcomes for SW and DW


SW SWSD DW


Mean (SD) t-test Mean (SD) t-test Mean (SD)


Cognitive


Difficulty with concentration� 1.9 (1) 1.2 2.4 (1.4) )1.1 2.1 (1)


Problems with organization� 1.5 (0.8) 1.9 1.6 (0.9) 0.1 1.7 (0.9)


Mistakes� 1.7 (0.9) )0.06 2.1 (1.2) )2.3 1.6 (0.8)


Mood


Impatience� 2.7 (1.4) )1.2 3.7 (1.3) )3.7** 2.48 (1.2)


Avoids interactions� 1.7 (1.2) )0.9 2.5 (1.5) )2.2* 1.6 (1)


Boredom� 2.4 (1.4) )1.2 2.9 (1.4) )1.9 2.16 (1.3)


Presenteeism


Decreased productivity� 1.8 (1) 0.2 2.3 (1.2) )1.8 1.8 (0.9)


Failure to finish assigned tasks� 1.4 (0.8) 0.5 1.8 (1.1) )1.9 1.4 (0.8)


Missed work time


Late to work� 1.1 (0.4) 2.9** 1.3 (0.6) )0.2 1.3 (0.8)


Absenteeism� 1 (0.1) 0.5 1.1 (0.3) )0.8 1 (0.2)


Leaving work early� 1.1 (0.4) 0.1 1.2 (0.8) )0.7 1.1 (0.4)


Falling asleep at work� 2.1 (1.6) )2.2* 3.1 (1.8) )3.0** 1.6 (1.2)


For all t-test comparisons, the comparison group are DW.
�Items are scored on a Likert-type scale: 1 = never, 2 = rarely, 3 = a few days per month, 4 = a few days per week, 5 = every day or almost


every day.
�Items are scored on a Likert-type scale: 1 = never, 2 = 1 day, 3 = 2–3 days, 4 = 4–5 days, 5 = 6–10 days, 6 = >10 days.


DW, day workers (n = 916); SW, shift workers (n = 67); SWSD, shift work sleep disorder (n = 14).


*P < 0.05; **P < 0.01.


492 L. M. Swanson et al.


� 2010 European Sleep Research Society, J. Sleep Res., 20, 487–494







in individuals with insomnia (Breslau et al., 1996; Buysse


et al., 1994; Neckelmann et al., 2007; Taylor et al., 2005).


In addition, absenteeism and falling asleep at work were much


more likely for these participants compared with respondents


not at-risk for any sleep disorder. Of particular concern,


participants with insomnia symptoms had a twofold increase


in risk for occupational accidents. These results are largely


congruent with findings from other studies that have examined


relationships between insomnia and self-reported work pro-


ductivity and efficiency (Daley et al., 2008; Erman et al., 2008;


Leger et al., 2002, 2006; Linton and Bryngelsson, 2000; Walsh


et al., 2007). It is clear from these data that individuals with


insomnia experience a wide variety of work problems, includ-


ing both low-incidence outcomes such as absenteeism and


occupational accidents, as well as more subtle negative


outcomes consistent with presenteeism. Two recent studies


suggest that these work deficits can be substantially improved


for these individuals with treatment of the chronic insomnia


(Erman et al., 2008; Walsh et al., 2007).


Similar to findings from previous research on OSA and


work performance (Lindberg et al., 2001; Spengler et al., 2004;


Ulfberg et al., 1996, 2000), we found that individuals at-risk


for OSA were more likely to report presenteeism, absenteeism,


falling asleep at work and problems related to cognitive


functioning at work. However, in contrast to Lindberg et al.


(2001) and Spengler et al. (2004), individuals at-risk for OSA


in the present study did not have increased odds of reporting


that they have experienced an occupational accident in the past


year. Methodological differences (e.g. how risk for OSA was


defined, self-report versus objective data on accidents) likely


contributed to this discrepancy.


This is the first study to examine work outcomes for


individuals at-risk for RLS. Participants who reported symp-


toms consistent with RLS reported significant problems in the


work domains of cognitive impairment, presenteeism and


falling asleep at work. However, in contrast to respondents


with insomnia symptoms, participants with RLS symptoms


were not more likely to be at-risk for occupational accidents


and absenteeism, and had less impairment at work related to


mood problems.


The effects of shift work are understudied. In this investi-


gation, a significant proportion of SW reported symptoms


consistent with SWSD (21%). Consistent with findings from


Drake et al. (2004), the most negative work outcomes were


observed for those SW who reported symptoms of insomnia or


excessive daytime sleepiness (i.e. at-risk for SWSD). Significant


sleepiness at work or falling asleep at work was more common


for these participants, and they were four–six times more likely


to experience mood-related work impairment, including impa-


tience with others, avoidance of social interactions and


boredom. Their risk of occupational accidents is further cause


for alarm, as SW at-risk for SWSD were four times more likely


to report experiencing such accidents. Comparisons in our


sample between SW and DW showed that SW were at a nearly


threefold risk for occupational accidents and more likely to fall


asleep at work.


There are several limitations to this study. The cross-


sectional study design is a methodological concern, as it does


not permit conclusions about causality or the direction of


associations. Use of multiple statistical analyses may have


increased the risk for type I error, and the results should be


interpreted accordingly. Although we defined risk for sleep


disorders based on ICSD-2 criteria, it is likely that some


participants with sleep disorders may have been misclassified


both as having a sleep disorder and within the sleep disorders


category. Our ability to classify participants into diagnostic


categories was limited by the questions asked during the poll.


While a more precise method of diagnosis is desirable, it is also


impractical for a large-scale study. The assessment of work


performance consisted of single-item questions for each


domain. While face-valid, these questions have not been


formally validated. Replication of these findings with a


validated measure of work performance is important. The


racial composition and occupational classification (i.e. white,


blue, gray collar) of the sample were consistent with those


reported by the Bureau of Labor Statistics for workers in the


USA who are employed full-time. Nevertheless, our sample


was heavily Caucasian, older (average age was late 40s) and


more than one-third reported an annual household income


>$75 000. This may limit the generalizability of the findings to


other racial groups, younger individuals and those of lower


socioeconomic status. Finally, we relied entirely on self-report


for our measures, which may result in social desirability bias.


The field of research on sleep and work is ripe for further


exploration. Use of methodologies beyond cross-sectional


designs are important to more fully appreciate the nature of


the complex relationships between sleep, sleep disorders and


work performance. Employing objective measures of work


performance and sleep (e.g. wrist actigraphy, polysomnogra-


phy) and using prospective methods (e.g. daily sleep diaries)


are critical to our understanding of how sleep affects perfor-


mance at work and how work hours impact sleep. Research


using more definitive diagnostic methods for sleep disorders


and examination of changes in work performance after


treatment for sleep disorders is also crucial. Finally, to know


whether relationships between sleep and work are different


across diverse populations, future research should include


participants from traditionally understudied groups (e.g. non-


Caucasian races ⁄ ethnicity, individuals with lower socioeco-


nomic status, younger adults). In summary, this national poll


of American workers showed that longer work hours are


associated with shorter sleep times. We studied individuals


at-risk for four major sleep disorders, including insomnia,


OSA, RLS and SWSD. Using work outcomes that included


low-frequency, high-impact variables (e.g. absenteeism, occu-


pational accidents), as well as more subtle, daily outcome


variables (e.g. presenteeism, cognitive and mood-related


problems) allowed us to more completely describe work


impairments. The results of this study support the need for


increased public awareness of the impact of untreated sleep


disorders on work performance, as well as the associations


between long work hours and problems due to sleepiness.
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Employers may benefit from screening for sleep disorders in


their employee assistance programs, by offering work-based


educational programs that increase awareness of the detri-


ments associated with long work hours and sleep problems,


and dedicating more resources to treatments for sleep disor-


ders in their employees. Reduced absenteeism, increased


productivity and fewer occupational accidents are just a few


of the potential benefits employers may realize from such


programs. In turn, their employees may experience improved


quality of life at work. Increasing resources for education,


diagnosis and treatment of sleep disorders would profit


employers, their employees and our society at large.
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Opinion statement


With the growth of the 24-hour global marketplace, a substantial proportion of workers
are engaged in nontraditional work schedules and frequent jet travel across multiple
time zones. Thus, shift work disorder and jet lag are prevalent in our 24/7 society
and have been associated with significant health and safety repercussions. In both dis-
orders, treatment strategies are based on promoting good sleep hygiene, improving
circadian alignment, and targeting specific symptoms.
Treatment of shift work must be tailored to the type of shift. For a night worker, cir-
cadian alignment can be achieved with bright light exposure during the shift and
avoidance of bright light (with dark or amber sunglasses) toward the latter portion
of the work period and during the morning commute home. If insomnia and/or exces-
sive sleepiness are prominent complaints despite behavioral approaches and adequate
opportunity for sleep, melatonin may be administered prior to the day sleep period to
improve sleep, and alertness during work can be augmented by caffeine and wake-
promoting agents.
For jet lag, circadian adaptation is suggested only for travel greater than 48 h,
with travel east more challenging than travel west. Although advancing sleep and
wake times and circadian timing for eastward travel with evening melatonin and
morning bright light several days prior to departure can help avoid jet lag at the
new destination, this approach may be impractical for many people, Therefore,
strategies for treatment at the destination, such as avoidance of early morning light
and exposure to late-morning and afternoon light alone or in conjunction with bedtime
melatonin, can accelerate re-entrainment following eastward travel. For westward
travel, a circadian delay can be achieved after arrival with afternoon and early-evening
light with bedtime melatonin.
Good sleep hygiene practices, together with the application of circadian principles, can
improve sleep quality, alertness, performance, and safety in shift workers and jet travelers.
However, definitivemulticenter randomized controlled clinical trials are still needed, using
traditional efficacy outcomes such as sleep and performance as well as novel biomarkers
of health.







Introduction
Humans have an endogenous circadian rhythm
slightly longer than 24 h. The International Classifi-
cation of Sleep Disorders describes nine circadian
rhythm disorders defined by a persistent or recurrent
pattern of sleep disturbance resulting from either
alterations of the circadian timekeeping system or
misalignment between the endogenous circadian
rhythm and exogenous factors that affect the timing
and duration of sleep [1]. Shift work disorder and
jet lag are two circadian rhythm disorders that occur
due to the alteration of the external environment
relative to the internal circadian timing system
[2].


Shift work disorder
As of 1991, 20% of the United States workforce partic-
ipated in some type of shift work [3]. Of these, more
than 30% of night workers and 25% of rotating shift
workers meet criteria for shift work sleep disorder
[3]. In Europe, only 24% of the workforce keeps con-
ventional working hours, and 18.8% have a work
schedule that involves night shift work [4]. Shift work
disorder is characterized by both insomnia and exces-
sive sleepiness associated with the work period occur-
ring during the usual time for sleep [1]. The diagnosis
requires that symptoms are of at least 1 month’s dura-
tion and circadian misalignment must be demonstrat-
ed with a sleep diary or actigraphy [1]. Insomnia and
excessive sleepiness are thought to be primarily due
to a misalignment between the scheduled sleep/wake
cycle and the circadian propensity for sleep and alert-
ness. Typically, the patient is attempting to sleep when
the circadian signal for alertness is high and working at
a time when the circadian alertness levels are low [1].
In addition to circadian factors, sleep is often short-
ened in shift workers because of problems with the en-
vironment for sleep and because domestic and social
responsibilities encroach on the worker’s nonconven-
tional sleep time [2]. Therefore, sleep loss, in addition
to circadian misalignment, contributes to decreased
alertness during night work [5]. Sleepiness in shift
workers can be profound: one third of night workers
admit to nodding off once a week during work, and
one half report falling asleep while commuting [6].
In addition to sleepiness, circadian misalignments in


performance have also contributed to serious acci-
dents, including the incidents at Three Mile Island
and Chernobyl and the Exxon Valdez disaster [5]. Shift
workers with shift work disorder are at higher risk for
cardiovascular disease, ulcers, depression, and absen-
teeism than shift workers without shift work disorder
[5]. Because of both public safety concerns and conse-
quences to the patient, treatment of shift work disor-
der is imperative.


Jet lag disorder
Jet lag disorder is defined as symptoms of insomnia
and/or excessive daytime sleepiness resulting from
travel across at least two time zones [1]. It is also asso-
ciated with compromised daytime function, general
malaise, or somatic complaints (eg, gastrointestinal
symptoms) occurring within 1 to 2 days of travel [1].
Unlike travel fatigue, jet lag symptoms do not resolve
with an adequate sleep period upon arrival and may
occur even when unfavorable air travel conditions
(cramped space, etc.) are minimized [7]. Because the
intrinsic clock cannot adjust to the change in time
zones as rapidly as we can traverse them with jet travel,
there is a resultant discord between the timing of sleep
as generated by the endogenous circadian rhythm and
the sleep/wake times necessary in the new time zone
[8••]. Eastward travel often results in sleep-onset in-
somnia as the endogenous circadian rhythm (as set
by the location of origin) is not conducive to sleep
at the new, earlier time at the destination; the circadi-
an rhythm must advance. In westward travel, difficul-
ties in remaining asleep are a more prominent
problem, as the circadian alerting signal occurs during
the desired sleep period at the new destination; the cir-
cadian rhythm must delay [7]. In either case, sleepi-
ness results from both circadian misalignment and
truncated sleep duration. In jet travel, it has been
demonstrated that the endogenous circadian rhythm
resets approximately 92 min later each day after a
flight westward and approximately 57 min earlier
each day after a flight eastward. Therefore it is more
difficult to align the intrinsic rhythm with the external
clock in eastward travel [9]. Alignment may occur in
the opposite direction (referred to as antidromic re-
entrainment) when traveling across more than eight
time zones [10]. In addition to the direction of travel
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and sleep loss, other factors that may influence the
severity of jet lag include the number of time zones
crossed, exposure to and the magnitude of local
circadian time cues (eg, alteration of light during
various times of the year), and individual variance
[11]. Thirty million US citizens traveled overseas in
2009, but the exact incidence of jet lag is unknown
[12]. Although jet lag is usually benign and transient,
it may become recurrent and problematic in those who
travel frequently and may result in occupational hazard.


Therapeutic strategies
To understand the therapeutic strategies used in
treating shift work disorder and jet lag, one must ap-
preciate how circadian and homeostatic processes
interact to regulate sleep and wakefulness. The mas-
ter clock regulating the endogenous circadian
rhythm is located in the suprachiasmatic nucleus
(SCN) located in the anterior hypothalamus [5].
The cycle of sleep and wake is the most prominent
circadian rhythm, with the highest propensity for
sleep occurring near the nadir of core body temper-
ature (occurring approximately 2 to 3 h before the
usual wake time) [2].


This circadian process interacts closely with the ho-
meostatic drive for sleep. SCN neurons are active dur-
ing the subjective day and are stimulated by light. As
the homeostatic drive for sleep accumulates with
wakefulness, SCN activity increases to maintain alert-


ness and then decreases in the evening, prior to sleep
time [5], facilitating sleep. Interestingly, pineal melato-
nin begins to rise about 2 h before sleep onset [5]. As
the homeostatic drive dissipates during sleep, SCN ac-
tivity remains low. It has been postulated that melato-
nin helps to maintain sleep by its ability to inhibit the
firing rate of the SCN neurons [5].


Light is the strongest cue synchronizing the circa-
dian clock to the external environment [5]. After light
is received by melanopsin-containing retinal gangli-
on cells, photic information is transmitted via the ret-
inohypothalamic tract to the suprachiasmatic nucleus
[2]. Light in the evening (before the core body tem-
perature minimum is reached) delays the circadian
rhythm, and light given in the morning (after the core
body temperature minimum is reached) advances the
circadian rhythm. The phase-response curve to light
demonstrates that the magnitude of phase shift is
greatest when light would usually be absent (during
the night).


Melatonin is a hormone regulated by the SCN and
secreted by the pineal gland. Melatonin levels begin to
rise 1 to 3 h before the habitual sleep time and peak
just prior to the core body temperature nadir [5]. In
contrast to light, melatonin given in the evening shifts
the circadian rhythm to an earlier time, and melatonin
given in the morning shifts it to a later time. The
phase-response curve to melatonin shows the largest
magnitude of change occurring at the time when endog-
enous secretion is the lowest (during the day).


Treatment


& The treatment of shift work disorder and jet lag is multifaceted and
includes strategies to achieve and maintain some degree of circa-
dian alignment (Fig. 1), improve sleep (using hypnotics, melatonin,
and behavioral approaches), and facilitate alertness (using light,
wake-promoting agents and sleep scheduling) (Table 1). In addi-
tion, good general sleep hygiene is an integral part of managing
both disorders. Measures include: regular sleep and wake times,
routine exercise (but not within three hours of bedtime), abstaining
from caffeine, nicotine, heavy meals, alcohol, and stressful or
stimulating activities near bedtime, and creating an environment
conducive for sleep [5].
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Treating shift work disorder


Diet and lifestyle


Scheduled sleep times


By dissipating the homeostatic drive for sleep, napping is an effective
strategy to counteract sleepiness in shift workers. Napping prior to night


Figure 1. In an individual with normal circadian phase, dim-light melatonin onset occurs 7 h prior to core body temperature
minimum, which is about 2 to 3 h before the usual wake time. The timing of the peak of melatonin secretion and core body
temperature minimum are associated with a high circadian propensity for sleep and occur within the sleep period during
normal conditions. A, In a night-work/day-sleep cycle, circadian sleep-promoting factors occur before the sleep period, so the
goal is a phase delay to align the endogenous clock with the external environment with appropriately timed light, avoidance of
light, and melatonin. B, With jet travel over six time zones east, the circadian propensity for sleep (as set by the origin of
travel) falls after the desired sleep period at the local time in the destination. A phase advance with appropriately timed light
and/or melatonin can accelerate circadian alignment. (Adapted from Kwon and Zee [5]).


Shift Work Disorder and Jet Lag Zee and Goldstein 399







shift work has been associated with decreased accidents and improved
alertness and performance. Beneficial effects of napping before night
work were further augmented with caffeine administration [13, Class III;
14, Class I].


Naps of 20 to 50 min duration during shift work have produced
improvements in reaction time and have restored performance to that
seen at the beginning of the shift. In addition, napping early in the night
shift improves objective measures of alertness [15, 16; Class II]. If the
nap duration is greater than 30 min, some degree of sleep inertia may
occur [15, Class II].


No disruption of the main sleep period occurred secondary to the nap
[16, Class II; 17, Class IV]. Planned napping is considered a standard of
care in the treatment of shift work disorder by the American Academy of
Sleep Medicine (AASM) [11].


Melatonin


The AASM recommends melatonin prior to day sleep as a treatment
guideline for shift work disorder [11]. Exogenous melatonin has effects
of both resetting the circadian clock and acting as a direct hypnotic [10].


In a randomized, controlled trial of 32 individuals undergoing
simulated night work with attempted sleep occurring in the afternoon
and evening, melatonin at doses of 3 mg or 0.5 mg or a placebo was
given prior to the nonconventional sleep period. Both doses of melato-
nin resulted in a significant phase advancement (3 h for 0.5 mg and 3.9 h
for 3 mg), compared with placebo [18, Class I]. In addition to shift work
simulation, the clock resetting effects of melatonin have also been
demonstrated in some night workers during field studies [19, Class I].


The addition of melatonin did not augment circadian adaptation in
the setting of a treatment strategy using bright light therapy during the
night shift and light avoidance in the morning [20, Class II].


Melatonin (1.8–6 mg), given prior to day sleep, has been shown to
improve total sleep duration in both simulated night shifts and studies
of night workers [21, Class I; 22, Class III; 23, Class II].


No improvements in nighttime alertness have been seen with the use
of melatonin [21, Class I; 24, 25, Class II].


Table 1. Treatment of shift work disorder


Treatment modality Strength of recommendation
Planned napping Standarda


Timed light exposure Guidelineb


Administration of melatonin prior to day sleep Guidelineb


Hypnotic medication to promote day sleep Guidelineb


Modafinil to enhance alertness Guidelineb


Caffeine to enhance alertness Optionc


aStandard—Generally accepted patient care strategy reflecting a high degree of clinical certainty.
bGuideline—Patient care strategy reflecting a moderate degree of certainty.
cOption—Uncertain clinical use.
(Adapted from Morgenthaler et al. [11].)
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No field studies or simulated studies of early morning shift work
using melatonin are currently available. However due to the known
efficacy of exogenous evening melatonin in advancing circadian rhythms,
melatonin may be a rational treatment option for shift work requiring an
early rise time. Further studies are needed.


Caffeine


The AASM suggests caffeine as a treatment option to enhance alertness
during night work [11].


It is well known that caffeine can be an effective countermeasure
for sleepiness during experimentally induced sleep deprivation,
making it a feasible option for treatment in shift work disorder and jet
lag [8••].


In a double-blind, randomized, placebo-controlled trial of 15
individuals performing simulated night work, coffee (2 mg/kg dose of
caffeine) was given immediately prior to and during the first portion of
the night shift. There was significant improvement in sleepiness as
measured by the multiple sleep latency test, and participants rated
themselves as 25% more alert. There was no residual effect on daytime
sleep as measured by polysomnography [26, Class I].


A recent meta-analysis found that caffeine (compared with placebo)
improved shift workers’ performance in multiple domains of neuropsy-
chiatric testing, including memory and attention [27].


Pharmacologic treatment


Benzodiazepines and benzodiazepine receptor agonists


Hypnotic medications have been evaluated for shift work disorder, spe-
cifically for the treatment of insomnia occurring as a result of attempting
sleep during the period of high circadian alerting signal.


Triazolam (0.25–0.5 mg) and temazepam (20 mg) have been shown
to be effective in increasing daytime sleep duration with both subjective
and objective measures. No improvements in nighttime alertness (by self
report or by mean sleep latency testing) have been demonstrated with
either medication, however [28, 29, Class I; 30, Class III; 31, Class II].


Two field studies of shift workers using zopiclone also showed sub-
jective improvements in sleep quality and duration, but there was no
evidence of improvement in work performance [32, Class I; 33, Class II].


In a study of seven individuals undergoing simulated rotating shifts,
those receiving zolpidem had improved subjective sleep quality, but
their mood was worsened during the following work period, compared
with placebo [34].


In the AASM practice parameters, the use of hypnotic medication is a
treatment guideline to facilitate day sleep in night workers. These agents
should be administered with great caution when used for insomnia
during the nonconventional sleep period, however, because of the
potential for unfavorable effects on nighttime performance and
alertness [11]. Further studies are needed to determine the efficacy
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of benzodiazepines and benzodiazepine receptor agonists in shift work
disorder.


Standard dosage Benzodiazepine and benzodiazepine receptor agonist medications are not
approved by the US Food and Drug Administration (FDA) for the specific
purposes of treating shift work disorder or jet lag. However, for short-term
insomnia, temazepam (7.5–30 mg) or zolpidem (5–10 mg) may be used at
bedtime [35, 36]. Zopiclone is not available in the United States.


Contraindications Temazepam and zolpidem should be used with care in elderly and de-
bilitated patients, and alcohol should not be used with either. With
temazepam, slow tapering of the medication should be performed prior
to discontinuation because of a risk of seizure with abrupt cessation.
Zolpidem is a pregnancy category C medication. Pregnancy is an absolute
contraindication to temazepam use because of its class X designation [35, 36].


Main drug interactions Central nervous system depressants may have an additive effect with tema-
zepam and zolpidem. Oral contraceptive pills may increase the clearance of
temazepam, and probenecid may decrease its clearance [35, 36].


Main side effects The most frequently reported adverse effects of zolpidem are daytime
drowsiness, headache, and dizziness. Amnesia may occur with benzodiaze-
pine and benzodiazepine receptor agonist medications, and non–rapid eye
movement (NREM) parasomnias such as sleep walking or sleep eating also
may occur. The most common adverse effects of temazepam are headache,
drowsiness, ataxia, dizziness, confusion, depression, syncope, fatigue, verti-
go, and tremor. Patients should be monitored for physiologic dependence
on temazepam [35, 36].


Cost/Cost-effectiveness Both zolpidem and temazepam are less than $20 for a 30-day supply,
making them cost-effective treatment options.


Wake-promoting medications


Because night shift work occurs during a time of high propensity for
sleep, wake-promoting medications have been investigated to improve
alertness in shift workers.


In one study, methamphetamine improved mood and performance
during the night shift in simulated laboratory workers [37, Class II].
However, because of the minimal evidence supporting its use and its
potential for abuse, this medication is not indicated in the treatment of
shift work disorder [11].


In a randomized double-blind controlled trial, modafinil (200 mg)
was given 30 to 60 min before the start of night shift work, resulting
in objective improvement in sleepiness and improved performance on
psychomotor vigilance testing. In addition, there were 25% fewer
accidents and near-accidents in the modafinil group than in the pla-
cebo group (PG0.001). Despite these functional improvements and
the attenuation of sleepiness, a pathologic level of sleepiness similar
to that of narcolepsy (mean sleep latency, 3.8 min) persisted in night
shift workers [38, Class I].


Armodafinil is the R isomer of modafinil and has a longer half life
(15 h) than the S isomer of modafinil (3–4 h). In a 12-week randomized
controlled trial of 254 night shift and rotating shift workers with shift
work disorder, 150 mg of armodafinil was given 30 to 60 min prior to
beginning the night shift. Armodafinil resulted in a significant increase in
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mean sleep latency compared with placebo (3min vs 0.4min respectively).
By self-report, armodafinil reduced sleepiness during work and on the
morning commute. Significant improvement in performance on standard-
izedmemory and attention testingwas also demonstrated.Noworsening in
daytime sleep parameters occurred with armodafinil [39•, Class I].


Modafinil and armodafinil are effective in promoting alertness during
night shift work and are FDA-approved for the treatment of shift work
disorder.


Standard dosage Modafinil (200 mg) or armodafinil (150 mg) taken approximately 1 h prior
to shift work.


Contraindications Patients with cardiac signs or symptoms occurring in the setting of stimulant
medication should not take modafinil or armodafinil. Caution should be
exercised in prescribing these medications for patients with a known history
of psychosis, unstable angina, or recent myocardial infarction, and those
with seizures. Both drugs are FDA pregnancy category C [40, 41].


Main drug interactions Modafinil and armodafinil may decrease the effectiveness of oral contra-
ceptive pills and other drugs metabolized by the CYP3A4 isoenzyme, and
drugs inducing the CYP3A4 enzyme may increase the metabolism of mod-
afinil and armodafinil [40, 41].


Main side effects Rare but life-threatening rashes have occurred with modafinil therapy [40].
Headache, nausea/vomiting, anxiety, nervousness, and insomnia were the
most common adverse reactions occurring in clinical trials of modafinil [40].
Headache, nausea/vomiting, dizziness, and insomnia were the most com-
mon adverse reactions occurring in clinical trials of armodafinil [41]. Some
individuals taking armodafinil had a small elevation in blood pressure [41].


Cost The retail price for a 30-day supply is $475.95 for modafinil (Provigil;
Cephalon, Frazer, PA) and $304.97 for armodafinil (Nuvigil; Cephalon,
Frazer, PA).


Other treatments


Timed bright light exposure


Timed light exposure can be employed for its circadian phase shifting
effects as well as its beneficial effects on alertness and cognitive perfor-
mance [42]. The AASM suggests the use of timed light during the work
period and restriction of morning light in night shift workers as a treat-
ment guideline [11].


In field studies of shift workers, light regimens of 2350 to 12,000 lux
for durations of 20 minutes (with multiple exposures) to 6 h have shown
improvements in psychomotor performance, subjective alertness, and
self-rated mood [43, 44, 45, Class III].


Bright light exposure and the avoidance of light have been used to
promote circadian shifts to move the core body temperature nadir from
the work period to the sleep period. Studies using this treatment strategy
have been performed in both night work simulation and in field testing
of actual night workers [5]. Bright light of 6000 to 12,000 lux during at
least half of a 12-hour night shift resulted in a significant phase shift in
50% of shift workers receiving the treatment, compared with controls
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receiving ambient light [44, Class III]. The largest phase shifts and
improvements in subjective sleep quality have occurred in groups using
both interventions: bright light during the night shift combined with
light avoidance (using dark sunglasses or goggles) the following morning
[23, 46; Class II].


Despite the benefits in performance and alertness produced by aligning
the circadian rhythm to night work, many patients may be reluctant to do
so, as they want to realign their phase to a conventional diurnal waking
schedule on days off. One group has proposed the idea of partial alignment
using a goal “compromise position” with the core body temperature nadir
near 10:00, which puts the highest circadian propensity for sleep early but
within the sleep period on work days and late but within the sleep period
appropriate for days off. This compromise position was achieved with
bright light, light avoidance, and scheduled sleep times (08:30 to 15:30 on
work days and 03:00 to 12:00 ondays off). Sleep after the last night shiftwas
truncated to 08:30 to 13:30 in anticipation of an earlier bedtime on the days
off. The subjects aligning to the “compromise position” hadmood, fatigue,
and performance ratings that were markedly superior to controls and were
similar to those of subjects completely entrained to a night-wake, day-sleep
schedule. This partial entrainment strategy may be an effective strategy for
permanent night workers to improve function on both work days and days
off [47•, Class II].


Standard procedure Although no standard protocol for bright light therapy exists, studies have
been performed with both intermittent and sustained exposures of 2350 to
12,000 lux. Ultraviolet wavelength light should be filtered [48]. Light therapy
treatment is not regulated by the FDA.


Contraindications Patients with retinopathies should not receive treatment with bright light
therapy. Great care should be taken in those using medications causing
photosensitization and patients with bipolar disorder [48].


Complications Hypomania, irritability, nausea, headache, blurred vision, eye strain, pho-
tophobia, and sleep disturbances are the most frequently reported adverse
reactions. Side effects are uncommon, may depend on dose and timing, and
may resolve over time [48].


Cost/Cost-effectiveness Light boxes range in price from about $200 to $500. As a one-time investment,
this may be a cost-effective option.


Treating jet lag


Diet and lifestyle


Scheduled sleep times


In jet lag, sleep scheduling is used as an adjunct to light in shifting the
circadian rhythm.


For travel of greater than 48 h, travelers could attempt to shift their
circadian rhythm prior to departure. In a study to determine how
much bedtimes could be shifted (while using bright light therapy) in
preparation for eastward travel, subjects advancing bedtimes by 2 h
per day experienced greater sleep-onset insomnia than those advancing by
1 h per day. Jet lag scores were similar between both groups onmost days of
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treatment. Therefore, advancing bedtime by 1 h per day in combination
with light therapy may be a useful intervention in the anticipation of east-
ward travel [49, Class II]. This sleep schedule advance prior to travel east is
recommended as a treatment option by the AASM [11].


However, for travel less than 48 h, those maintaining the sleep/wake
times of the location of origin reported decreased sleepiness and better
global jet lag ratings than those adopting the sleep/wake times of the
destination location during a study of travel over nine time zones [50,
Class II]. The AASM suggests keeping home sleep and wake times during
travel of 2 days or less as a treatment option [11].


Exposure to and avoidance of natural light


Bright light therapy has demonstrated significant augmentation of phase
shifts in simulated studies of eastward travel. (See the discussion of
timed light exposure below.) However, although this phase shift may
attenuate circadian misalignment, bright light therapy may be inconve-
nient during travel, making the exposure to and avoidance of natural
light (using dark sunglasses) a more feasible treatment for jet lag.


During westward travel, the goal is to delay the circadian rhythm, so
light exposure should be sought during what would be evening in the
location of departure and avoided during what would be morning in the
location of departure. For eastward travel, to initiate a phase advance,
light should be avoided during what would be evening in the location of
departure, and light exposure should occur during what would be
morning [51].


This strategy is best illustrated by example. If a traveler lives in
Chicago and usually sleeps from 11 PM to 7 AM, his core body temperature
minimum (assuming normal circadian phase) would likely be close to 4 AM


(11 PM Hawaii time). If he departs from Chicago at 0900 and lands in
Hawaii at 1600 (local time), heneeds to get plenty of afternoon and evening
light and avoid bright light in the morning. Conversely, if he travels from
Chicago to Paris (where his core body temperature minimum would be at
11 AM), departing at 1800 and arriving at 1100 (local time), he should seek
plenty of afternoon light and avoid morning light prior to 11 AM. This
example also demonstrates that some degree of phase shifting prior to
eastward travel may be beneficial to move the core body temperature
minimum to the dark period, preventing light exposure during the wrong
portion of the phase-response curve [52].


Melatonin


In multiple studies for jet lag, melatonin has shown benefits likely due to
both its phase shifting and sedating effects.


Of nine double-blind, placebo-controlled field studies evaluating the
effects of melatonin on subjective measures of jet lag, seven studies
showed more favorable ratings of symptoms with melatonin than with
placebo. These studies used 0.5 mg to 8 mg (most commonly 5 mg) of
melatonin for travel of up to 12 time zones [8••].


Objectively, melatonin has demonstrated increased total sleep time
and decreased waking after sleep onset (as measured by actigraphy),
compared with placebo [53, Class I].


Shift Work Disorder and Jet Lag Zee and Goldstein 405







Melatonin has also shown acceleration of phase shift during travel, as
measured by cortisol and melatonin rhythms [54, 55, 56].


Appropriately timed melatonin use, to improve both sleep and
waking symptoms, is considered a standard treatment for jet lag by the
AASM [8••].


Caffeine


Caffeine has been evaluated in jet lag in two studies, both with 27
subjects traveling eastward over seven time zones. Slow-release caffeine
(300 mg) given at 0800 the first 5 days after arrival improved objective
measures of daytime sleepiness and accelerated circadian entrainment, as
measured by cortisol rhythms. Caffeine did result in greater subjective
and objective sleep disruption than placebo [54, 57; Class II].


The AASM suggests caffeine as a treatment option for daytime sleepiness
related to jet lag [11].


Pharmacologic treatment


Benzodiazepine and benzodiazepine receptor agonists


The benzodiazepines temazepam, midazolam, and triazolam have been
evaluated for the treatment of jet lag in four studies. In eastward travel,
temazepam and midazolam showed improvement in subjective sleep
quality and objective sleep measures by actigraphy, but no benefits were
noted in westward travel [8••].


Zolpidem (10 mg) has demonstrated improved sleep quality and dura-
tion, as well as improvement in jet lag symptoms, after eastward travel, but
adverse effects (including nausea, vomiting, amnesia, and somnambulism)
were greater with zolpidem thanwithmelatonin or placebo [58, 59; Class I].


Zopiclone has also shown increased sleep duration (as measured by
actigraphy) in one study of eastward flight and one study ofwestward flight,
compared with placebo, but no improvement in sleepmeasures was shown
in comparison with melatonin, and there is no evidence that this hypnotic
improves symptoms of jet lag [53, Class I; 60, Class II].


The AASM does suggest benzodiazepine receptor agonist hypnotic
therapy as a treatment option for short-term insomnia resulting from jet lag.
However, more research is needed regarding the effect of these agents on
waking jet lag symptoms, and patients must be educated about potential
side effects [11].


Other treatments


Timed light exposure


In jet lag, light therapy has been used with the goal of shifting circadian
rhythms prior to departure. For example, in a study using either intermittent
or continuous bright light therapy in the first 3.5 h after awakening (com-
bined with advancing sleep schedules), subjects in the bright light group
reset their clock 1.5 to 2 h earlier after 3 days of treatment, versus 0.6 h in the
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control group. In addition, those receiving continuous light did not have a
worsening in their jet lag score with advancing bedtimes, as did those
receiving intermittent or no bright light [61, Class II].


In a field study of westward travel (Zurich to New York), light was
used to delay the circadian rhythm after arrival. Although a greater
phase delay occurred with bright light therapy, there was no difference
in jet lag scale, psychomotor performance, or mood [62, Class II].


Morning bright light therapy (in combination with advancement of
the sleep schedule) before travel east is recommended as a treatment
option by the AASM.


Emerging therapies for shift work disorder and jet lag


Transdermal melatonin


The homeostatic drive for sleep is dissipated by sleep occurring during the
initial portion of the sleep period. During the night, this is counteracted by
the circadian propensity for sleep, partly due to the inhibitory effects of
melatonin on the SCN [5]. Because night workers are sleeping during the
“wrong” circadian time, they lack this mechanism for sleep maintenance.


When 2.1 mg of melatonin (compared with placebo) was given
transdermally 1 h before an 8-hour daytime sleep opportunity, waking
after sleep onset and in the latter third of the sleep period decreased,
sleep efficiency increased, and total sleep time increased. Although
melatonin levels remained elevated after the sleep period, subjective
alertness and visual attention were not affected, as measured by the
Karolinska Sleepiness Scale and psychomotor vigilance testing [63].


A sustained-release method of delivering melatonin may be an
effective option for sleep-maintenance insomnia in those with a
nonconventional day sleep schedule, but more studies are needed.


Melatonin receptor agonists


Melatonin has produced marked improvement in jet lag symptoms and
mixed effects in the treatment of shift work disorder. Because melatonin
varies in potency and quality and is not regulated by the FDA, a mela-
tonin receptor agonist may be a promising treatment for shift work
disorder and jet lag.


Ramelteon is an MT1 and MT2 receptor agonist. In a study to de-
termine the ability of ramelteon to realign the circadian rhythm after
an imposed 5-hour advance of sleep-wake times in 75 healthy adults,
ramelteon was given 30 min prior to the new bedtime. A significant
circadian shift to an earlier time occurred in patients receiving 1 mg,
2 mg, or 4 mg of ramelteon, compared with placebo. Headache and
nausea were the most commonly experienced adverse reactions and
were mild in severity [64, Class I].


In a recent randomized, double-blind, placebo-controlled trial, 109
individuals with a history of jet lag were given 1 mg, 4 mg, or 8 mg of
ramelteon or placebo at their usual bedtime after arrival following
eastward travel of five time zones. On all nights following travel, with a
1-mg dose of ramelteon, there was a significant reduction of latency to
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persistent sleep (-10.6 min, P=0.03) as compared with placebo. When
further examining two subsets of the study (those exposed to natural
light and those kept in dim light conditions), the group exposed to
natural bright light and taking a placebo experienced sleep-promoting
effects similar to the effects on those in dim light who received 1 mg of
ramelteon. Therefore, ramelteon could be a treatment option during
travel when bright light is less accessible (eg, during the winter). There
were no significant differences between the ramelteon group the placebo
group in sleepiness scales during waking hours. At the 4-mg dose,
significant improvements in subjective daytime function, alertness,
concentration, sleep quality, and ease of awakening were seen. Adverse
effects were similar across all groups [65•, Class I].


Tasimelteon is another MT1 and MT2 receptor agonist. In a phase 3,
double-blind, randomized placebo-controlled trial, 411 individuals un-
derwent a 5-hour advance of sleep-wake times and received tasimelteon
at the new bedtime. Compared with placebo, all doses of tasimelteon
were followed by decreased latency to persistent sleep onset, decreased
waking after sleep onset, increased total sleep time, and increased sleep
efficiency. Results of neurocognitive testing the day after treatment were
no different with tasimelteon or placebo [66, Class I].


Agomelatine (also an MT1 and MT2 receptor agonist, as well as a
serotonin agonist) has been shown in a double-blind, placebo-controlled
trial to significantly phase-advance body temperature profiles [67].


The clock-advancingproperties ofmelatonin agonistsmay be effective in
treating shift work disorder resulting from early morning shifts as well as jet
lag resulting from eastward travel.


Wake-promoting agents


Although approved for shift work disorder, armodafinil does not cur-
rently have an indication in jet lag.


In a recent double-blind, randomized, placebo-controlled study to
determine the efficacy of armodafinil in jet lag, 427 individuals traveled
eastward over six time zones andwere given armodafinil (50mgor 150mg)
or placebo daily at 7 AM local time after arrival. Those receiving 150 mg of
armodafinil had significant improvements in objective measures of sleepi-
ness (mean sleep latency on the Multiple Sleep Latency Test of 11.7 min vs
4.8 min with placebo, PG0.001) and less severe symptoms of jet lag [68•,
Class I].


Armodafinil may be an effective agent for combating daytime sleep-
iness associated with jet lag.
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ORIGINAL ARTICLE


The Association Between Shift Work and Unhealthy Weight: A
Cross-Sectional Analysis From the Nurses and Midwives’


e-Cohort Study
Isabella Zhao, BN, BN (Hons I), RN, Fiona Bogossian, PhD, MPH, DipAppSci, BAppSci, RN,


Sarah Song, PhD, and Catherine Turner, MN, PhD, BA, Grad Dip, Ed, RN


Objective: To examine the association between shift work and un-
healthy weight among female nurses and midwives. Methods: A cross-
sectional study. Measurement outcomes included shift work, unhealthy
weight (underweight: body mass index [BMI] < 18.5; overweight:
BMI 25.0 to 29.9; obesity: BMI > 30.0), diet quality, physical-activity
level, alcohol consumption, and smoking status. Results: Among the
2494 participants (1259 day and 1235 shift workers), only 1% of
the participants were underweight, 31.8% were overweight, and 26.9%
were obese. After adjusting the selected confounders, shift workers
were 1.15 times more likely to be overweight/obese than day workers
(P = 0.013, 95% confidence interval, 1.03 to 1.28; P = 0.02, 95% confidence
interval, 1.02 to 1.30, respectively). Conclusions: Shift work is associated
with higher risk of being overweight/obese. Longitudinal studies are being
undertaken to better understand the causal relationship between shift work
and unhealthy weight.


I n response to an increasingly 24-hour society, over the last several
decades, there has been a rapid increase in the number of shift


workers all over the world.1 According to 2004 data from the Bureau
of Labour Statistics, almost 15% of full-time wage and salary work-
ers were shift workers.2 Similarly, a national survey of Australia
found that more than one million employees (14%) had worked
in shift in the previous 4 weeks. Of these shift workers, 46% had
worked a rotating shift.3 Industries with the highest proportions of
shift workers in Australia were mining (44%); health and community
services (32%); and accommodation, cafes, and restaurants (31%).3


The health and community services sector consisted of hospitals
and nursing homes, medical and dental services, community care
services, child care services, veterinary services, and other health
services.4 The health workforce is estimated to be about 7% of the
entire Australian workforce, and nurses and midwives comprise the
single, largest health professional group at 54%.5


According to the classification of body mass index (BMI) by
World Health Organization (WHO),6 healthy weight refers to a BMI
of 18.50 to 24.99 (reference range). Unhealthy weight refers to a
BMI that falls out of the reference range, classified as underweight
(BMI < 18.50), overweight (BMI: 25.00 to 29.99) and obese (BMI ≥
30.00). There are health consequences of having unhealthy weight.
Being underweight increases one’s risk of suffering from bone loss
and osteoporosis, and heart arrhythmias.7 Recognizing this need, the
World WHO is conducting a study to report “Estimates of Under-
weight Adult” and it will be released soon on the WHO Web site
(http://apps.who.int/bmi/index.jsp?introPage=intro 4 2.html).8 The
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prevalence of female adulthood underweight was 8.9% in Australia,
3.6% in New Zealand, and 6% in the United Kingdom.9–11 On the
contrary, people are more aware of many chronic health conditions
that are associated with being overweight and/or obese, including
Type II diabetes, cardiovascular disease, osteoarthritis, hypertension
and stroke, and certain forms of cancer.12–24 Obesity has reached epi-
demic proportions globally, with more than 1 billion adults who are
overweight, and at least 300 million of these are clinically obese.25


Obesity rates have increased threefold or more since 1980 in some
areas of North America, the United Kingdom, Eastern Europe, the
Middle East, the Pacific Islands, Australia, and China.25 In 2004 to
2005, there was a 9% increase in the Australian adult population
being either overweight or obese since 1995.26 Among Australian
women, 25% of women aged 18 years and older were overweight and
17% were obese.27 The prevalence of being overweight and/or obese
has also increased in the United Kingdom and New Zealand over the
past decades.10,11 Many studies have been conducted to identify the
causes and risk factors associated with overweight/obesity,28,29 and
interventions have focused on treating or modifying these conditions
to reduce the health consequences.


Shift work is defined as work performed primarily outside
typical daytime hours and includes evening shifts, rotating shifts,
irregular shifts, and flexitime.30 It has been identified as one of
the factors that may have an impact on being overweight and/or
obese, and research findings suggest that shift work may increase
the likelihood of being overweight and/or obese by at least 39%.31–34


Conversely, despite the potentially serious health consequences, re-
search on underweight has been limited, perhaps reflecting the com-
paratively lower prevalence of being underweight in the population.
Therefore, research that examines causes and risk factors associated
with unhealthy weight in shift workers should be extended to include
underweight.


The primary aim of this study was to examine the association
between shift work and unhealthy weight among nurses and mid-
wives. The secondary aim was to explore the relationship between
shift work and modifiable lifestyle factors, including diet quality,
physical activity, smoking, and alcohol consumption as potential
confounders.


METHODS


Subjects
This study is a sub-study of the Nurses and Midwives’


e-cohort Study (NMeS), which is a longitudinal population-based
study funded by the Australian Research Council and a range of
industry partners. The purpose of NMeS is to examine factors as-
sociated with both workforce and health outcomes in a cohort of
nurses and midwives in Australia, New Zealand, and the United
Kingdom. The NMeS is conducted completely electronically from
recruitment to follow-up. Recruitment procedures have been pub-
lished elsewhere.35 The baseline survey (survey 1) was launched
in April 2006 when the study recruitment began. Registrations to
the on-line study via the study Web site (www.e-cohort.net) contin-
ued over a 2-year period until April 2008. There have been 10,120
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total registrants to date, of whom, 7604 registrants completed sur-
vey 1 (75%) and 5280 registrants completed survey 2 (follow-up
rate, 69%). Survey 3 was opened on-line on May 18, 2010, and it is
continuing now.


This sub-study is cross-sectional in design, using data from the
baseline survey. To be included in the study sample, a respondent
must be currently working as a nurse and/or midwife who is not
pregnant at the time of data collection and has to meet one of the
following two criteria:


1. Working shifts (such as continuous shift work, evening
shifts only, night shifts only, morning and evening shifts only, or
evening and night shifts only); and


2. Working in day shift (including day shifts only without
weekends or day shifts only with weekends).


Among the 7604 registrants who completed survey 1, 2612
(34%) nurses and/or midwives met the inclusion criteria and pro-
vided information on the modifiable lifestyle factors (smoking, al-
cohol consumption, physical activity, and diet quality). Among this
sample, 2494 (95%) were female nurses and/or midwives. Because
of the small number of male participants, the decision was made to
analyze data collected from only female participants. Other reasons
for selecting only women as the sub-study sample was to counter-
balance the existing male dominance in populations drawn for shift-
work research36 and to remove the effects of gender as a potential
confounding variable.


Variables


Exposure variable (shift work)
In the NMeS, work schedule was measured by asking the


respondent to identify which of the following categories described
her/his current shift schedule: (1) day shifts only without weekends;
(2) day shifts only with weekends; (3) continuous shift work; (4)
evening shifts only; (5) night shifts only; (6) morning and evening
shifts only; and (7) evening and night shifts only. For the purposes
of this sub-study, the first two response categories were considered
as day work and the remaining five categories as shift work.


Dependent variables (modifiable lifestyle factors and
unhealthy weight)


Unhealthy weight included underweight, overweight, and
obese, which were defined according to the BMI classification stan-
dards by WHO.37 These cutoff points are as follows: (1) underweight:
less than 18.5; (2) normal: 18.5 to 24.9; (3) overweight: 25.0 to 29.9;
and (4) obese: 30.0 or more.


Unhealthy weight is caused by energy imbalance, which is
affected by people’s diet, physical activity level, and other lifestyle
habits.38 The association between smoking and unhealthy weight is
complex,39 and the impact of alcohol consumption on one’s weight
change is not yet established.40 Therefore, in this study, diet quality,
physical activity, smoking, and alcohol consumption were selected
as modifiable lifestyle factors to better understand the impact of the
interaction of those factors and shift work on unhealthy weight.


Diet quality was measured by using the Australian Recom-
mended Food Score (ARFS).41 The ARFS is a 74-item instrument
in which each item has a “Yes-No” response format. This instrument
has been developed and validated to be a quick and easy way to as-
sess individuals on the quality of diet on the basis of a set of dietary
targets.41,42 The maximum ARFS is 74 and scores are categorized
into five categories according to different cut-points, in which higher
scores are indicative of higher diet quality.


Physical activity was assessed by the International Physical
Activity Questionnaire (IPAQ). This questionnaire is used interna-
tionally to obtain the comparable estimate of physical activity and to
measure the prevalence and impact of the sedentary lifestyle. The va-
lidity of IPAQ as an estimate of the level of physical activity has been


established,43–46 and the test–retest reliability has been evaluated in
other studies.43,45,47–49 The guidelines for data processing and scoring
of IPAQ are available on-line (http://www.ipaq.ki.se/scoring.pdf),
and IPAQ can be treated as a continuous variable or a categorical
variable (low, moderate, and high).50 For the purposes of this sub-
study, IPAQ scores have been treated as a categorical variable.


Smoking status was assessed by items from Nurses’ Health
Studies ( http://www.channing.harvard.edu/nhs/).51 In this sub-study,
the items relating to smoking required the respondents to identify as
a “current smoker,” “former smoker,” or “never smoker.”


Alcohol consumption was assessed by asking respondents to
indicate how often, on average, they drink one glass, bottle, can of
beer (heavy) or beer (light), red or white wine, or spirits (eg, vodka).
These items were based on the semiquantitative Food Frequency
Questionnaire.52 The validity and reliability of Food Frequency
Questionnaire have been reported.53–58 In Australia, the National
Health and Medical Research Council has developed population
guideline for low-risk drinking.59 The guidelines address both short-
term and long-term risks in terms of “standard drinks” consumed per
week. In this sub-study, four categories were proposed on alcohol
consumption, which included “abstains from alcohol consumption,”
“low-risk drinkers,” “risky drinkers,” and “high-risk drinkers.”


STATISTICAL METHOD
All statistical analyses were undertaken by using Stata ver-


sion 9.2 (StataCorp, College Station, TX).60 A significance level
of 0.05 was determined for all statistical tests. At the univariate
level of inferential statistics, mean and standard deviation were
calculated for the only continuous variable (age), and Pearson’s
chi-squared tests were used for the other categorical variables.
Multivariate modeling was performed by using a modified Pois-
son regression approach.61 In this approach, dichotomous variables
(underweight—yes/no; overweight-–yes/no; obesity-–yes/no) were
created. Two models were constructed in the multivariate analysis.
Model 1 included age as a covariate in analyzing the association be-
tween shift work and each dependent variable. In the second model,
the modifiable lifestyle factors that had reached statistical signifi-
cance in model 1 were also included in the analysis in addition to
age.


RESULTS
In the sub-study sample, there were 2494 nurses and midwives


aged 20 to 70 years (42.8 ± 9.9). Shift workers were about 4 years
younger than day workers (41.3 vs 45.1 years, P < 0.0001). Among
those who indicated the country where they were working at the
time of data collection, 70.9% (1768 of 2494) of the participants were
working in Australia, and participants in New Zealand and the United
Kingdom were equal (14.1%). Of the participants, there were 1259
day workers and 1235 shift workers. Only 1% of the participants were
underweight, 31.8% of the participants were overweight, and 26.9%
were obese. Regarding diet quality and physical activity, the majority
of the participants reported having high quality of diet (61.5%) and
high level of physical activity (52.6%). Of the participants, 12.3%
were current smokers, 32.5% were former smokers, and 55.2% were
nonsmokers. About 10% of the total participants were risky or high-
risk drinkers.


Crude comparisons between shift workers and day workers
indicated that the prevalence of having low physical activity was
higher in shift workers (Table 1). Shift workers were found to have
lower prevalence of being risky and/or high-risk drinkers (Table 1).
With regard to their smoking status, there was a higher prevalence of
current smokers and never smokers in shift workers (Table 1). After
removing the effect of age on those associations, the differences
between shift and day workers on their smoking status were no
longer statistically significant (Table 1).
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TABLE 1. Characteristics of Study Participants (N = 2494)


All Participants, N = 2494, Day Workers, N = 1259, Shift Workers, N = 1235,
Mean (SD) No. (%) Mean (SD) No. (%) Mean (SD) No. (%) P P ∗


Age 42.8(9.9) 45.1 (8.7) 41.3 (10.3) <0.0001


Diet quality 0.254 0.747


≤24 83 (3.3%) 48 (3.8%) 35 (2.8%)


25−30 234 (9.4%) 104 (8.3%) 130 (10.5%)


31−34 233 (9.3%) 118 (9.4%) 115 (9.3%)


35−39 409 (16.4%) 209 (16.6%) 200 (16.2%)


≥40 1535 (61.5%) 780 (62%) 755 (61.1%)


Physical activity <0.001 0.005


Low 234 (9.4%) 133 (10.6%) 101 (8.2%)


Moderate 949 (38.1%) 544 (43.2%) 405 (32.8%)


High 1311 (52.6%) 582 (46.2%) 729 (59.0%)


Smoking status 0.003 0.217


Current smoker 308 (12.3%) 137 (10.9%) 171 (13.8%)


Former smoker 810 (32.5%) 445 (35.3%) 365 (29.6%)


Never smoked 1376 (55.2%) 677 (53.8%) 699 (56.6%)


Alcohol consumption <0.001 0.009


Abstains from alcohol 385 (15.4%) 162 (12.9%) 223 (18.1%)


Low-risk drinkers 1863 (74.7%) 948 (75.3%) 915 (74.1%)


Risky drinkers 176 (7.1%) 110 (8.7%) 66 (5.3%)


High-risk drinkers 70 (2.8%) 39 (3.1%) 31 (2.5%)


BMI 0.421 < 0.001


Underweight 26 (1.0%) 13 (1.0%) 13 (1.1%)


Normal 1006 (40.3%) 528 (41.9%) 478 (38.7%)


Overweight 792 (31.8%) 386 (30.7%) 406 (32.9%)


Obese 670 (26.9%) 332 (26.4%) 338 (27.4%)


BMI, body mass index.
∗Age adjusted P values.


Shift workers were found to have a higher prevalence of being
overweight or obese as compared with day workers (Table 1) and
were about 4 years younger than day workers (P < 0.0001). After
adjusting age as a confounder, shift workers were 1.15 times more
likely to be overweight and 1.14 times more likely to be obese than
day workers, respectively (P = 0.008; 95% confidence interval [CI],
1.04 to 1.28 and P = 0.03; 95% CI, 1.01 to 1.28, respectively)
(Tables 2 and 3). Physical activity, alcohol consumption, and age
were all adjusted in the final analysis; shift workers were found to
be 1.15 times more likely to be overweight/obese than day workers
(P = 0.013; 95% CI, 1.03 to 1.28; P = 0.02, 95%, CI 1.02 to 1.30,
respectively) (Tables 2 and 3). Although the relative risk of being
overweight/obesity was 1.15, shift workers can be about 1.3 times
more likely to be overweight/obesity compared with day workers.


DISCUSSION
This sub-study found that 1% of the total participants were un-


derweight (Table 4), 31.8% were overweight, and 26.9% were obese,
which suggests that the nursing and midwifery population face the
problem of having unhealthy weight, especially being overweight or
obese. As this was an adult female-only sample, the previously men-
tioned statistics were compared with the prevalence of unhealthy
weight in the three countries. In the Australian female population
25% of females aged 18 years and older were overweight and 17%
of adult females were obese.27 The prevalence of overweight and obe-
sity among the female population in New Zealand was 28% and 21%,
respectively.10 In the United Kingdom, the prevalence of overweight
and obesity among females was 32.6% and 23.0%, respectively.11


The results of this sub-study clearly demonstrated that the nurs-
ing and midwifery population had a higher prevalence of overweight


and obesity as compared with the general population across the three
countries, except that the prevalence of overweight among women in
the UK general population was about the same as the study sample.
Unhealthy weight in groups of health professionals is surprising,
given that they may be considered more informed than the general
population. Moreover, the prevalence of being overweight or obese
among shift workers in the present study was even higher (32.9% and
27.4%, respectively). On the contrary, only 1% of the participants
were found to be underweight, and this finding was much lower than
that in the general population in the three countries (Australia: 8.9%;
New Zealand: 3.6%; and United Kingdom: 6%).9–11 Although the
problem of underweight was less serious than that of overweight and
obesity, one should not neglect the health complications of being
underweight.


The findings from the present study suggested that shift work
might increase the likelihood of being overweight and/or obese by
15% or it could be as high as 30%. Similar results have been ob-
tained from a prospective cohort study conducted among female
nurses concerning the impact of shift work on weight gain,31 which
showed that more female nurses on night work exhibited excessive
weight gain than nurses on day work (>7 kg; odds ratio [OR], 2.9;
95% CI, 1.2 to 6.9). The results were also in line with some studies
on overweight and obesity in men and women employed in shift
work in other occupational groups. For instance, Karlsson et al32 re-
ported that shift work was found to be associated with an increased
OR in being obese among women (OR, 1.39; 95% CI, 1.25 to 1.55).
Parkes et al33 reported that increase in BMI was more marked in shift
work over successive years of exposure (r = 0.19; P = 0.0025). Shift
workers were found to be 1.6 times more likely to be overweight than
day workers.34 In three of the previously mentioned studies,31,33,34
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TABLE 2. Relative Risks and 95% Confidence Intervals Predicting Being Underweight in Shift Workers
and Day Workers


Overweight


Yes No RR 95% CI RR∗ 95% CI∗ RR† 95% CI†
Day 13 528 1.00


Shift 13 478 1.10 0.52–2.35 1.00 0.99–1.01 1.00 0.99–1.01


CI, confidence interval; RR, relative risk.
∗Age-adjusted P values. P = 0.949.
†Age, physical activity, and alcohol consumption were all adjusted in the multivariate model. P = 0.774.


TABLE 3. Relative Risks and 95% Confidence Intervals Predicting Being Overweight in Shift Workers and Day
Workers


Overweight


Yes No RR 95% CI RR∗ 95% CI∗ RR† 95% CI†
Day 386 528 1.00


Shift 406 478 1.08 0.98–1.21 1.15 1.04–1.28 1.15 1.03–1.28


CI, confidence interval; RR, relative risk.
∗Age adjusted P values. P = 0.008.
†Age, physical activity, and alcohol consumption were all adjusted in the multivariate model. P = 0.013.


TABLE 4. Relative Risks and 95% Confidence Intervals Predicting Being Obese in Shift Workers and Day Workers


Obeseweight


Yes No RR 95% CI RR∗ 95% CI∗ RR† 95% CI†
Day 332 528 1.00


Shift 338 478 1.07 0.95–1.21 1.14 1.01–1.28 1.15 1.02–1.30


CI, confidence interval; RR, relative risk.
∗Age tadjusted P values. P = 0.03.
†Age, physical activity, and alcohol consumption were all adjusted in the multivariate model. P = 0.02.


shift work was defined as working outside typical daytime hours,
including night work. Nevertheless, the definition of shift work was
ambiguous and imprecise in the study by Karlsson et al.32 Diet and
exercise were regarded as fundamental causes to overweight/obesity;
however, none of the four studies adjusted both factors in their
analysis.


A systematic review on the associations between shift work
and people’s modifiable lifestyle factors (diet, physical activity,
smoking, and alcohol consumption) and BMI reported that shift
workers were more likely to be smokers or smoke more and to have
a poorer diet when compared with day workers.62 Nevertheless, the
present study found that the majority of the participants reported
having high quality of diet (61.5%), despite the fact that almost 60%
of the study participants were found overweight or obese. It should
be noted that the ARFS used to measure diet quality did not assess
the amount of the food consumed, which could raise the question
whether only measuring diet quality was the appropriate approach
to assess its association with unhealthy weight. Nevertheless, after
controlling age as a confounder, the present study did not find sta-
tistically significant differences in smoking or diet quality between
day workers and shift workers. The systematic review reported het-
erogeneous findings on the impact of shift work on level of physical
activities and alcohol consumption.62 This study found lower level
of physical activity among shift workers compared with day work-
ers. Shift workers were also found to be less dominant in “risky”
or “high-risk” drinkers in the study. Future analytical studies should
be conducted to better understand the causal relationships between
shift work and physical activity and alcohol consumption.


This sub-study drew on a large representative sample of fe-
male nurses and midwives across Australia,63 New Zealand, and the
United Kingdom (N = 2494) and considered the role of modifiable
lifestyle factors (diet quality, physical activity, smoking, and alco-
hol consumption) in determining the association between shift work
and unhealthy weight. Although some studies have reported that
these modifiable lifestyle factors are related to BMI,64–66 no study
in the available literature has adjusted for their confounding effects
when determining the association between shift work and unhealthy
weight. This sub-study was the first of its kind to adjust for modifi-
able lifestyle factors in the analysis of the association between shift
work and unhealthy weight and concluded that shift workers were
1.15 times more likely to be overweight or obese as compared with
day workers.


This sub-study relied on cross-sectional data, which precluded
the possibility to draw definite conclusions regarding causality and
temporal relationships between the exposure and outcome variables.
Future research should use study designs that yield higher levels of
evidence about the complex associations between exposure to shift
work and unhealthy weight. Furthermore, consideration of potential
“healthy-worker effect” bias due to selection out of the study co-
hort is important. In this sub-study, it may be that work scheduling
may have been impacted by individual health status, for example,
some shift workers may have had given up working shifts because of
health reasons, which may result in underestimation of the reported
associations. In addition, study results were based on self-reported
data that might be affected by social desirability (eg, responses on
smoking and alcohol questions) and the ability to report information
accurately (eg, height and weight data); however, there should be
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no reason to expect that response bias would differ between shift
workers and day workers. Moreover, there were other factors that
could have been controlled to strengthen the results, such as stress,
sleep, circadian factors, availability of foods, metabolic changes,
duration of shift work, past experience of shift work, and female re-
productive factors. Variables, including participants’ mental health,
sleep menopause, and the use of hormone replacement therapy, are
being considered in the subsequent longitudinal analysis undertaken
to better determine the causal relationship between shift work and
unhealthy weight. Informations on participants’ circadian factors,
metabolic changes, duration and past experience of shift work, and
food availability were not collected in the baseline survey, however
there is potential to explore these in future sub-studies. With respect
to shift work, night work specifically has been associated with ex-
cessive weight gain among female nurses in a prospective cohort
study.31 The association between night work (including the duration
of working nights) and unhealthy weight is currently being exam-
ined in the NMeS as the focus of a subsequent article. Finally, this
sub-study included only female nurses and midwives. If the effects
of gender can be controlled, then the association between shift work
and unhealthy weight can be determined more conclusively.


CONCLUSIONS
To the best of our knowledge, this is the first study conducted


among nurses and midwives across Australia, New Zealand, and
the United Kingdom, examining the association between shift work
and unhealthy weight, adjusting the modifiable lifestyle factors as
confounders. Our findings suggest that shift work is associated with
higher risk of being overweight and/or obese in female nurses and
midwives. Studies that may yield higher levels of evidence are being
undertaken by the authors to better understand the causal relationship
between shift work and unhealthy weight.
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