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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 



Supplement to the Journal of Family practice  n  Vol 59, No 1 / January 2010   S�

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 

�.�

�.0

1.�

1.0

0.�

0

r
is

k 
ra

te

	 4-6		 6-8	 8-10	 10-12	 12-2		 2-4	 4-6	 6-8	 8-10	 10-12	 0-2	 2-4	
	 am	 	 	 am	 pm	 	 	 	 	 pm	 am

“Normal	hours	of	work”



Supplement to the Journal of Family practice  n  Vol 59, No 1 / January 2010   S�

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 � 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

Dr Drake reports that he has received research 
support from Cephalon, Inc., Takeda Pharmaceu-
ticals North America, Inc, and Zeo, Inc., and has 
served on the speakers bureaus of Cephalon, 
Inc., and as a consultant to sanofi-aventis.

The characterization and  
pathology of circadian rhythm 
sleep disorders
Christopher L. drake, phd  
Henry Ford Hospital  
Sleep Disorders and Research Center 
Detroit, Michigan

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 � 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-��1

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 �  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 � 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).

Recognition of shift-work  
disorder in primary care
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University of Oklahoma Health Sciences Center  
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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 
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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
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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

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

ensure a constant  
temperature in the  
bedroom

•  aim for a temperature of 
around 20°C (68°F)

•  avoid too many bedclothes

reduce noise exposure 
before and during the 
required sleep period

•  avoid watching television 
or listening to loud music 
immediately before the 
required sleep period

•  use a room at the rear of the 
house if near a busy road

•  Consider ear plugs if the 
ambient noise is intrusive

•  put telephones on an 
answering machine

•  ask 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 � Optimal and least beneficial shift  
rotation patterns

Night

Evening

Morning Night

Evening

Morning
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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 �  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

•

•

•



S��   January 2010 / Vol 59, No 1  n  Supplement to the Journal of Family practice

ShiFT-woRk diSoRdeR

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 �  improved wakefulness and reduced eS associated with FDA-approved wakefulness- 
promoting agents��-��

Citation Population regimens

n (evaluable 
efficacy 

population) key findings

Modafinil

Czeisler et al�� 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 al�� 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: Increase from baseline in FoSQ score: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,  mean change from baseline of 3.2, 3.7,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,�� 

roth et al��

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 ( placebo: 0.4 ± 2.9 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) 
– During the work shift: 2.0 vs 1.1 points,During the work shift: 2.0 vs 1.1 points,uring the work shift: 2.0 vs 1.1 points,  
   respectively (P < .0001) 
– During the commute home: 1.2 vs 0.6 During the commute home: 1.2 vs 0.6During 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 
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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

References



Supplement to the Journal of Family practice  n  Vol 59, No 1 / January 2010   S�1

Dose-response effects on neurobehavioral func-
tions and sleep physiology from chronic sleep 
restriction and total sleep deprivation. Sleep. 
2003;26:117-126.

 11.  Youngstedt SD. Effect of exercise on sleep. Clin 
Sports Med. 2005;24:355-365.

 12.  Leppämäki S, Partonen T, Lönnqvist J. Bright-
light exposure combined with physical exercise 
elevates mood. J Affect Disord. 2002;72:139-144.

 13.  Youngstedt SD, Kripke DF, Elliott JA, et al. Exer-
cise phase-response curves in young and older 
adults. Soc Res Biol Rhythms. 2002;8:110.

 14.  Barger LK, Wright KP, Hughes RJ, et al. Daily exer-
cise facilitates phase delays of circadian melato-
nin rhythm in very dim light. Am J Physiol Regul 
Integr Compl Physiol. 2004;286:R1077-R1084.

 15.  LeDuc PA, Caldwell JA, Ruyak PS. The effect of 
exercise as a countermeasure for fatigue in sleep-
deprived aviators. Mil Psychol. 2000;12:249-266.

 16.  Arora V, Dunphy C, Chang VY, et al. The effect 
of on-duty napping on intern sleep time and fa-
tigue. Ann Intern Med. 2006;144:792-798.

 17.  Bonnefond A, Muzet A, Winter-Dill AS, et al. 
Innovative working schedule: introducing one 
short nap during the night shift. Ergonomics. 
2001;44:937-945.

 18.  Kubo T, Takeyama H, Matsumoto S, et al. Im-
pact of nap length, nap timing and sleep quality 
on sustaining early morning performance. Ind 
Health. 2007;45:552-563.

 19.  Purnell MT, Feyer AM, Herbison GP. The impact 
of a nap opportunity during the night shift on the 
performance and alertness of 12-h shift workers. 
J Sleep Res. 2002;11:219-227.

 20.  Ribeiro-Silva F, Rotenberg L, Soares RE, et al. 
Sleep on the job partially compensates for sleep 
loss in night-shift nurses. Chronobiol Int. 2006; 
23:1389-1399.

 21.  Sallinen M, Harma M, Akerstedt T, et al. Promot-
ing alertness with a short nap during a night shift. 
J Sleep Res. 1998;7:240-247.

 22.  Schweitzer PK, Randazzo AC, Stone K, et al. Lab-
oratory and field studies of naps and caffeine as 
practical countermeasures for sleep–wake prob-
lems associated with night work. Sleep. 2006; 
29:39-50.

 23.  Berson DM, Dunn FA, Takao M. Phototransduc-
tion by retinal ganglion cells that set the circa-
dian clock. Science. 2002;295:1070-1073.

 24.  Czeisler CA, Kronauer RE, Allan JS, et al. Bright 
light induction of strong (type 0) resetting of the 
human circadian pacemaker. Science. 1989;244: 
1328-1333.

 25.  Oren DA, Terman M. Tweaking the human circa-
dian clock with light. Science. 1998;279:333-334.

 26.  Arendt J. Melatonin and human rhythms. Chro-
nobiol Int. 2006;23:21-37.

 27.  Sack R, Lewy A, Hughes RJ, et al. Melatonin as a 
chronobiotic drug. Drug News Perspect. 1996;9: 
325-332.

 28.  Gooley JJ. Treatment of circadian rhythm sleep 
disorders with light. Ann Acad Med Singapore. 
2008;37:669-676.

 29.  Czeisler CA, Dijk DJ. Use of bright light to treat 
maladaptation to night shift work and circadian 
rhythm sleep disorders. J Sleep Res. 1995;4(suppl 
2):70-73.

 30.  Gronfier C, Wright KP Jr, Kronauer RE, et al. En-
trainment of the human circadian pacemaker to 
longer-than-24-h days. Proc Natl Acad Sci U S A. 
2007;104:9081-9086.

 31.  Horowitz TS, Cade BE, Wolfe JM, et al. Efficacy 
of bright light and sleep/darkness scheduling in 
alleviating circadian maladaption to night work. 
Am J Physiol Endocrinol Metab. 2001;281:E384-
E391.

 32.  Crowley SJ, Lee C, Tseng CY, et al. Complete or 
partial circadian re-entrainment improves per-
formance, alertness, and mood during night-
shift work. Sleep. 2004;27:1077-1087.

 33.  Babkoff H, French J, Whitmore J, et al. Single-
dose bright light and/or caffeine effect on noc-
turnal performance. Aviat Space Environ Med. 
2002;73:341-350.

 34.  Eastman CI, Stewart KT, Mahoney MP, et al. 
Dark goggles and bright light improve circadian 
rhythm adaptation to night-shift work. Sleep. 
1994;17:535-543.

 35.  Smith MR, Fogg LF, Eastman CI. Practical inter-
vention to promote circadian adaptation to per-
manent night shift work: study 4. J Biol Rhythms. 
2009;24:161-172.

 36.  Crowley SJ, Lee C, Tseng CY, et al. Combinations 
of bright light, scheduled dark, sunglasses, and 
melatonin to facilitate circadian entrainment to 
night shift work. J Biol Rhythms. 2003;18:513-
523.

 37.  Santhi N, Aeschbach D, Horowitz TS, et al. The 
impact of sleep timing and bright light exposure 
on attentional impairment during night work. J 
Biol Rhythms. 2008;23:341-352.

 38.  Lyznicki JM, Doege TC, Davis RM, et al. Sleepi-
ness, driving, and motor vehicle crashes. Council 
on Scientific Affairs, American Medical Associa-
tion. JAMA. 1998;279:1908-1913.

 39.  Kingshott RN, Cowan JO, Jones DR, et al. The role 
of sleep-disordered breathing, daytime sleepi-
ness, and impaired performance in motor vehi-
cle crashes—a case control study. Sleep Breath. 
2004;8:61-72.

 40.  Akerstedt T, Peters B, Anund A, et al. Impaired 
alertness and performance driving home from 
the night shift: a driving simulator study. J Sleep 
Res. 2005;14:17-20.

 41.  Richardson GS, Miner JD, Czeisler CA. Impaired 
driving performance in shiftworkers: the role of 
the circadian system in a multifactorial model. 
Alcohol Drugs Driving. 1989-1990;5-6:265-273.

 42.  Rogers A, Holmes S, Spencer M. The effect of 
shiftwork on driving to and from work. J Hum 
Ergol (Tokyo). 2001;30:131-136.

 43.  Scott LD, Hwang WT, Rogers AE, et al. The rela-
tionship between nurse work schedules, sleep 
duration, and drowsy driving. Sleep. 2007;30: 
1801-1807.

 44.  Paz A, Berry EM. Effect of meal composition on 
alertness and performance of hospital night-shift 
workers. Do mood and performance have dif-
ferent determinants? Ann Nutr Metab. 1997;41: 
291-298.

 45.  Czeisler CA, Walsh JK, Roth T, et al. Modafinil for 
excessive sleepiness associated with shift-work 
sleep disorder. N Engl J Med. 2005;353:476-486.

 46.  Erman MK, Rosenberg R, for the US Modafinil 
Shift Work Sleep Disorder Study Group. Modafinil 
for excessive sleepiness associated with chronic 
shift work disorder: effects on patient function-
ing and health-related quality of life. Prim Care 
Companion J Clin Psychiatry. 2007;9:188-194.

 47.  Drake C, Walsh J, Roth T. Armodafinil improves 
sleep latency in patients with shift work disorder. 
Sleep. 2006;29(suppl):A64.

 48.  Roth T, Czeisler CA, Walsh JK, et al. Random-
ized, double-blind, placebo-controlled study of 
armodafinil for the treatment of excessive sleepi-
ness associated with chronic shift work disor-
der [abstract 161]. Neuropsychopharmacology. 
2005;30:S140.

 49.  Darwish M, Kirby M, Hellriegel ET, et al. Ar-
modafinil and modafinil have substantially dif-
ferent pharmacokinetic profiles despite having 
the same terminal half-lives: analysis of data from 
three randomized, single-dose, pharmacokinetic 
studies. Clin Drug Investig. 2009;29:613-623.

 50.  Darwish M, Kirby M, Hellriegel ET. Comparison 
of steady-state plasma concentrations of ar-
modafinil and modafinil late in the day following 
morning administration: post hoc analysis of two 
randomized, double-blind, placebo-controlled, 
multiple-dose studies in healthy male subjects. 
Clin Drug Investig. 2009;29:601-612.

 51.  Hart CL, Ward AS, Haney M, et al. Methamphet-
amine attenuates disruptions in performance 
and mood during simulated night-shift work. 
Psychopharmacology. 2003;169:42-51.

 52.  Hart CL, Haney M, Nasser J, et al. Combined 
effects of methamphetamine and zolpidem 
on performance and mood during simulated 
night shift work. Pharmacol Biochem Behav. 
2005;81:559-568.

 53.  Darke S, Kaye S, McKetin R, et al. Major physical 
and psychological harms of methamphetamine 
use. Drug Alcohol Rev. 2008;27:253-262.

 54.  Jay SM, Petrilli RM, Ferguson SA, et al. The suit-
ability of a caffeinated energy drink for night-
shift workers. Physiol Behav. 2006;87:925-931.

 55.  Muehlbach MJ, Walsh JK. The effects of caffeine 
on simulated night-shift work and subsequent 
daytime sleep. Sleep. 1995;18:22-29.

 56.  Walsh JK, Muehlbach MJ, Humm TM, et al. Ef-
fect of caffeine on physiological sleep tendency 
and ability to sustain wakefulness at night. Psy-
chopharmacology. 1990;101:271-273.

 57.  Wyatt JK, Cajochen C, Ritz-De Cesso A, et al. 
Low-dose repeated caffeine administration for 
circadian-dependent performance degradation 
during extended wakefulness. Sleep. 2004;27: 
374-381.

 58.  Haller C, Kearney T, Bent S, et al. Dietary supple-
ment adverse events: report of a one-year poi-
son center surveillance project. J Med Toxicol. 
2008;4:84-92.

 59.  Judelson DA, Armstrong LE, Sökmen B, et al. Ef-
fect of chronic caffeine intake on choice reaction 
time, mood, and visual vigilance. Physiol Behav. 
2005;85:629-634.

 60.  Hughes RJ, Badia P. Sleep-promoting and hypo-
thermic effects of daytime melatonin adminis-
tration in humans. Sleep. 1997;20:124-131.

 61.  Sharkey KM, Eastman CI. Melatonin phase shifts 
human circadian rhythms in a placebo-con-
trolled simulated night-work study. Am J Physiol 
Regul Integr Comp Physiol. 2002;282:R454-R463.

 62.  Sharkey KM, Fogg LF, Eastman CI. Effects of 
melatonin administration on daytime sleep after 
simulated night shift work. J Sleep Res. 2001;10: 
181-192.

 63.  Wyatt JK, Dijk DJ, Ritz-De Cecco A, et al. Sleep-
facilitating effect of exogenous melatonin in 
healthy young men and women is circadian-
phase dependent. Sleep. 2006;29:609-618.

 64.  Yoon IY, Song BG. Role of morning melatonin 
administration and attenuation of sunlight ex-
posure in improving adaptation of night-shift 
workers. Chronobiol Int. 2002;19:903-913.

 65.  Wright SW, Lawrence LM, Wrenn KD, et al. 
Randomized clinical trial of melatonin after 
night-shift work: efficacy and neuropsychologic 
effects. Ann Emerg Med. 1998;32:334-340.

 66.  Revell VL, Burgess HJ, Gazda CJ, et al. Advanc-
ing human circadian rhythms with afternoon 
melatonin and morning intermittent bright light. 
J Clin Endocrinol Metab. 2006;91:54-59.

 67.  Bonnet MH, Dexter JR, Gillin JC, et al. The use of 
triazolam in phase-advanced sleep. Neuropsy-
chopharmacology. 1988;1:225-234.

 68.  Casagrande M, Ferrara M, Curcio G, et al. Assess-
ing nighttime vigilance through a three-letter  
cancellation task (3-LCT): effects of daytime 
sleep with temazepam or placebo. Physiol Be-
hav. 1999;68:251-256.

 69.  Hart CL, Ward AS, Haney M, et al. Zolpidem- 
related effects on performance and mood dur-
ing simulated night-shift work. Exp Clin Psycho-
pharmacol. 2003;11:259-268.

 70.  Moon CA, Hindmarch I, Holland RL. The effect 
of zopiclone 7.5 mg on the sleep, mood and per-
formance of shift workers. Int Clin Psychophar-
macol. 1990;5(suppl 2):79-83.



ShiFT-woRk diSoRdeR

Vol 59, No 1 / JaNuary 2010

SupplemeNt to

available at jfponline.com


