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Abstract

This systematic review examines the effect of diverse psychosocial stressors on polysomnographic
measures of sleep. Sixty-three articles were located and categorized in terms of the types of
stressors imposed. Experimental stress resulted in fairly consistent changes: decreases in slow
wave sleep, REM sleep, and sleep efficiency (SE), as well as increases in awakenings. Data were
limited in terms of response to non-experimental stressors, except for the case of post-traumatic
stress disorder (PTSD) on sleep, where a number of reports suggest that PTSD patients have
increased awakenings and decreased SE. Future research needs to define stress more precisely in
terms of duration and severity and to measure its impacts on sleep in populations that differ in
terms of age, comorbid illness, gender, and so forth. Without such fine-grained analyses, it is
difficult to draw definitive conclusions about this important area.

Sleep researchers traditionally have focused on primary sleep disorders such as sleep apnea,
narcolepsy, or periodic limb movement disorder; but common knowledge has it that the
stresses of daily life can perturb even healthy sleep. As Mason (1968) described,
psychological stressors are potent stimuli for physiological stress responses. Most studies on
psychosocial stress and its physiological effects on sleep are based solely on subjective
reports. However, these subjective reports of sleep are not sufficient to evaluate
physiological sleep changes as measured by polysomnography (PSG; Akerstedt, Hume,
Minors, & Waterhouse, 1994; Schneider-Helmert & Kumar, 1995). What really happens in
sleep physiology after exposure to stressors? Although the gold standard of measurement of
sleep is PSG, there are relatively little data concerning the effects of ordinary or severe
stress on polysomnographically examined sleep. This article systematically reviews the
diverse literature in this area.

Sress is notorious for being difficult to define. It encompasses all kinds of stimuli of
varying amounts of aversiveness and duration (Dimsdale, Irwin, Keefe, & Stein, 2005).
Kecklund and Akerstedt (2004b) grouped stressors conceptionally into physical versus
psychological or social, acute versus chronic, and high intensity versus low intensity.
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Although there are numerous animal models of social stress, it is still challenging to
generalize psychosocial stress responses in animals to those in humans. This review focuses
on psychosocial stressors; other types of stressors such as environmental manipulations
(e.g., temperature), exercise, or intentionally imposed sleep disruption are not covered in this
article.

It is possible that different types of stressors may bring with them different impacts on sleep.
Issues such as the chronicity (Mellman, Bustamante, Fins, Pigeon, & Nolan, 2002) and
virulence (Brantley, Waggoner, Jones, & Rappaport, 1987) of the stress exposure thus need
to be considered in defining stressors’ effects on sleep. Thus, we attempted to group articles
around a common theme as to the nature of the stress. Unfortunately, the total number of
retrieved articles was so small (surprisingly) that, aside from the articles on post-traumatic
stress disorder (PTSD), the “grouping” of articles was difficult. We wound up contrasting
articles that dealt with (a) some aspect of daily stress (such as job stress) and life events
(such as divorce, bereavement), (b) experimentally imposed stressors (laboratory-based
studies), and (c) traumatic stressors (such as disasters or PTSD). The first and last categories
typically involve a longer duration of the stress exposure with varying levels of intensity; the
experimental stressors, on the other hand, typically involve a short-term exposure to mild
stress. We have grouped the occasional article involving brief exposure to a severe stressor
with the traumatic stressor category.

Examination of the relationship between stress and objectively measured sleep will allow a
deeper understanding of sleep physiology, possible modes of influence of stress on sleep,
and an appreciation of methodological limitations in other sleep research when stress is not
considered as a confounder.

We explored references in several ways. As a first step we used MeSH terms (Medical
Subject Headings of the National Library of Medicine) in PubMed that related to stress and
its effects on sleep characteristics that are measured polysomnographically. The MeSH
terms used were “stress” and “sleep.” To refine the concept of stress, we used subheadings,
or related MeSH terms, such as “stress, psychological,” “life change events,” “crowding,”
“disasters,” “stress disorders, post traumatic,” and “combat disorders.” To define objectively
measured sleep we used “sleep, physiology,” “polysomnography,” and “sleep stages.” Some
additional articles were found through the “related articles, links” function of the PubMed
site. All searching in PubMed or Korean Med was limited to human studies written in
English or Korean. We included studies that measured sleep with PSG and provided
sufficient information so that the type of stressor could be defined. Articles were excluded if
they were solely reviews or if they involved medication trials.

We also searched the database PsycINFO with the thesaurus “environmental stress,”
“occupational stress,” “physiological stress,” “psychological stress,” “social stress,”
“disaster,” “distress,” and “adjustment disorder” versus “REM sleep,” “NREM sleep” (non-
REM sleep), “sleep wake cycle,” and “polysomnography” using similar selection criteria as
explained earlier. We also examined the textbook, Principles and Practice of Seep
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Medicine (Kryger, Roth, & Dement, 2000), to look at the descriptions of stress on sleep; we
searched the keyword stress in the Web site of the journal Seep from Volumes 1 through 27.
Finally, we contacted researchers in the field in an effort to locate additional references
about the effect of stress on sleep.

PSG findings in the searched articles were arranged in tables according to the sleep
variables. Total sleep time (TST) was chosen as a representative of sleep duration and
defined as the sum of sleeping time spent from sleep onset to wake. Sleep latency (SL),
REM sleep latency (REML), total REM sleep time (REMT), and slow wave sleep time
(SWST) were chosen as measures of sleep architecture. REMT and SWST were presented in
tables first as a percentage of TST and then as the actual time in minutes, if the article did
not present the percentage of total sleep. To better examine sleep continuity, we looked at a
number of measures. These included sleep efficiency (SE) defined as percentage of TST
over time in bed, total wake time, number of awakenings, number of arousals, and wake
time after sleep onset (WASO). In addition, we evaluated the REM density (number of rapid
eye movements per hour of REM sleep) and body movement (number of body movements
while sleep) data when it was provided.

Search Results Using Differing Search Criteria

Searching PubMed by MeSH terms “stress” and “sleep,” only 17 articles measured sleep
objectively out of 190 articles that looked at the relation between sleep and stress. Alternate
searches of “stress, psychological” and “polysomnography” resulted in 8 articles; “life
change event” and “polysomnography” resulted in 12 articles; and “stress, psychological”
and “sleep stages” found 114 articles. There were predictably many overlapping articles
among these citations, and regrettably only a small portion of those articles actually
described objective sleep measures. After checking each article, we found 28 articles that
met our study criteria—that is, included polysomnographic findings in the results in
response to a definable stressor. The excluded articles reported only subjective sleep
findings. Using the phrase “stress disorders, post traumatic” with several subheadings of
“sleep,” we found an additional 18 articles. Nineteen articles dealt with environmental
stressors such as temperature or noise and were excluded from the review. This left 46
articles from PubMed that were retained for this review. Another search through PsycINFO
using the thesaurus entries listed in the Method section located 4 additional articles.

In the textbook by Kryger et al. (2000), there was no separate chapter describing stress
effects; rather, the text discussed environmental and “stress-related” factors such as
unfamiliar sleep environment, noise, temperature, sleep surface, sleep position, altitude, life
events, and expectancies that might contribute to transient insomnia. These stressor factors
were generally discussed in the text in terms of their tendency to be associated with
increased SL, REML and wakefulness, and decreased REM sleep and slow wave sleep
(SWS).
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In the journal Seep, using the term stressin a keyword search on the journal's Web site, we
found 10 additional articles dealing with the effects of stress on sleep. Correspondence with
scholars in the sleep medicine field yielded 1 additional article.

The total number of articles we analyzed was 63. These 63 articles were classified by type of
stressor, and tables summarizing studies in each of these categories are cited throughout this
article.

DAILY LIFE STRESS AND STRESSFUL LIFE EVENTS

Investigators have examined a wide variety of daily life stressors. The interpretation of some
of these studies is difficult because they include factors such as shift work with its effects on
chronobiology, superimposed on sleep. Goncharenko (1979; see Table 1) reported that shift
workers manifested long SL, decrease in SWS, increase in REM sleep, and shorter REML,
as compared to students. Kecklund and Akerstedt (2004a) reported that worry about going to
work the next morning resulted in a reduction of SWS. Both of these studies considered
emotional stress as the main contributing factor that resulted in sleep architecture change.
Sdderstrom, Ekstedt, Akerstedt, Nilsson, and Axelsson (2004) recently reported that the
sleep of workers before a workday showed shorter TST and shorter REM sleep time when it
was compared with sleep before a day off. Furthermore, workers with high burnout scores
had more arousals before both workdays and days off when compared with workers with
low burnout scores in this study.

Kobayashi, Ishikawa, and Arakawa (1998) studied the effects of daytime mental and
physical task activity on REM sleep. Mental task activity associated with high tension
(driving a car for 600 km) was associated with highly variable REM onset time in the later
part of the night, whereas physical task activity delayed REML and increased SWS in the
first sleep cycle.

In summary, diverse stressors that are commonly encountered in the daily environment
resulted in several changes in sleep architecture, but it is difficult to see any consistent
patterns because of the differences among the study populations and the variant nature of
daily life stresses. However, everyday emotional stress might lead to less SWS.

In studying the effects of stressful life events on sleep, many researchers tried to control for
the confounding effect of depression. Williamson et al. (1995) measured sleep and stressful
life events in normal adolescents and adolescents with major depressive disorder. They
found that decreased REML and increased REM sleep time were found only in the normal
controls having a high life events score. On the other hand, increased stressful life events
correlated with decreased SWS in both groups. SWS was the PSG variable most tightly
related to stressful life events in this study. Reynolds et al. (1993) measured sleep in 27 non-
depressed bereaved elderly and non-bereaved controls. They found no significant difference
in sleep measures except that REM density increased after 23 months of bereavement.
Cartwright and Wood (1991) found that ongoing marital separation in non-depressed
persons resulted in less delta sleep, a higher REM sleep percentage, and shorter REML.
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Hall et al. (1997) reported that more stressful event-related intrusive thoughts and avoidance
behaviors were associated with longer SL and lower delta sleep ratio. Hall et al. (1998) also
reported that greater frequency of intrusion and avoidance was significantly correlated with
longer SL and greater awake time during the first NREM period. In quantitative EEG
analysis, stress-related intrusive thoughts were associated with higher beta power, and
increased subjective stress burden was associated with decreased delta power (Hall et al.,
2000).

In summary, major stressful life events affect sleep in normal persons. These changes
included decreased REML, an increased REM sleep percentage, and reduced SWS. The
unique observation of increased REM density almost 2 years after bereavement is intriguing
and needs to be replicated.

EXPERIMENTAL STRESS ON SLEEP

In the laboratory, researchers can readily impose different kinds of physical or psychological
stressors and measure their effect on sleep. Several studies recorded sleep while using an
indwelling venous catheter as a mild stressor (see Table 2). Adam (1982) and Vitiello et al.
(1996) reported that blood sampling through an indwelling venous catheter decreased TST
and SE, increased awakenings, and reduced REM sleep when compared to baseline sleep.
Using the same study paradigm, Prinz, Bailey, and Woods (2000) and Prinz, Bailey, Moe,
Wilkinson, and Scanlan (2001) reported reduced SE, SWS, REM sleep, and increased
awakenings when participants slept with an indwelling catheter. Vitiello et al. also reported
SWS reduction, and Jarrett et al. (1984) reported decreased SE on the night of cannulation.
Dimsdale, Coy, Ancoli-Israel, Clausen, and Berry (1993) reported that blood pressure cuff
inflation was associated with increased arousals and wakefulness especially in the first night
of recording. In summary, there were inconsistent findings regarding SL, but these diverse
studies generally found that wearing medical equipment tended to decrease SE, SWS, and
REM sleep, and to increase awakening. It is uncertain if these changes persist with multiple
nights of sleep monitoring. One form of experimental stress may be the sleep laboratory
itself. The so-called “first-night effect,” which has been seen in individuals of all ages (Aber,
Block, Hellard, & Webb, 1989; Carvalhaes-Neto et al., 2003; Scholle et al., 2003), might
represent an adaptation burden to the sleep laboratory. Since Agnhew, Webb, and Williams
(1966) reported and defined the first-night effect, several researchers have described its
association with reduced TST, poor SE, less REM sleep, increased SL, and increased
WASO (Aber et al., 1989; Curcio, Ferrara, Piergianni, Fratello, & De Gennaro, 2004; Le
Bon et al., 2000; Li et al., 2004; Scholle et al., 2003; Toussaint et al., 1997). Carvalhaes-
Neto et al. reported reduced SWS in the first hospitalization night, and Le Bon et al. also
reported fewer SWS minutes on the first night of sleep study. On the other hand, Caoble,
McPartland, Silva, and Kupfer (1974) and Kim and Jeong (1998) reported no first-night
effect in a sleep laboratory that resembled a hotel-like comfortable setting. Individual
participant characteristics may affect the extent of the first-night effect on sleep. Drake,
Richardson, Roehrs, Scofield, and Roth (2004) divided participants into a group highly
vulnerable to insomnia and a group with low vulnerability to insomnia using the Ford
insomnia response to stress test. The high vulnerability group showed decreased TST and
increased SL during the first-night PSG when compared to the low vulnerability group.

Behav Seep Med. Author manuscript; available in PMC 2014 December 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Kim and Dimsdale

Page 6

Acute experimental psychological stress in healthy participants had a consistent effect on
REM sleep in early studies. In the 1960s and 1970s, many researchers reported that pre-
sleep stimulation influenced REM activity and awakenings (Baekeland, Koulack, & Lasky,
1968; Cluydts & Visser, 1980; Cohen, 1975; Goodenough, Witkin, Koulack, & Cohen,
1975). Pre-sleep stress, such as an aversive film (Baekeland et al., 1968; Cluydts & Visser,
1980; Goodenough et al., 1975; Lauer, Riemann, Lund, & Berger, 1987) or impersonal
treatment (Cohen, 1975), was associated with increased frequency of rapid eye movements
(REM density; Goodenough et al., 1975; Lauer et al., 1987), number of awakenings
(Baekeland et al., 1968; Cluydts & Visser, 1980), and longer SL (Goodenough et al., 1975).

More recently, Koulack, Prevost, and De Koninck (1985) gave an intellectually challenging
test to 16 male university students; the suggestion of inferiority led to longer SL and lower
REM density than at baseline. Germain, Buysse, Ombao, Kupfer, and Hall (2003) reported
that acute experimental psychological stress reduced rapid eye movement counts during the
last REM sleep period in healthy participants when compared to non-stressed control
participants. They analyzed this change through a model in which a situational factor (stress)
influenced REM counts while a dispositional factor modified that change. Vein et al. (2002)
reported that negative emotions induced by provocative questions lengthened SL and
redistributed SWS, such that it increased SWS in the second sleep cycle.

Levin, Strygin, & Korabel’nikova (2002) also reported that emotional stress decreased SWS
in the first sleep cycle. They then divided participants into adaptive and non-adaptive groups
according to the coping strategies employed, and observed that the non-adaptive group had
more changes in sleep structure after emotional stress; these changes included increased SL,
decreased number of awakenings and movements, and reduced SWS in the first sleep cycle.
This sort of design whereby sleep is considered in the context of both stress and adaptation
is a promising research direction and one that is relatively lightly explored in the literature.

There are, of course, many variants of experimental stress including observations made
outside of the laboratory itself. For instance, Beaumaster, Knowles, and MacLean (1978)
measured the pre- and post-stress effect of a parachute jump on sleep, and found that
experienced parachutists had less pre-jump SL when compared with the novice group.

In summary, mild manipulation such as an indwelling catheter or adaptation to the sleep
laboratory environment resulted in lower SE, frequent awakenings, decreased REM sleep,
and less SWS. Experimental psychological stressors were also associated with increased SL
and decreased SWS in the first cycle. There are conflicting observations regarding the effect
of laboratory stressors on REM-related variables.

TRAUMATIC STRESS

Sorrow and horror come in all-too-many “flavors.” Given the fact that disrupted sleep is
commonly reported in PTSD, there have been many studies of sleep in PTSD patients (see
Table 3). Characteristically, the traumatic stress was severe and usually chronic or
reverberating, reflecting stressors such as combat, natural disaster, holocaust, or traffic
accident. Some studies suggested that a history of exposure to severe stress was associated
with sleep architecture changes, regardless of PTSD; others specifically investigated the
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differences of sleep architecture between those exposed to severe trauma versus those
diagnosed with PTSD.

Many articles reported only one or two sleep variables in PTSD patients that were
significantly different from those in controls. However, those variables differed from study
to study, and some authors (Breslau et al., 2004; Hurwitz, Mahowald, Kuskowski, &
Engdahl, 1998; Klein, Koren, Arnon, & Lavie, 2002; Lavie, Katz, Pillar, & Zinger, 1998;
Mellman, David, Kulick-Bell, Hebding, & Nolan, 1995) found no differences in sleep
architecture between PTSD patients and controls.

Increased awakenings were commonly reported in PTSD patients (Astrom, 1989; Germain
& Nielsen, 2003; Hefez, Metz, & Lavie, 1987; Kramer & Kinney, 1988; Lavie, Hefez,
Halperin, & Enoch, 1979; Mellman, Kulick-Bell, Ashlock, & Nolan, 1995; Mellman, Nolan,
Hebding, Kulick-Bell, & Dominguez, 1997; Mikulincer, Glaubman, Wasserman, Porat, &
Birger, 1989; Woodward, Arsenault, Murray, & Bliwise, 2000). Decreased SE (Astrom,
1989; Germain & Nielsen, 2003; Hefez et al., 1987; Kramer & Kinney, 1988; Lavie et al.,
1979; Mellman, Kulick-Bell, et al., 1995; Mellman et al., 1997; Mikulincer et al., 1989),
decreased TST (Astrom, 1989; Dow, Kelsoe, & Gillin, 1996; Hefez et al., 1987; Lavie et al.,
1979; Mellman et al., 1997), and increased REM density (Hefez et al., 1987; Mellman et al.,
1997; Ross et al., 1994a; Ross et al., 1999) were also commonly reported. Mellman, David,
et al. (1995) reported that the “re-experiencing symptom” item from the PTSD severity scale
was significantly correlated with REM density in PTSD patients. However, the reported
change of REM sleep across studies has been variable; Engdahl, Eberly, Hurwitz,
Mahowald, and Blake (2000), Ross et al. (1994b), Ross et al. (1999), and Woodward,
Murburg, and Bilwise (2000) reported an increased REM sleep percentage; whereas Hefez
et al., Kramer and Kinney (1988), Lavie et al. (1979), and Mikulincer et al. (1989) reported
a decrease in the REM sleep percentage. Four studies reported increased REML (Hefez et
al., 1987; Kramer & Kinney, 1988; Lavie et al., 1979; Mikulincer et al., 1989), and one
study reported decreased REML (Greenberg, Pearlman, & Gampel, 1972). Unfortunately,
the analysis of the PTSD participants in the laboratory did not control for depression and did
not contain a control group for comparison.

Woodward, Friedman, and Bliwise (1996) reported reduced SWS in individuals with both
PTSD and depression when compared with individuals with PTSD but without depression.
Astrom (1989) found decreased SWS in the victims of torture when compared to controls.
Kramer and Kinney (1988) reported that Vietham veterans showed less SWS, but there was
no control group in their study. Mikulincer et al. (1989) observed reduced SWS in PTSD
patients when compared to controls.

Arousals may be abnormal in patients with PTSD. Mellman, David, et al. (1995) reported
increased arousals during sleep, and Breslau et al. (2004) reported increased arousals during
REM sleep. Woodward, Murburg, and Bil-wise (2000) found that PTSD patients have more
beta-band EEG power in REM sleep and observed that this phenomenon was correlated with
subjective hyper-arousal symptoms. On the other hand, Hurwitz et al. (1998) and Engdahl et
al. (2000) reported decreased arousals during non-REM sleep. Klein et al. (2002) found that
PTSD patients have an increased threshold to awakening, so this observation was
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compatible with the observation of no increase of wake time in PTSD patients. Lavie et al.
(1998) found that more time was needed to awaken the combat PTSD patients from their
REM sleep.

Abnormalities of body movements during sleep have been reported in PTSD patients as
compared to controls. Woodward, Leskin, and Sheikh (2002) and Woodward, Leskin, and
Sheikh (2003) reported reduced body movements during sleep in PTSD patients and
described this as “freezing body.” However, several authors reported increased body
movement and periodic limb movement during sleep (Germain & Nielsen, 2003; Hefez et
al., 1987; Lavie & Hertz, 1979; Ross et al., 1994a). Mellman, Kulick-Bell, et al. (1995) also
observed a trend of increased body and limb movements during sleep in combat survivors.

Nightmares are felt to be hallmarks in defining symptoms of PTSD. Interestingly, some
authors found that nightmares were not associated with increased REM sleep in PTSD
patients (Woodward et al., 2002).

Schlosberg and Benjamin (1978) reported three acute combat fatigue cases whose sleep
showed reduced TST, delayed SL and REML, reduced REM sleep and SWS, increased
awakenings, and poor SE. These findings are similar to those observed during acute
laboratory adaptation stress. Mellman et al. (2002) recorded sleep within 1 month of injury,
and found that injured patients who did not develop PTSD showed reduced TST, increased
WASO, and increased REM density when compared to healthy controls. In contrast, patients
who went on to develop PTSD showed more periods of REM sleep and shorter average
duration of REM sleep as compared to patients without PTSD.

Many studies reported that PTSD patients present with increased awakenings, reduced TST,
and decreased SE. There was less consistency regarding effects of PTSD on REM activity.
Inspection of the study characteristics summarized in Table 3 reveals that the sample size for
many of these studies was quite small. In addition, the influence of comorbidity factors such
as depression or substance abuse was frequently not addressed. To the extent that PTSD is
confounded by other factors such as chronic pain, understanding the PSG consequence of
PTSD is further complicated. Dow et al. (1996) designed a study to compare PTSD patients
with major depression to those with just major depressive patients and to healthy controls.
The results were difficult to interpret because the sleep change observed in PTSD with
comorbid depression was only decreased TST, and that observed in major depression
without PTSD was also a tendency to reduced TST.

DISCUSSION

In looking at the effect of stress on sleep polysomnographically, we were surprised at the
paucity of studies during the last 4 decades. With the possible exception of PTSD, there
have been few studies with replicated designs on particular groups of participants exposed to
specific types of stressors. This limitation is an obvious one in trying to draw overall
conclusions. We felt that it was sensible as a first step to group stressors with similar
characteristics of time and intensity rather than attempt to analyze possible “global effects”
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of stress on polysomnographic findings. We also felt that, perhaps with the exception of
PTSD, there were too few studies with common methodologies to warrant a meta-analysis.

By way of aside, it is important to acknowledge that in comparison to the paucity of human
studies on this topic, there are numerous animal studies of stress and its effects on PSG. In
animal models of experimental stress, researchers commonly studied social defeat stress and
immobilization stress (Meerlo, Easton, Bergmann, & Turek, 2001). Although there were
individual differences in the effects of acute stress in the rat (Bouyer, Deminiere, Mayo, &
Le Moal, 1997), social defeat stress enhanced slow wave activity in NREM sleep (Meerlo,
Pragt, & Daan, 1997), whereas 2-hr immaobilization stress increased paradoxical sleep
(Rampin, Cespuglio, Chastrette, & Jouvet, 1991). Unlike the human studies, SWS and REM
sleep changes were fairly consistent according to the types of stress. Social stress increased
SWS activity, and immobilization increased REM sleep (Palma, Suchecki, & Tufik, 2000).
When the stress duration was lengthened, SWS or REM sleep effects were changed. For
example, immobilization stress more than 4 hr reduced the paradoxical sleep increase
(Marinesco, Bonnet, & Cespuglio, 1999); chronic stress decreased SWS, REM sleep, and
even altered the circadian pattern (Kant et al., 1995).

The main focus for the studies that we categorized as “daily life stress” was the effects of
occupation-related stress and psychological distress on sleep. We considered this group as
reflecting exposure to chronic, non-severe stressors. There were few studies, and no
consistent patterns were noted concerning their effect on sleep (see Tables 1 & 4). However,
the number of studies was so small and the diversity of life troubles so extensive (ranging
from job stress to marital disruption) that the lack of consistency might be expected.
Recently, some researchers have begun examining participants who are caregivers of
chronic patients (von Kanel et al., 2006); this design would potentially be a promising one in
that the stress is chronic and frequently encountered. Similarly, there certainly are enough
individuals exposed to job stress or to marital disruption to allow replicated studies. In this
regard, it would be important to recognize the continuing discussion in the stress literature
that events are not stressful unless they are perceived as such by the participant (Shaw,
Dimsdale, & Patterson, 2000). As Shakespeare noted, “there is nothing either good or bad
but thinking makes it so.” Thus, considerations of continuing daily stressful events might
need to consider the individual's construal of how distressing an event was (for some,
marital separation is a blessing not a tribulation). For the most part, the articles reviewed
here do not allow an exploration of the emotional “texture” of the life event exposure, the
individual's appraisal of the intensity of the stress as related to its effects on sleep.

There were only five studies that examined stressful life events such as bereavement and
divorce with PSG (Table 5). Here again, it is difficult to summarize across these few
articles, as timing of the life event vis a vis the sleep recording differed. Similarly, in some
instances depression is superimposed on the life events exposure; thus, it is difficult to tease
apart the effects of stress exposure from depression. Two studies in normal participants
confronted with stressful life events showed a decrease of REML, increase of REM sleep,
and a decrease of SWS. These changes in sleep architecture resemble the sleep changes in
depression. Monroe, Thase, and Simons (1992) reported that life stress before depression
onset did not change the REML, whereas depression without stress reduced REML. Thus,
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further studies need to be performed that explicitly examine exposure to life events with and
without depression comorbidity. The measurement of stressful life event-related intrusive
thought and avoidance behavior in several studies (Hall et al., 1998; Hall et al., 1998; Hall et
al., 2000) suggests a promising model for examining how the response to a stressor is related
to effects on SL and delta sleep.

There were a large number of studies that examined exposure to diverse experimental
stressors. Having an indwelling intravenous catheter or being in the sleep laboratory itself
resulted in consistent polysomnographical findings: delayed SL, lower SE, frequent
awakenings, decreased REM sleep, and less SWS. Experimental psychological stress was
associated with increased SL and awakening. It seemed to have more diverse sleep effect,
especially on REM sleep and SWS. In understanding the sleep changes associated with
indwelling catheter or with the first-night effect in the sleep laboratory, it is difficult to
disentangle psychological burden from novelty with the data at hand. The lack of
consistency in REM sleep and SWS changes after experimental psychological stressors
might reflect varying sleep changes corresponding to the psychological meaning or coping
entailed by the task. REM sleep and SWS seemed to be reactive to both nonspecific simple
stress and complex diverse stress. We need more sophisticated examination in the future to
understand these subtle changes of REM sleep or SWS. Of course, stressors elicit multiple
physiological effects in terms of autonomic functioning, and some investigators (Hall et al.
2004) have begun examining stressors in the context of both their peripheral autonomic
activity and their PSG effects. This is a profitable direction for future research.

Short-term experimental stressors, as a whole, were associated with increased SL and
awakening, as well as with decreased SE (see Table 6). We infer that these changes of sleep
architecture are fairly typical stress responses because polysomnographic findings were
relatively consistent across numerous types of acute stressors.

In traumatic stress, the most frequent findings were no significant changes in any specific
sleep variable (see Table 7). This observation might be due to the timing of studies. For
example, many researchers performed their sleep studies 10 to 20 years after combat
exposure, and there could be many factors influencing sleep including psychological,
physiological, and the compensation process itself. It is still unclear whether the traumatic
exposure itself influenced the sleep or whether the subsequently developing PTSD adversely
influenced sleep. In the case of acute traumatic stress studies, the results were similar to the
experimental stress studies. This may imply that the time course of stressor exposure (i.e.,
immediate effects of stress on sleep) may be similar, regardless of the intensity of the
stressor.

Several issues emerged from our research on stress and sleep. Many authors defined
stressors in an idiosyncratic fashion, and the range of stressors was enormous. There is no
agreement as to how such diverse stressors should be classified. We adopted an approach
that facilitated rapid grouping of articles with a common methodology. Other classification
schemes may come up with different overall observations. It is also difficult to quantitate
stress in term of dosage. Finally, the duration of stressor exposure may be protracted or
brief; a catastrophic stress, for example, might reverberate for decades.
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Psychosocial stressors appear to be related increased SL, decreased SE, decreased REM
sleep and SWS, and increased awakening (see Table 8). Increased awakening and decreased
SE seemed to be the most sensitive variable to stress, and increased SL seemed to be very
sensitive to acute experimental stressors.

Although PSG is the best way of objectively measuring sleep, sleep is an actively changing
complex process. Many studies found no effect of stress on sleep variables (Table 8); such
observations may simply reflect the enormous diversity of human response to stressors or a
need for new ways of examining polysomnographic records. Other sophisticated objective
tools for measuring sleep, such as neuroimaging techniques, may be useful in future
research; and incorporating new paradigms for analysis of physiological measures such as
heart rate, respiration, and vascular change will certainly add more information when
examining human sleep.

Readers will note that this review sidesteps the question of the physiological mechanism
whereby stress influences sleep. Whether these effects are being driven by factors such as
elaboration of cytokines, hypothalamic—pituitary— adrenal axis disruption, or autonomic
nervous system alteration will be difficult to tease apart until the literature makes more
progress in specifying the necessary study design for future studies.
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Summary of Changes of Major Sleep Variables in Response to Daily Stress—Four Studies

TABLE 4
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Variable NoData Reported Data J (% Among Reported) 1 (% Among Reported) No Change (% Among

Reported)
Slow wave sleep 0 4 50.0 25.0 25.0
REM sleep 2 2 50.0 50.0 0.0
Sleep efficiency 3 1 0.0 0.0 100.0
Sleep latency 2 2 50.0 0.0 50.0
REM sleep latency 1 3 333 333 333
Awakening 3 1 0.0 100.0 0.0
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TABLE 5

Page 24

Summary of Changes of Major Sleep Variables in Response to a Stressful Life Event—Five Studies

Variable NoData Reported Data J (% Among Reported) 1 (% Among Reported) No Change (% Among

Reported)
Slow wave sleep 1 4 50 0.0 50
REM sleep 2 3 0.0 66.7 333
Sleep efficiency 1 4 0.0 0.0 100.0
Sleep latency 0 5 0.0 40 60
REM sleep latency 0 5 40 0.0 60
Awakening 4 1 0.0 100.0 0.0
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TABLE 6
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Summary of Changes of Major Sleep Variables in Response to Experimental Stress—27 Studies

Variable NoData Reported Data J (% Among Reported) 1 (% Among Reported) No Change (% Among

Reported)
Slow wave sleep 5 22 31.8 0.0 68.2
REM sleep 5 22 36.4 45 59.1
Sleep efficiency 11 16 56.3 0.0 43.8
Sleep latency 7 20 5.0 45.0 50.0
REM sleep latency 9 18 0.0 22.2 77.8
Awakening 7 20 0.0 75.0 25.0
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TABLE 7
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Summary of Changes of Major Sleep Variables in Response to Traumatic Stress—27 Studies

Variable NoData Reported Data J (% Among Reported) 1 (% Among Reported) No Change (% Among

Reported)
Slow wave sleep 3 24 20.8 4.2 75.0
REM sleep 2 25 20.0 16.0 64.0
Sleep efficiency 4 23 39.1 0.0 60.9
Sleep latency 4 23 0.0 8.7 91.3
REM sleep latency 3 24 42 16.7 79.2
Awakening 5 22 0.0 455 54.5
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Meta-Summary of Stress Effects on Changes of Major Sleep Variables—63 Studies

TABLE 8

Page 27

Variable NoData Reported Data J (% Among Reported) 1 (% Among Reported) No Change (% Among

Reported)
Slow wave sleep 9 54 29.6 3.7 66.7
REM sleep 11 52 26.9 15.4 57.7
Sleep efficiency 19 44 40.9 0.0 59.1
Sleep latency 13 50 4.0 26.0 70.0
REM sleep latency 13 50 8.0 18.0 74.0
Awakening 19 44 00 61.4 38.6
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