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Abstract
Background and purpose—To determine the sleep response to caffeine in individuals vulnerable
to stress-related sleep disturbance as measured by polysomnography.

Patients and methods—Eleven healthy individuals without insomnia scoring low (4 women,
mean age=32.64 ± 15.46 years) and 10 healthy individuals also without insomnia scoring high (6
women, mean age=34.20 ± 13.73 years) on a measure of vulnerability to stress-related sleep
disturbance were studied in a laboratory protocol. A moderate-low dose of caffeine (3 mg/kg) was
administered 1 h prior to lights-out and compared to a counterbalanced control night with each
condition separated by 1 week. Standard polysomnographic measures were assessed (i.e. total sleep
time, sleep efficiency, latency to persistent sleep, and sleep stage percentages) for both control and
caffeine nights.

Results—There were no between-group differences in sleep on the control night. Importantly,
individuals reporting vulnerability to stress-related sleep disturbance had significantly prolonged
latency to persistent sleep in response to the caffeine challenge (interaction; P <0.05).

Conclusion—Normal sleepers with an identified vulnerability to stress-induced sleep disturbance
exhibited greater objectively verifiable sleep-reactivity in response to a caffeine challenge compared
to non-vulnerable individuals. These results suggest that the construct of individual differences in
vulnerability to sleep disturbance applies to a pharmacological ‘stressor’ (i.e. caffeine) as well as to
previously assessed stressors such as a first-night effect. This finding provides further support for
generalized trait vulnerability by demonstrating a sleep disturbance to a wake-promoting
pharmacological challenge in specific a priori identified individuals.
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1. Introduction
Insomnia is now recognized as one of the most prevalent [1,2] and costly [3,4] sleep disorders.
Criteria for insomnia in the diagnostic and statistical manual of mental disorders (DSM-IV)
include a patient report of difficulty falling asleep, staying asleep, or having non-restorative
sleep for a period of at least 4 weeks, associated with impairment in daytime functioning (e.g.
occupational, social, other). In addition, these symptoms cannot be accounted for by another
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medical or psychiatric condition. Studies have begun to document a high degree of morbidity
associated with insomnia including reductions in quality of life that are comparable to other
chronic illnesses such as congestive heart failure and depression [5,6].

Although there are a number of well established options available for insomnia treatment [7],
data regarding the etiology of this disorder remain sparse. However, there is an increasing body
of literature regarding the psychological and physiological differences between insomniacs
and good sleepers. Several studies have demonstrated a greater prevalence of intrusive
thoughts, worry, and rumination [8], poor sleep hygiene [9,10], dysregulation of the
hypothalamic pituitary axis [11], elevations in sympathetic activity [12], and metabolic rate
[13], increased daytime alertness [14], and elevated high-frequency electroencephalographic
(EEG) activity [15–17] in patients with insomnia compared to good sleepers.

Clearly, these data represent a growing body of evidence supporting the association between
both cognitive and physiological measures of hyperarousal and insomnia. However, an
important question remains. Specifically, what is the temporal relationship between
hyperarousal and the development of insomnia as well as the progression of the disorder?
Laboratory studies have demonstrated the ability to produce sleep disturbance in healthy good
sleepers similar to that of insomniacs through experimental challenges [18,19]. These findings,
along with converging evidence for an elevation in physiological and cognitive arousal
measures in insomnia patients, are a first step in determining whether elevated arousal in
insomnia represents the underlying pathophysiology of the disorder or a concomitant process
resulting from the sleep disturbance itself.

An alternative approach to answering these questions is to study specific aspects of sleep-
related processes prior to the onset of the disorder. Although this approach presents many
challenges, such as identifying individuals with a ‘high risk’ for developing insomnia, it has
produced promising results. We have recently developed [20] and longitudinally validated
[21] the Ford Insomnia Response to Stress Test (FIRST), a measure to identify individuals
predisposed to sleep disturbance and the subsequent development of chronic insomnia. This
nine-item self-report instrument assesses the potential likelihood that an individual will
experience sleep disturbance following various stressful events/situations. The FIRST was
designed to assess sleep-related ‘reactivity’. While insomniacs do score high on this measure
[22], it is not intended to identify insomniacs per se, but rather to determine individuals who
may be ‘at risk’ for developing insomnia in the future. Although, as might be expected, scores
are elevated in insomniacs [22], preliminary data in non-insomniacs suggests that individuals
scoring high on this measure have a greater risk for the development of insomnia over the
course of the next year [21]. This instrument has facilitated research on individuals at risk for
insomnia to be carried out prior to the development of the disorder.

In a previous study, we demonstrated the existence of a trait vulnerability to hyperarousal and
its association with elevated polysomnographically (PSG) measured sleep disturbance in
response to the stress of a first night in the laboratory as predicted by the FIRST [20]. However,
further studies addressing the beginning stages of the evolution of insomnia are needed.
Specifically, the extent to which this trait vulnerability is generalizable to other stressors or
challenges beyond those previously assessed has yet to be determined. Furthermore, the
characteristic emotional reactivity typically associated with insomnia [23], sometimes alluded
to as a ‘predisposing’ factor [24], has rarely been tested using a physiologic challenge.

In 2003, Bonnet and Arand [25], assessed the sleep-related response of individuals who
demonstrated differentially poor sleep on laboratory adaptation and found that these individuals
also had poor sleep in response to caffeine administration and a circadian phase-shift challenge.
This demonstrationed the widely held belief that some individuals have a trait vulnerability to

Drake et al. Page 2

Sleep Med. Author manuscript; available in PMC 2008 September 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



situational insomnia. The present study was aimed at comparing the sleep-related reactivity of
individuals “a priori” hypothesized to be vulnerable to developing insomnia compared with
normal healthy sleepers using low-moderate nocturnal caffeine (3 mg/kg).

2. Methods
2.1. Subjects

Participants were recruited from individuals who had participated in previous sleep center
protocols as well as from media advertisements (newspaper and television). The study sample
included two groups of individuals, none of whom met diagnostic criteria for insomnia. The
exclusion of insomnia diagnosis and other subject selection criteria was made based on
systematic clinical evaluation/screening of study participants initially by phone by a trained
rater subjects were further interviewed (structure clinical interview for Diagnostic and
Statistical Manual of Mental Disorders—fourth edition (DSM-IV)) by trained personnel in the
laboratory. Subjects were excluded if they endorsed difficulty falling asleep, staying asleep,
or having non-restorative sleep for 1 month or more at any time during their lifetime.

Habitual sleep information was determined by self-report on a standard sleep questionnaire
regarding behavior during the previous week. Participants were restricted to those who reported
a habitual (past week) bedtime between 9 p.m. and 1 a.m. and wake time between 6 and 9 a.m.,
reported spending at least 7 h/night in bed, reported no more than three awakenings per night,
and reported ‘refreshing sleep’ based on a sleep quality rating (four-point Likert Scale).
Following a PSG screening night, individuals with an apnea–hypopnea or periodic limb
movement index ≥five per hour of sleep were excluded. No subjects met either of these criteria
on PSG screening. Participation was restricted to individuals who regularly drank at least two
caffeinated beverages per week (upper limit of three caffeinated beverages per day).

Only individuals scoring less than seven on the Hamilton Depression Rating Scale (HDRS)
were allowed to participate. Individuals currently using hypnotics or other psychotropic
medications, or those currently engaged in shift work were excluded. Any individual with a
reported current or previous history of any significant psychiatric or medical disorder was also
excluded from participation based on telephone interview and laboratory evaluations as noted
above. Smokers were excluded from participation.

Thus, individuals in each group were healthy normal volunteers without significant illnesses.
A total of 30 individuals met initial screening criteria, but nine individuals did not complete
the study for a variety of reasons. Specifically, one subject dropped out due to pregnancy, one
could not swallow the caffeine pills, five were discontinued due to noncompliance with some
aspect of the protocol, one subject did not feel comfortable sleeping in the laboratory, and one
subject had unreadable PSG screening data. Using a median split on FIRST scores, individuals
were separated into two groups: those scoring low (≤ 18) on the FIRST scale (n = 11, 4 women,
mean age = 32.64 ± 15.46 years) and those scoring high (> 18) on this measure (n = 10, 6
women, mean age = 34.20 ± 13.73 years). There were no significant differences in age or
gender distribution between the groups (P>0.05). There are no questions on the FIRST
addressing an individual’s sleep-response to caffeine. All procedures were approved by the
institutional review board and informed consent was obtained from all participants. Individuals
were paid for study participation.

2.2. Procedures
Prior to the experimental nights, participants completed an adaptation night in the laboratory,
during which they were evaluated for any signs of periodic limb movements or sleep-disordered
breathing using a nasal–oral thermister and leg electromyogram (EMG). Participants were then
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scheduled for two overnight visits, each separated by 1 week. In several cases, screening PSG
bedtimes were allowed to vary according to each participant’s habitually reported bedtime
although most subjects were recruited from a previous protocol with screening PSGs offset to
8.5 h time in bed. In order to standardize the experimental nights, PSGs were set to 8 h beginning
at 11 p.m. (lights-out) and ending at 7 a.m. (lights-on). Caffeine was administered 60 min prior
to bedtime at 10 p.m. Each recording included electroencephalograms (EEG) (C3, C4, O1, O2
referenced to contralateral ear electrodes), two electro-oculograms (EOG) (bilateral
horizontal), submental EMG and electrocardiogram (ECG) (V5 lead) and were scored in 30-
s epochs according to standard procedures [26]. In addition, leg movements were monitored
using a bilateral tibialis EMG, and respiration was monitored using a nasal/oral thermistor. All
recordings were made using Grass Heritage or Aurora digital polygraphs (Grass-Telefactor,
Astromed, Inc, West Warwick, RI).

Participants were administered 3 mg/kg of caffeine in pill form on one of the two overnight
laboratory visits. This dose was chosen as it has been shown to produce small to moderate
disruptions of sleep initiation in healthy normal individuals [27]. Counterbalancing was
incomplete due to scheduling conflicts and attrition. Overall, 12 subjects were studied with the
control night as the first experimental night, while nine participants were studied with caffeine
administration as the first experimental night. Subjects were instructed to eat a meal prior to
coming into the laboratory at 8 p.m., and subjects did not consume any food thereafter on the
laboratory nights. Subjects were given breakfast at approximately 7 a.m. Subjects were
instructed to refrain from consuming any alcohol or caffeine after 5 p.m. on any laboratory
night. Noise and other environmental stimuli were minimized, as is standard in the laboratory.
The private sound attenuated and individually temperature-controlled bedrooms were located
on a separate wing from any hospital offices and in a building that is separate from all in-patient
medical facilities for the hospital.

2.3. Statistics
The primary outcome measure for the present study was latency to persistent sleep (20
continuous epochs of PSG sleep). This selection was based on its frequent use as an outcome
measure of sleep onset in the clinical insomnia literature, sleep latency as a component in the
diagnosis of chronic primary insomnia, and the documented effect of caffeine on sleep latency
[27]. Furthermore, the moderate dose of caffeine utilized as the sleep-related challenge (3 mg/
kg caffeine) has not been shown to produce significant sleep disturbance beyond a latency
effect when administered prior to bedtime. Nonetheless, sleep efficiency was also tested as a
secondary measure in order to facilitate comparisons with other clinical insomnia literature
[28]. A two-factor mixed (Group X Caffeine) repeated measures analysis of variance
(ANOVA) was used to test for differences in the sleep-related response to caffeine for latency
to persistent sleep and sleep efficiency. Follow-up post-hoc t-tests were performed if an
interaction was present. An alpha criterion of 0.05 was used to determine statistical
significance. Potential differences in demographic variables were tested using the Student’s t-
test and χ2 analysis, respectively.

3. Results
No demographic differences were found between groups in terms of age, gender, caffeine
consumption, or other pertinent demographic variables (see Table 1). Table 2 contains means
and standard deviations for all sleep variables by group for each condition. No differences in
latency to persistent sleep were found between FIRST groups (main effect of group, F(1,19)
= 3.34, P = 0.08), supporting the contention, along with habitual sleep times, that none of the
participants in either group were insomniacs or demonstrated basal sleep disturbance. A main
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effect for caffeine was present (main effect of condition, F(1,19) = 8.97, P = 0.007), illustrating
that this dose of caffeine was effective at producing prolonged sleep latency.

Importantly, there was a significant interaction (group by condition, F(1,19) = 4.90, P = 0.04)
(Fig. 1), suggesting an effect of caffeine at this moderate-low dose only in the vulnerable group
(High FIRST). Post-hoc t-tests showed that the High FIRST group responded to caffeine with
an increased latency to sleep (P < 0.02), while the Low FIRST group did not (P = 0.46). The
effect size calculated for the High FIRST group in terms of the effects of caffeine in standard
deviation units (Cohen’s d) was d = 1.21.

No differences in sleep efficiency were found between FIRST groups (main effect of group,
F(1,19) = 0.28, P = 0.60=n.s.), further supporting the contention that none of the participants
in either group were insomniacs. A main effect of caffeine was found (Main effect of condition,
F(1,19) = 10.39, P = 0.004), also providing evidence for the impact of caffeine on sleep
efficiency, although much of this effect was likely accounted for by the impact of nocturnal
caffeine administration on sleep onset latency as described above. No interaction was present
for sleep efficiency (Interaction F(1,19) = 0.48, P = 0.50).

While the results of additional analyses regarding PSG variables did not reach statistical
significance (Table 2), there was a trend for slow wave sleep to be reduced in the High FIRST
group on the caffeine administration night, while the other group was comparable on this sleep
parameter across the two nights.

4. Discussion
This study served to extend our previous findings in individuals identified as having a
vulnerability to sleep disturbance [20]. Specifically, the current data demonstrate that
individuals who report a vulnerability to stress-induced sleep disturbance also show elevated
sleep-related reactivity in terms of their polysomnographic response to the effects of a
pharmacological challenge (3 mg/kg caffeine). This is an important extension in that it
supports, along with our previous work, the possibility that individual vulnerability to sleep
disturbance may be mediated by an underlying physiological reactivity to stimuli that cross
broad categories of psychological and physiological challenges to the sleep system.
Furthermore, the relatively low dose of caffeine used in the present study, equal to
approximately two cups of coffee, suggests that for a subset of individuals, small otherwise
benign stimuli may trigger insomnia. This notion is consistent with the observation that some
individuals (~22%) are unable to identify a specific stressor that they believe can account for
the onset of their insomnia symptoms [29]. An important result of the present study is that
following nocturnal caffeine administration, the vulnerable population had a higher sleep
latency (~60 min) than is typically reported for chronic insomniacs [30] and longer than that
found in studies using similar doses of caffeine in healthy subjects [27].

The present results are consistent with those of Bonnet and Arand 2003 [25], who found that
subjects who had poor sleep on a laboratory adaptation night also showed consistent sleep
disturbance following caffeine administration and a circadian phase-shift challenge. Our results
compliment those findings using a mild stressor and show that such vulnerable individuals can
be identified a priori. The importance of the generalizability of the current study as well as the
previous research regarding vulnerability to acute sleep disturbance is apparent when
considering that it provides evidence for an overall vulnerability or predisposition to sleep
disturbance rather than a distinct vulnerability to a specific stressor. While it is possible that
some individuals will react more or less prominently to a specific stressor, our current data and
that of others [32] imply that there may be individuals who have a trait vulnerability to sleep
disturbance from a very broad range of challenges to the sleep system. These findings suggest
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why multiple stressors across an array of categories such as medical or psychiatric disease and
psychosocial stress may trigger chronic insomnia in some individuals but not others [31–33].
As the current data and other research [25] has suggested, there are specific individual
differences responsible for the sleep-response to stress [7,20] and these differences may be
markedly important in terms of the longitudinal development of insomnia [21].

As noted by Spielman et al. [34], it is likely that it is the interaction of individual vulnerability
with specific triggers in the environment that serves to produce chronic insomnia. The high
variability in the High FIRST group suggests that the predisposition to insomnia may lie on a
continuum and that a specific cut point for such a construct may be less important than the
degree of inherent vulnerability. Thus, a greater degree of inherent vulnerability to acute sleep
disturbance may convey a proportionally larger risk for the eventual development of chronic
insomnia. The current results provide further support for the existence of a generalized
individual vulnerability or predisposition to insomnia and emphasize the need and value of
future work in this area.

Several limitations of the present study should be noted. First, due to the absence of a ‘placebo’
condition, we cannot fully determine the exact nature of the underlying precipitant/trigger of
the sleep disruption in the High FIRST group. For example, simply the act of consuming a pill
prior to bedtime that is anticipated to be sleep-disruptive (i.e. a ‘threat’) may have induced
enough cognitive arousal to delay sleep onset to the extent found in this study. However, such
an effect did not occur in the Low FIRST group, suggesting that regardless of whether the
effect was mediated by an underlying physiological response to the caffeine or a cognitive
response to the ingestion of a pill, High FIRST individuals were more responsive. The
differentiation of a pharmacological from a psychological effect was not the question of the
present study. However, other studies consistent with the current results suggest that the
differential response is not likely due solely to a pharmacological effect [20,25]. Specifically,
the current work and previous studies showing that certain ‘vulnerable’ individuals respond
with sleep disturbance to the stress of a first-night effect, phase-shift challenges, and
pharmacological challenges provide convincing evidence that this is likely a generalizable trait
associated with vulnerability to multiple and distinct stressors. While we have demonstrated
the ability to predict this elevated sleep response, the mechanism(s) of this predisposition to
sleep disturbance remain unknown. Although our sample size was small relative to most
clinical trials in insomnia, the sample was clearly defined and such reductions in power would
only serve to reduce the ability to detect an effect if one was present. This reduction of power
may account for the absence of an effect with regard to sleep efficiency, as the effect was in
the expected direction. Ongoing personal or work-related stress was not assessed in the present
study and should be considered in future research. Finally, as only one dose of caffeine was
used, we had no ability to determine any potential dose interaction with vulnerability. This
issue may have important implications in terms of environment-patient interactions such as an
individual’s response to varying degrees of stress.

The present results show that individuals who are highly reactive to sleep-disrupting stimuli
can be identified a priori in the absence of insomnia symptoms. These findings may also inform
our understanding of chronic insomnia. First, this study demonstrates that the vulnerability to
stress-related sleep disturbance seen in some individuals may also extend to pharmacological
reactivity. Specifically, these individuals may have an inherently high reactivity to many if not
all sleep-related challenges. This notion is supported by our previous work which showed that
High FIRST individuals have greater acute sleep disturbance during a first night in the
laboratory where cognitive awareness of the challenge was clearly apparent [20]. In another
previous study, which did include a placebo condition, results were similar in that vulnerable
individuals (albeit defined differently) were differentially more responsive to caffeine,
suggesting that at least part of the vulnerability to sleep disturbance may include a purely
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physiological component [25]. The comparatively larger effects on sleep seen in that study are
also consistent with this interpretation as the caffeine dose used was higher in the previous
study (400 mg). Further research on pre-morbid insomniacs will be needed to determine if
physiological hyper-reactivity is present prior to any signs of cognitive reactivity or if these
characteristics have a similar temporal evolution during the development of chronic insomnia.
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Fig. 1.
Mean ± SEM of latency to persistent sleep (LPS) in groups with low and high scores on the
Ford Insomnia Response to Stress Test (FIRST) during the No caffeine and caffeine night.
*P=0.04 vs. Low FIRST caffeine group.
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Table 1
Demographic variables

Variable Low FIRST group (n=11) High FIRST group (n=10)

Age 32.64±15.46 34.20±13.73
Gender 4F 6F
Daily caffeine 1.4±0.96 1.5±1.09
Alcohol consumption 0.39±0.46 0.37±0.40
HDRS 0.18±0.60 0.6±1.58
Habitual TIB 7.27±0.75 7.45±0.76
Sleep quality 3.27±0.47 3.0±0.0

There were no statistically significant between group differences in any of the variables (P>0.05); daily caffeine and alcohol consumption are shown in
‘cups’ and ‘drinks’ per day, respectively; HDRS, Hamilton depression rating scale score (including sleep items); TIB, time in bed assessed by questionnaire
referenced over the week prior to the study; sleep quality (Likert scale: 1 = not refreshing at all; 2 = somewhat, 3 = pretty refreshing, 4 = very refreshing).
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Table 2
Polysomnographic (PSG) sleep data of individuals with high and low scores on the Ford insomnia response to stress
test (FIRST) during each experimental night

PSG variable Control night Caffeine night

Low FIRST High FIRST Low FIRST High FIRST

LPS (min) 17.5±14.3 18.2±18.8 24.5±26.8 64.5±57.6*
SE % 88.1±10.5 87.6±6.0 79.5±18.2 74.3±19.7
Stage 1% 9.6±11.1 7.9±4.1 9.6±7.0 10.9±7.5
Stage 2% 49.5±7.0 51.4±5.5 50.5±8.5 52.5±6.0
Stage 3–4% 19.9±10.4 19.6±8.8 20.8±13.0 15.6±8.7
REM % 21.0±5.1 21.0±3.3 19.1±5.9 21.0±5.1

*
P<0.05 interaction and vs. control night. Data are presented as means ± SD; LPS, latency to persistent sleep (i.e. first 20 continuous epochs of sleep);

REM, rapid eye movement; SE, sleep efficiency.
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