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Abstract

Objectives—To determine whether healthy aging is associated with increased sleepiness, and
whether healthy older adults experience more sleepiness when acutely sleep deprived.

Design—A 5-day inpatient circadian rhythm-sleep study consisting of 3 baseline nights,
followed by an extended 26-hour wake episode in constant conditions.

Setting—Intensive Physiological Monitoring Unit, General Clinical Research Center, Brigham
and Women’s Hospital.
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Participants—37 healthy participants without medical, psychological, and sleep disorders: 26
young (7 women, 19 men; mean age 21.9 + 3.3 years, range 18-29) and 11 “young-old” adults (3
women, 8 men; mean age 68.1 + 3.6 years, range 65-76).

Intervention—An extended 26-hour wake episode in constant conditions.

Measurements—Electro-encephalographic-verified wakefulness, slow eye movements,
sustained attention, subjective sleepiness.

Results—Across the first 16 hours corresponding to the usual waking day, both groups rated
themselves as alert, had similar levels of vigilance, and little evidence of sleepiness. As the wake
episode continued, the older subjects were less impaired, showing faster reaction times, fewer
performance lapses and attentional failures, and less frequent unintentional sleep episodes.

Conclusion—This small study suggests that excessive sleepiness is not normal in healthy
“young-old” adults. Symptoms of excessive sleepiness in this population, including reliance on
caffeine to maintain alertness, should be evaluated and treated. Further study is needed to
determine whether increased daytime sleepiness in middle-old (75-84 years) and old-old (85+)
adults is normal, or is instead associated with sleep restriction, undiagnosed sleep disorders,
medication side effects, mood disorders, and/or other medical disorders that disrupt sleep.
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INTRODUCTION/BACKGROUND

Healthy aging is associated with a decline in sleep quality and duration, including decreases
in sleep depth, as measured by arousal threshold; sleep intensity, as measured by
electroencephalographic (EEG) slow wave activity (SWA); sleep continuity, as measured by
awakenings during the night; and sleep duration (1). These age-related changes in sleep
occur even in the absence of clinically significant sleep disorders, such as sleep-disordered
breathing or periodic limb movement disorder.

Perhaps because of this deterioration of sleep quality and quantity, a similar deterioration in
waking alertness and performance is often accepted as a parallel consequence of aging.
Given the restorative role attributed to EEG SWA during sleep, the age-related decline in
SWA might be expected to lead to an age-related decline in the quality of wakefulness.
While this is consistent with data from many survey studies that find increased levels of
daytime sleepiness among older adults (2-4), often such daytime sleepiness is associated
with chronic medical conditions, undiagnosed sleep disorders, and/or medication use (2;5;6).
Some reports have suggested that the response of some older people to acute sleep
deprivation can be comparable to or even better than that of younger adults. However, those
studies (7;8) excluded older adults unless their sleep quality was very high [higher than
typical for their age group (1)] or did not control for differences in sleep timing or duration
between young and older subjects (9).

To explore whether increased sleepiness and a decline in the ability to cope with sleep loss
are indeed consequences of aging, we conducted a study in which we compared both
subjective and objective measures of sleepiness, vigilance, and performance in healthy
“young-old” (range 65-76 years) and young (range 18-29 years) adults during a 26-hour
extended waking vigil.

J Am Geriatr Soc. Author manuscript; available in PMC 2011 June 24.
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Included were data from 37 participants who took part in 9-day inpatient circadian rhythm
studies in our laboratory (see Table 1). Hormonal data from ten of the older participants
were published in an unrelated report (10).

Subjects were not taking medications, reported no chronic medical problems, and were in
good medical and psychological health [determined by serum chemistry, complete blood
count, urinalysis, physical examination, electrocardiogram, chest radiograph (older subjects
only), psychological questionnaires, and interview with a clinical psychologist]. All were
without significant sleep complaint, and older subjects underwent an overnight sleep screen
to exclude those with clinically-significant sleep disorders. Only those who denied a recent
history of regular night work and transmeridian travel (>1 time zone) were included, and
each subject maintained a regular, self-selected sleep schedule (8 hours per night) for at least
a week prior to study.

Study Protocol

Data Analysi

Each study began with three baseline days, with 8 hours time in bed at night, scheduled at
each subject’s habitual times. Upon waking after the third night, subjects began a constant
routine (CR) procedure, during which they remained in bed and awake throughout their
usual waking day, followed by at least 10 additional hours.

Constant Routine (CR)—The CR consisted of a 26-hour vigil of monitored wakefulness
(11) during which subjects were restricted to semi-recumbent bed rest in constant dim light,
and were given hourly snacks to spread their caloric and fluid intake across day and night.

Throughout each CR, subjective alertness was assessed twice per hour with a Karolinska
Sleepiness Scale [KSS (12)], which required the subject to select a number spanning the
range from “very alert” [=1] to “very sleepy” [=9]; subjective estimates from this task
oscillate with circadian phase (13) and are sensitive to acute sleep deprivation (14).

Sustained attention was assessed every two hours using the Psychomotor Vigilance Task
[PVT (15)], a test of reaction time (RT) in which the subject is asked to maintain the fastest
possible RTs to a simple visual stimulus for 10 minutes, with a random inter-stimulus
interval (~100 trials per administration). Performance can be assessed in several ways,
including average RT and number of lapses of attention (defined as RT >500 milliseconds).
This test is sensitive to both circadian phase (13;16) and sleep loss (13;16;17), and does not
show long-lasting training effects.

Throughout the 26-hour vigil, the EEG and electrooculogram (EOG) were recorded
continuously (18). These data were used to monitor inadvertent sleep episodes and
attentional failures, defined by intrusions of slow rolling eye movements (SEM); SEM vary
with circadian phase and increase with acute sleep loss in young adults (13;18).

S

Baseline night sleep data were visually scored in 30-second epochs according to established
criteria (19), and sleep efficiency [the percentage of time between lights off and lights on
that the subject was in any stage of sleep], sleep depth [the total amount of time spent in
Stage 3 and Stage 4 sleep], and sleep continuity [the number of awakenings after sleep
onset, defined as any epoch or series of epochs during which the subject was awake for >15
seconds] were calculated for each subject and then compared between the two groups.

J Am Geriatr Soc. Author manuscript; available in PMC 2011 June 24.
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Each KSS rating was assigned an elapsed time with respect to scheduled wake time, an
hourly mean was calculated for each subject, and the hourly data were averaged across
subjects in the young and older groups. Summary data from each PVT included mean RT
and number of lapses of attention (RT >500 milliseconds). The PVT data were assigned an
elapsed time with respect to scheduled wake time and were then averaged across subjects in
the young and older groups. The RT data were not normally distributed and were
transformed (1/RT) for analysis. The lapse data were analyzed assuming a Poisson
distribution.

EEG/EOG data were unavailable for part or all of the 26-hour vigil for 7 of the young and 1
of the older subjects, and only data from subjects with a complete recording were included
in the EEG/EOG analysis. The EEG signals were visually scored in 30-second epochs for
inadvertent sleep (19), and then the EOG signals for all waking epochs were scored for
SEM. Each epoch of EEG/EOG data was assigned an elapsed time with respect to scheduled
wake time, and the data were then averaged across subjects per hour in the young and older
groups. These data were analyzed assuming a Poisson distribution, and were also converted
to a binary format (1=hourly bin with at least one SEM, 0=no eye movement) for further
analysis.

Statistical Methods

Data are presented as mean = SD unless otherwise noted. Sleep data from the baseline night
were compared between the older and young groups using two-sample Student t-test,
adjusting for unequal variances if necessary. Comparisons between age groups for the
pooled 16-hour data corresponding to the usual waking day were performed in the same
manner. Data from the 26-hour vigil were tested for normality using the Shapiro-Wilke test.
Analysis of wake-dependent changes across the 26-hour vigil, and overall group differences
across the 26-hour vigil, were performed with a general linear model with factors ‘elapsed
time awake’ and ‘age group’. KSS and PVT data were also analyzed using mixed model
analysis, because significant individual differences in response to sleep deprivation have
been reported in these types of data (20). In this model, both the intercept (mean level) and
the slope (change across time) were random effects between subjects. The probability for
having an accidental sleep episode during the 26-hour vigil was compared between the age
groups using survival analysis.

Ethical Approval

The studies were reviewed and approved by the Partners Human Research Committee, and
conformed to the principles outlined in the Declaration of Helsinki. Each participant gave
written informed consent prior to study.

RESULTS

Baseline Night Sleep Quality

The sleep efficiency of the older subjects was lower than that of the young subjects on the
night before the 26-hour vigil (see Table 1). Older subjects spent fewer minutes in the
deepest stages of nonREM sleep and had more awakenings during the night, although the
duration of awakenings did not differ between the groups (see Table 1).

Subjective Alertness

Across the 26-hour vigil, the older subjects rated themselves as more alert than the young
subjects on the KSS [4.16 = 1.37 vs. 5.69 £ 0.76, P < .01]. As the duration of waking was
extended into the usual nighttime hours, the self-ratings of both groups indicated they felt
progressively sleepier [estimate of increase in sleepiness rating per hour = 0.15 £ 0.03, P <.
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01; Figure 1A], and there were age group differences in subjective alertness [estimate of
group difference = 0.59 + 0.31, P = .06]. Mixed model analysis supported these results
[elapsed time: P <.01; age group: P < .04] with no significant interaction [elapsed time *
age group: P = .6], suggesting that sleepiness in both groups similarly increased across the
26 hours.

Sustained Attention

Average RT on the PVT was faster in the older subjects across the 26-hour vigil [362.02 +
232.81 milliseconds vs. 628.63 + 997.34 milliseconds, P < .01; see Figure 1B]. General
linear model analysis revealed that as waking was extended, RT slowed [estimate of
reduction in RT per hour = 23.09 + 121.95 milliseconds, P < .01; Figure 1B], and there was
an interaction between elapsed time and age group [estimate of interaction = 23.53 £ 97.08,
P < .01] suggesting that the slowing of RT with time awake differed between the age
groups. That analysis did not show age as a significant independent effect on RT [estimate
of group difference = 4.66 + 7.30, P =.12], likely due to the large individual variability in
the response to time awake. However, mixed model analysis, which takes into account
individual differences, indicated that there were significant effects of both elapsed time [P
<.01] and age group [P = .03] on RT, as well as a significant interaction [elapsed time * age
group: P <.01].

The slowing of RT as the vigil progressed was in part due to an increase in the number of
lapses of attention [estimate of increase in the number of lapses per hour =0.11 + 0.02, P <.
01; Figure 1C]. Overall, the older subjects had fewer lapses than the young subjects [6.18 £
9.33vs. 11.63 + 14.4, P < .01]. While general linear model analysis did not indicate a
difference between age groups in the number of lapses [estimated effect of age group = 0.49
+0.52, P = .35] nor a significant interaction between time awake and age [estimated
interaction effect = 0.01 + 0.02, P =.76], mixed model analysis indicated a significant effect
of elapsed time [P < .01] and a significant interaction between elapsed time and age [P <.
01].

Attentional Failures

There were few attentional failures (as indexed by SEM) in either age group across the first
16 hours awake, although the older subjects had even fewer than the young subjects [4.86 £
4.56 vs. 10.34 £ 15.36, P < .01]. As waking was extended, the number of attentional failures
in both groups increased, with the older subjects showing fewer attentional failures during
the 10 hours of extended wakefulness [10.75 + 13.25 vs. 30.43 £ 32.1, P <.01; Figure 1D].
General linear model analysis indicated an increase in attentional failures with elapsed time
[estimate of increase in the number of attentional failures per hour = 0.06 £ 0.02, P < .01],
with young subjects having more attentional failures overall [estimate of group difference =
0.82 + 0.33, P <.02], and no interaction between elapsed time and age [P = .82]. Analysis of
these data in binary format was consistent with this [estimate of effect of elapsed time = 0.07
+0.01, P < .01, estimate of group difference = 1.39 + 0.33, P < .01, estimate of interaction,
P =.36].

Inadvertent Sleep Episodes

None of the 10 older subjects had any epoch of EEG recording that met the criteria for sleep
(19) throughout the 26 hours, whereas 11 of the 19 young subjects (58%) for whom we had
complete recordings fell asleep (Log-Rank Test = 8.87, P <.01). Of those young subjects
who fell asleep, most slept for short durations (< 10 minutes total). While most of the
inadvertent sleep was Stage 1, the two participants with the greatest amount of sleep (21 and
26 minutes total) also had epochs of Stage 2.

J Am Geriatr Soc. Author manuscript; available in PMC 2011 June 24.
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DISCUSSION

We found that healthy young-old subjects were better able than younger subjects to maintain
alertness and performance and to sustain wakefulness during 26 hours of acute sleep
deprivation. Young adults were at greater risk of falling asleep, exhibited greater slowing in
their response times, and rated themselves as sleepier throughout the 26-hour vigil than did
the older participants. These findings challenge the conventional belief that older people are
sleepier than young adults (4;5;21), and demonstrate that healthy young-old people are less
likely to succumb to the adverse effects of sleep loss on sustained performance than are
younger adults. We found that during normal daytime hours the attention and subjective
alertness of these healthy older adults were not impaired when compared with that of the
young adults. As the duration of waking extended beyond the typical 16-hour day, the older
subjects were able to remain awake while more than half of the young adults were unable to
do so. During the nighttime hours the older participants rated themselves as more alert,
demonstrated faster reaction times, and had fewer attentional failures. This occurred despite
the fact that the sleep quality and quantity of the older subjects on the night before the acute
sleep deprivation was significantly worse compared with the young adults, as is typical of
even such healthy young-old individuals.

These data are consistent with aspects of prior reports comparing the response of young and
older adults to acute sleep deprivation or to chronic partial sleep deprivation. Bonnet & Rosa
(7) compared performance at night before and after two nights of sleep deprivation. They
found few differences in reaction time between young and older subjects on the first night of
sleep deprivation, but on the second night the older subjects were better able to maintain
their performance. However, in that study, older subjects had to have a sleep efficiency
above 85% to be included [better than average for older subjects (1)], and all subjects were
allowed to drink coffee each morning and to leave the laboratory for several hours following
the first night of sleep deprivation, potentially confounding the results. In a more recent
study (8), another group subjected young and older men to 40 hours of sleep deprivation and
assessed their performance on the Psychomotor Vigilance Task. They found that the older
subjects were better able to maintain their performance when sleep deprived, although their
older subjects had slower reaction times during daytime hours than their young subjects. In
that study, older subjects had to demonstrate sleep efficiency better than 80% and an apnea-
hypopnea index less than 5 in order to be included, making them non-representative of most
older adults (1;22). In another study that included 36 hours of sleep deprivation (23), young
subjects had significantly more inadvertent sleep episodes than older subjects, as we found
in our study. Our study measured all of these factors (subjective sleepiness, inadvertent
sleep, and reaction time) simultaneously, and monitored both young and older subjects when
they slept before the vigil as well as throughout the sleep deprivation. Furthermore, our
older subjects, while healthy and without significant sleep disorders, were not selected on
the basis of their baseline sleep guality, as was the case in some of the prior studies. Our
study conditions thus allowed for control of many of the factors that had confounded these
prior studies. Our conclusions are also consistent with data from several studies comparing
the response of young and older subjects to chronic partial sleep deprivation (24;25)

There are several mechanisms that could account for our finding that healthy young-old
adults exhibit greater endurance to acute sleep loss than do younger adults. The most
straightforward would be that sleep need declines with age and that slow wave activity,
sleep continuity, and sleep duration decline as a result of this decreased need for sleep. An
age-related reduction in the rate at which sleep need builds up during wakefulness could
then account for our results. An alternative hypothesis is that sleep ability, rather than sleep
need, changes with age. Animal data indicate that adenosine levels in the basal forebrain, a
putative marker of homeostatic sleep drive, increase with age (26), suggesting that sleep

J Am Geriatr Soc. Author manuscript; available in PMC 2011 June 24.
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pressure should be greater with age. If this is so, why did our older subjects show a reduced
sleep tendency? One explanation is that the ventrolateral preoptic nucleus (VLPO) of the
hypothalamus, which functions as a neurobiological switch to enable the transition from
wakefulness to sleep (27;28), exhibits an age-related decline in cell number in humans (29).
If a fixed number of VLPO cells must be activated to initiate the transition from wakefulness
into sleep, then an age-related decline in cell number could make that transition more
difficult even in the presence of an elevated sleep drive. In fact, partial lesions of the VLPO
reduce total sleep time and sleep consolidation in young animals whose sleep need has
presumably not been altered (30). Of course, both mechanisms could be operating, i.e.,
decreased sleep need and decreased ability to initiate and maintain sleep with advancing

age. Additional studies in mammalian models are needed to determine the exact mechanisms
underlying our findings, and studies in both healthy and “typical” older humans, including
middle-old and old-old individuals, in which other measures of performance and mental
functions are collected under conditions of acute and chronic sleep loss are also needed.

Regardless of the mechanism, our data are consistent with the observation that more than
half of sleep-related motor vehicle crashes happen in drivers under 30 years of age
compared with only 5% of such accidents in drivers over age 65 (31), and that younger
drivers are five times more likely to report dozing behind the wheel than older drivers (3).
Yet there is widespread acceptance of the notions that older people are sleepy and that
daytime sleepiness is a normal consequence of aging. Given that healthy older people are
not sleepier, why is this belief so widespread among the general public and many
physicians?

First, the sleep of even very healthy young-old adults (such as those in this study) is
disrupted when compared with the sleep of younger adults. When the sleep of young adults
is experimentally disrupted to mimic the sleep of a typical older adult (32), those young
adults become sleepier during the day. Many older adults, unlike the healthy participants in
our study, take medications or have medical conditions (arthritis and other chronic pain
conditions; chronic respiratory conditions; heartburn or reflux disease) that disrupt sleep,
leading to daytime sleepiness. Furthermore, many older individuals have undiagnosed sleep-
disordered breathing (22) which can disrupt sleep leading to daytime sleepiness. At present,
an estimated 80-90% of patients in the US with such sleep disorders are undiagnosed or
untreated (31).

Our findings highlight that sleepiness is not an inevitable consequence of aging, and suggest
instead that daytime sleepiness in older people may be a consequence of medical conditions,
medications, and undiagnosed sleep disorders associated with aging. Older adults presenting
to their physician with the symptoms of (i.e., falling asleep during the daytime) or a
complaint of daytime sleepiness should be diagnosed and treated for the underlying cause of
that sleepiness.
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Figure 1.

Subjective Sleepiness, Reaction Time, Lapses of Attention, and Attentional Failures Across
26 Hours of Wakefulness in Young and Young-Old Subjects. Group average (z SEM) data
are plotted with respect to time since scheduled awakening for the older (filled symbols) and
young (open symbols) subjects. Dashed box indicates time of usual sleep episode.
Subjective sleepiness ratings from the Karolinska Sleepiness Scale (KSS; scale range from
1=very alert to 9=very sleepy) are presented in Panel A.

Mean reaction time (RT, in milliseconds) from each 10-minute Psychomotor Vigilance Task
(PVT) are presented in Panel B. As indicated in the first 16 hours of data, “normal” mean
RT using this test in well-rested individuals is ~250 milliseconds and shows little variability
[17;18].

The total number of lapses of attention (reaction times >500 milliseconds) from each 10-
minute PVT are presented in Panel C. Well-rested individuals will typically have very few
(<5 per test administration) lapses of attention under these conditions [17;18].

Attentional failures, defined as intrusions of slow eye movements (SEM) from continuous
electro-oculographic recordings during EEG-verified wakefulness, were summed hourly and
are presented in Panel D. Well-rested individuals will typically have very few SEM under
these conditions [12;18].
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Demographic and Baseline Night Sleep Characteristics of Older and Young Subjects. Mean (+ SD).

Table 1

Older subjects

Young subjects Pvalue

Age 68.1+3.6
Gender 3 women, 8 men
Sleep efficiency (%) 82.0+6.6
Duration of slow wave sleep (Minutes)  10.13 +7.34
Awakenings (Number) 30.3+6.99
Awakenings (Duration, minutes) 242 +0.76

21.9+33

7 women, 19 men

93.6£3.5 <.01
17.25+6.95 <.02
454 +4.24 <.01
2.04 £ 2.67 .53
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Sleep efficiency in young adults is typically >90% under these laboratory conditions, while in healthy young-old adults it typically averages
between 75-85%, and is often even lower in many older adults or those taking medications, with medical conditions, or with undiagnosed sleep
disorders [1;2;9;22]. The amount of slow wave sleep in non-sleep-deprived young adults is typically about 15-25% of sleep time (~60-90 minutes
of an 8-hour sleep episode), and this declines with age such that young-old adults often average as little as 5% slow wave sleep (10-25 minutes of
an 8-hour sleep episode) [1;2;9]. The number of awakenings during sleep is typically quite low in young adults and increases with age [1], although
the exact number depends on the criteria used to define an awakening.
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