
114

Introduction 
Circadian biorhythms occur in many 

different organisms from prokaryotes to
higher mammals, and nearly all physio-
logical and behavioral processes in animals
possess daily variations that are controlled
by circadian timing.1 The sleep/wake cycle
in animals is the most obvious and easily
observable circadian biorhythm and is 
an indispensable function of a healthy
life. Chronic phase shifts in the biological
clock cause circadian disruption that can
lead to increased mortality,2 increased
risk for cancer,3 sleep disorders,4,5 and various other conditions
or diseases.6

Sleep physiology and activity/rest patterns have been widely
studied in humans and rodents to characterize the biology of
sleep. This has led to the current understanding that sleep is
not a passive resting state but a dynamic physiology that is
controlled by very active neurological processes. Sleep frequency
by phase also is dynamic, as it varies between species. Sleep
duration and timing relative to day or night also varies in an-
imals.7 Humans are typically monophasic sleepers, in that
sleep is consolidated into a single main block of time and
aligned with the dark phase of the day. In contrast, nearly all
other animals, including cats and dogs, are polyphasic sleepers
that experience multiple bouts of sleep or inactivity over the
course of a 24-hour period.  

The chronobiology of sleep has been well-documented in
humans and rodents over the past several decades, and most
recently the literature on chronobiology has been extensively
reviewed.8-14 In addition, multiple authors have discussed topics
relating to circadian rhythm sleep disorders.4,5,15,16 Yet, despite
the importance of sleep rhythms in sustaining health, and
compared to the extensive examination of sleep in people,
only an initial understanding of the chronobiology of sleep
exists in dogs17-20 and cats.21-24 These data provide an initial
characterization of circadian sleep/wake patterns, with very
little understanding of how it is influenced by aging.   

Growing evidence suggests that age-related changes in sleep
in people are linked to disruptions in mechanisms underlying

circadian rhythm generation.25-27 Circadian
rhythm disruption also is linked to cogni-
tive dysfunction. Thus, age-related sleep
changes tend to be exaggerated in demen-
tias, such as Alzheimer’s disease,28,29 and
can be manifested as either hyperactivity
or hypoactivity.30 In dogs, as in people,
declines in cognitive health can also be
manifested with advancing age.31 The 
relationship between behavioral activity
patterns and canine cognitive impairment,
as well as how age-related changes are in-
volved or related, have only been initially

explored in dogs.32 The present review examines the existing
literature concerning the circadian rhythms of “normal”
(non-narcolepsy models) sleep/wake and activity/rest cycles
in dogs, along with the related physiological aspects of sleep,
while also examining the effects of aging.

Circadian Pacemaker and Circadian Rhythm
Regulation

In mammals, circadian biorhythms can be endogenous, as
controlled by the circadian pacemaker (i.e., sleep/wake cycle),
or be a consequence of the animal alternating between sleep
and wakefulness (i.e., food-finding behavior).12 Endogenously
controlled circadian biorhythms in mammals originate from
the circadian pacemaker located in the suprachiasmatic nuclei
(SCN) of the hypothalamus.33 The SCN is entrained by light
or dark cues received as efferent nerve signals from nonvisual
photoreceptor cells present in the retina. In the dog, the
retinohypothalamic tract has been delineated, in which the
transmission of chemical signals occurs from retinal ganglionic
cells through the optic nerve to SCN in the medial hypothal-
amus, which is dorsal to the optic chiasm and ventral to the
paraventricular nucleus.34,35

Photo entrainment of the SCN increases the length of the
day-night cycle to be slightly more than 24 hours in length.14

Consequently, the circadian pacemaker acts as a biological
clock, which is intrinsically active and synchronized by the
prevailing photoperiod to facilitate the regulation of behavioral
and physiological responses of the animal to periods of
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wakefulness and rest. In this way, hormonal secretions, motor
activity and other bodily functions are regularly adjusted to
be in appropriate timing with a 24-hour period of light and
darkness, which contributes to maintaining a homeostatic
system. Although the circadian pacemaker is the primary
regulator of the sleep/wake cycle, activity during wakefulness
and rest during periods of sleep can be influenced by many
other factors including environmental light, temperature,
other animals, hunger, and age.

Modulation of Melatonin Through the SCN
One of the ways that the SCN regulates circadian physio-

logical processes is through conveying the photoperiodic sig-
naling that is received from the retina to the pineal gland for
the nocturnal release of melatonin. Melatonin is the chemical
messenger to the rest of the body concerning information re-
garding night length.36 The neural tract that connects the
photosignal to the pineal gland for melatonin synthesis and
secretory activity is described in detail by others, and has
been demonstrated to be a function of noradrenaline release
from postganglionic sympathetic nerves that terminate at the
pineal gland.37,38

It is well-established that blood melatonin levels oscillate
with a circadian pattern in mammals, in which peak levels
occur during the night phase.36-39 Several studies in dogs have
demonstrated that serum35,40,41 and cerebrospinal fluid (CSF)34

melatonin levels exhibit a circadian rhythm with a nighttime
rise, with peak nighttime concentrations in jugular blood
ranging from approximately 6 to 25 pg/mL.35-41 This nighttime
rise conveys light/dark photoperiodicity to the rest of the body
to synchronize the circadian clock. However, the nighttime rise
is dependent on continued darkness, as light exposure after
dark disturbs the melatonin rhythm by inhibiting synthesis
and release in addition to causing chronodisruption.42

In humans, the nocturnal rise is associated with an increased
sleep propensity by enhancing the amplitude of the circadian
clock oscillations via the melatonin receptor, MT1, in the SCN.43

However, in nocturnal mammals like rodents, the nighttime
rise in melatonin is associated with increasing locomotor activ-
ity and wakefulness.44 Therefore, the role of melatonin in reg-
ulating sleep/wake cycle is not a function of inducing sleep,
but reinforces melatonin’s role as an endogenous zeitgeber
(“time-giver” or synchronizer) and modulator of circadian bio-
rhythms. In this way, sleep/wake cycles and circadian behavioral
patterns (i.e., activity, rest) are appropriately synchronized with
the day/night cycle. A great deal of research has been conducted
on melatonin’s role in regulating circadian rhythms, as recently
reviewed by others.10,43,46

Sleep Physiology and Sleep-Wake Patterns in Dogs
Sleep physiology has been researched extensively in people

and a variety of animals. Consequently, normal sleep patterns,

along with rapid eye movement (REM) and non-REM (NREM),
also called slow wave sleep (SWS), sleep states have been
well-defined. Regardless of species, all the different mammals
studied experience both REM and SWS sleep. SWS is further
defined as stages 1 through 4 with distinctions based on various
patterns of brain activity, as determined by electroencepha log -
raphy (EEG).9,10

SWS stages and REM sleep are best determined and studied
by polysomnography, which allows for the simultaneous
measurement of three physiological variables: central nervous
activity of the brain (EEG); movement of the eye (electro-
oculography [EOG]); and/or skeletal muscle tissue for muscle
tone (electromyography [EMG]). Polysomnography (PSG) 
is considered the “gold standard” in determining sleep/wake
status.  

Domesticated dogs possess a clear diurnal activity pat-
tern17,20,32,47 and have sleep-wake cycles comparable to human
sleep. The similarity is reflected in the dog’s ability to transition
between the different sleep states of REM and SWS sleep.17-20,47-49

Sleep state transition has been observed using the polysom -
nography methodology, and the large amount of electrogram
data is summarized to generate a hypnogram that outlines
the transitioning between wakefulness and the various sleep
stages. A schematic representation of a healthy dog hypnogram,
and one from a narcoleptic dog, is provided to illustrate daytime
sleep stages and the obvious differences in daytime sleep/wake
patterns associated with narcolepsy (Figure 1).

The relative proportions of different sleep and wake states
observed in dogs, as determined over a 24- or 48-hour period,
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Hypnograms of (a) a narcoleptic dog and (b) a healthy control
dog. Recordings were obtained from cortical electroencephalog-
raphy (EEG) and neck muscle electromyography (EMG) monitor-
ing.65 Sleep was scored on the basis of EEG and EMG signals,
and each 30-second epoch was classified as awake, drowsy
(stage 1 SWS), light sleep (stage 2 SWS), deep sleep (stages
3+4 SWS), or rapid eye movement (REM) sleep (or cataplexy for
the narcoleptic dog).66 Used with permission from Veterinary
Record. Tonokura, et al. 2007;161:375-380. 
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are generally similar across multiple studies (Table 1). These
studies revealed that dogs spent between 42 and 54% of a
24-hour period in the waking state, approximately 17 to 21%
in stage 1 (“drowsy” state) and 2 SWS (light SWS), 15 to 28%
in stage 3 and 4 SWS (deep SWS), and 11 to 13.5% in REM
sleep. These studies also calculated REM sleep cycles and du-
ration, which were relatively consistent across studies and
demonstrated that dogs have a polycyclic sleep/wake cycle in
which they frequently transition in and out of sleep multiple
times through the night. 

Lucas and co-workers (1977) observed that dogs experience
REM sleep approximately two times for every sleep cycle last-
ing about 83 minutes. Several studies also provide evidence
that the NREM-REM cycle is relatively short, ranging from
15 to 30 minutes compared to humans who typically have
NREM-REM cycles that predictably last 90 to 120 minutes.8,50

Transition into REM sleep for dogs was often preceded by a
brief episode of deep SWS. Then REM sleep was followed by
awakening or a “drowsy” state (stage 1 SWS), which led to
the dogs sleeping again.17,19

In addition to dogs having a shorter NREM-REM cycle,
the proportion of wakefulness experienced during the sleep
cycle is 8 to 10 times greater than humans, who experience
less than 5% of the sleep cycle in wakefulness.51 Lucas and
co-workers (1977) also compared their dog findings to sleep-
wake observations in the cat23 and noted that dogs experience
more frequent interruptions of alert and drowsy states within
a sleep cycle compared to cats, especially during the 10-minute
interval preceding REM onset. These researchers hypothesized
that this frequent waking behavior may be part of an innate
behavioral mechanism to periodically scan the environment
possibly relating to self-protection and/or feeding.

Day-Night Locomotor Activity in Dogs to 
Assess Activity/Rest Cycles

Recording and evaluating locomotor activity in dogs has
been one way of assessing day/night behavioral patterns. Activ-
ity pattern alignment in animals defines the classification of

nocturnal or diurnal, and activity rhythm is largely influenced
by feeding or seeking food, but many factors are involved.
These can include temperature, environment, breeding, pre-
dation, season, presence of other animals, and/or other factors.
In dogs, the alignment of sleep time with a diurnal or nocturnal
behavior pattern differs between kennel/home-living pets and
wild/feral canids. Dogs living in a kennel or home-based en-
vironment consistently possess a diurnal sleep pattern in which
most activity occurs during the daytime and aligns with the
pet owner’s routine.32,47,52,53,55,56 In contrast to domesticated
dogs, wolves and foxes were observed to generally sleep more
during the daytime hours and have increased activity at night.
In addition, feral dogs exhibit a similar increase in nighttime
activity.54

PSG wakefulness of dogs predominates during the light
phase of a light/dark cycle, as wakefulness comprises 63 to
70% of the daytime readings20,47 compared to 40 to 42% during
the nighttime phase. Similarly, 60 to 75% of total locomotor
activity, as determined with the use of ambulatory activity
monitoring, occurred during the 12-hour daytime period.32,55,56

The time in which the highest level of activity occurred during
the daylight phase can vary, as some studies observed the highest
level of locomotor activity during the first six hours of light,55,56

whereas others have noted activity was greatest at midday
(after 12 p.m.).32 These differences were likely influenced by
feeding frequency (twice55,56 daily versus once32 daily) and/or
time of feeding relative to light onset.

Sleep and Aging Data
With increasing age, humans develop chronic problems

associated with sleep, such as frequent nighttime waking, in-
creased incidence of early-morning awakenings, and increased
daytime naps.16,27 In general, there is awareness by dog owners
that activity declines with advancing age.57-59 However, declining
activity can be influenced by various age-related factors (i.e.,
loss of vision, arthritis, excess weight and/or others). Since
changes in locomotor activity and sleep/wake patterns have
been observed in people with advancing age, a more refined

Table 1. Summarization of studies that evaluated the percent (mean values) of recording time spent in 
different states of sleep or wakefulness.

Citations
18 17 47 19 20 49

Recording Timeframe 48 hours 24 hours 24 hours 24 hours 24 hours 12 hours1

Wakefulness 42.6 44 52.7 46.2 54.4 392

Light Sleep (Stage 1+2 SWS) 18.4 21 20.7 16.7 17.0
Deep Sleep (Stage 3+4 SWS) 28.0 23 14.4 23.6 15.6 422,3

REM Sleep 11.1 12 12.1 13.5 13.0 202

1Data from Takeuchi and Harada, 2002, was representative of recordings collected during the night phase; 2percent values are estimates
based on reading the data published in bar graphs; and 3data was published as total slow wave sleep. 
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characterization of rest/activity rhythms of different age dogs
would contribute to a more comprehensive understanding of
advancing age on behavioral activity in dogs.  

An initial study assessing day/night locomotor activity in
senior dogs compared to young dogs was conducted to de-
termine if activity/rest patterns were altered with age.32 They
observed that total activity differed with age, with senior dogs
exhibiting less activity compared to young, adult dogs. This
difference in activity was a result of reduced activity during
the day, as nighttime activity was not different with age. More
recent research has indicated that senior dogs (11 to 14 years)
demonstrate reduced activity during both daytime (51%) and
nighttime (55%) compared to young dogs (1.5 to 4.5 years).56

As in humans, changes in sleep/wake rhythms occur in the
dog with advancing age.49 PSG monitoring of very old dogs
(16 to 18 years) indicated a significant increase in the amount
of daytime SWS sleep and a significant decrease in the amount
of REM sleep during both the daytime and nighttime. These
researchers observed that the senior dogs exhibited fragmented
sleep over the course of light phase with no peak sleep time,
whereas peak sleep was observed in the young dogs from
12:00 to 16:00 hour (Figure 2). In addition, wakefulness
tended to increase during the night (42 versus 55 wake
bouts, young versus senior, respectively). Ultimately, these
observations were consistent with changes observed in older
people and changes in sleep/wake rhythms reported in nar-
coleptic dogs.60

Recently, age-related changes in actigraphy-generated sleep
variables have been observed in dogs by subjecting the activity
count data to a sleep/wake scoring threshold algorithm set to
80 counts/epoch.61 This study revealed that senior dogs (11

to 14 years) were estimated to sleep 75 more minutes during
the 12-hour light phase (Figure 3) and 31 more minutes dur-
ing the dark phase (Figure 4) compared to young adult dogs
(1.5 to 4.5 years). Further analysis revealed that the increase
in daytime sleep was from an increase in the number of day-
time nap bouts (40 versus 31) and not an increase in nap-bout
duration. In contrast to the PSG study, senior dogs did not
experience an increase in nighttime wake bouts. In fact, night-
time wake bouts quantitatively decreased with age (21 versus
17, young versus senior, respectively), which corresponds to
the increase in total nighttime sleep minutes. There are many
factors that can be contributing to the inconsistency between

Hypnograms of (a) young (3 to 4 years old) and (b) aged (16
to 18 years) dogs. Recordings were obtained from cortical elec-
troencephalography (EEG) and neck muscle electromyography
(EMG) monitoring.65 Sleep was scored on the basis of EEG and
EMG signals, and each 15-second epoch was classified as wake-
fulness (W), slow wave sleep (SWS), paradoxical sleep (PS or
REM sleep).47 Used with permission from Behavioral Brain Re-
search. Takeuchi, Harada. 2002;136:193-199. 
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Figure 4

Mean proportion of estimated wakefulness and sleep minutes
within the 12-hour dark phase (7 p.m. to 7 a.m.) from adult
Beagle dogs of different age groups. Activity monitors were
worn on collars to record data over five days to generate a daily
mean for each dog. Age groups were: early adult dogs (1.5 to 4.5
years of age, n=8), late adult dogs (7 to 9 years of age, n=8),
senior dogs (11 to14 years of age, n=7). Dark phase sleep time
marginally (p=0.06) increased by 31 minutes in senior dogs.   

Mean proportion of estimated wakefulness and sleep minutes
within the 12-hour light phase (7 a.m. to 7 p.m.) from adult
Beagle dogs of different age groups. Activity monitors were
worn on collars to record data over five days to generate a daily
mean for each dog. Age groups were: early adult dogs (1.5 to
4.5 years of age, n=8), late adult dogs (7 to 9 years of age, n=8),
senior dogs (11 to14 years of age, n=7).  Light phase sleep time
marginally (p=0.09) increased by 75 minutes in senior dogs.  
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these two studies, not the least of which could be the dogs used
in the studies, the different ages of the senior dogs, and also
the settings applied to analyze the actigraphy data. 

As mentioned previously, activity onset in senior dogs was
delayed 2 hours after lights on and 1.5 hours after activity onset
in young dogs.32 This observation that activity onset was sig-
nificantly delayed in senior dogs is contrary to the increased
incidence of early morning awakenings observed in humans.
In contrast, recent data from our lab indicates that dogs can
exhibit an earlier morning awakening, as initial activity was
calculated to occur approximately 30 minutes or 1 hour prior
to lights on, depending on the method of activity onset deter-
mination (unpublished data). However, the activity onset did
not differ with age. Siwak32 indicated that the initial bout of
activity was defined as the first duration of activity lasting at
least 30 minutes. It is possible that if the initial bout of activity
was of shorter duration, activity onset might be different. The
discrepancy between studies may also be related to feeding time,
as dogs monitored in our lab were fed twice daily at 8 a.m. and
8 p.m., whereas Siwak and coworkers (2003) had a once a
day feeding regimen.  

Activity Rhythms and Cognition
In addition to evaluating the day/night activity patterns of

senior dogs, Siwak and co-workers32,62 evaluated senior dogs
that were determined to be cognitively impaired, as determined
by neuropsychological testing that evaluated memory and ex-
ecutive function. Cognitively impaired individuals, like those
with Alzheimer’s disease (AD), have disrupted circadian rhythms
and experience significantly more daytime sleep and disrupted
nocturnal sleep.63 In the Siwak studies,32,62 the impaired senior
dogs exhibited more daytime activity compared to the unim-
paired senior dogs, and similar daytime activity to the young
dogs. The impaired dogs also experienced a delay in peak activity
compared to the other dogs, which the authors suggested was
similar to the phase delay observed in AD patients.30,64 Satlin
(1991) observed that some AD patients are referred to as
“pacers” because they exhibit a higher level of activity than
cognitively healthy individuals and AD patients that are
“non-pacers.” It will be interesting to determine if dogs diag-
nosed with severe canine cognitive dysfunction also tend to
exhibit either hyperactive or hypoactive behavioral patterns
relative to healthy aged dogs.

Summary
This review has compiled and described the rhythms of

sleep/wake cycles and activity/rest patterns in dogs, along with
some physiological aspects of circadian regulation. In doing
so, an attempt has been made to not only consolidate the ex-
isting canine literature on this topic, but also to indicate that
relatively little work has been conducted with dogs to examine
the use of actigraphy as a means of assessing sleep physiology.

The assessment of sleep/wake rhythms with actigraphy could
be an important tool in continuing to explore the physiology
of sleep or related circadian biorhythms, yet the methodology
still has limitations and more characterization is required.  

Clearly, the domesticated dog possesses diurnal behavioral
attributes and polyphasic sleep. The activity/rest patterns are
the most prominent rhythm in the dog and provide an indi-
cation of the animal’s biological clock. The physiological
characteristics of sleep in dogs are similar to those observed
in other species, particularly with respect to the SCN and cir-
cadian regulation by melatonin.

One feature of activity rhythms and physiological aspects
of sleep that is common between species is the influence of
age. The etiology of age-related changes in activity can be a
manifestation of many factors, and can be a problem for older
dogs as a significant reduction in physical activity can exacer-
bate the age-related decline in lean muscle tissue. People can
see firsthand that sleep patterns and aging impact the lives of
their pets in similar ways as it does themselves or others. How -
ever, it is not clear what interventions may provide support
for age-related changes in sleep patterns, particularly since this
issue has not been thoroughly resolved in human medicine.
Yet, further examination of healthy activity/rest patterns and
the corresponding effects of aging on sleep variables in dogs
may eventually be extended into the clinic by providing some
perspective of the aging process or cognitive status to the clini-
cian and the pet owner.
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