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Abstract: Introduction: Aging is typically associated with impairing behavioral patterns that are frequently and inap-
propriately seen as normal. Circadian rhythm changes and depressive disorders have been increasingly proposed 
as the two main overlapping and interpenetrating changes that take place in older age. This study aims to review 
the state of the art on the subject concerning epidemiology, pathophysiological mechanism, clinical findings and 
relevance, as well as available treatment options. Materials and Methods: A nonsystematic review of all English lan-
guage PubMed articles published between 1995 and December 2012 using the terms “circadian rhythms”, “mood 
disorders”, “depression”, “age”, “aging”, “elderly” and “sleep”. Discussion and conclusion: Sleep disorders, mainly 
insomnia, and depression have been demonstrated to be highly co-prevalent and mutually precipitating conditions 
in the elderly population. There is extensive research on the pathophysiological mechanisms through which age 
conditions circadian disruption, being the disruption of the Melatonin system one of the main changes. However, 
research linking clearly and unequivocally circadian disruption and mood disorders is still lacking. Nonetheless, 
there are consistently described molecular changes on shared genes and also several proposed pathophysiological 
models linking depression and sleep disruption, with clinical studies also suggesting a bi-directional relationship be-
tween these pathologies. In spite of this suggested relation, clinical evaluation of these conditions in elderly patients 
consistently reveals itself rather complicated due to the frequently co-existing co-morbidities, some of them having 
been demonstrated to alter sleep and mood patters. This is the case of strokes, forms of dementia such as Alzheim-
er and Parkinson, several neurodegenerative disorders, among others. Although there are to the present no specific 
treatment guidelines, available treatment options generally base themselves on the premise that depression and 
sleep disturbances share a bidirectional relationship and so, the adoption of measures that address specifically 
one of the conditions will reciprocally benefit the other. Treatment options range from Cognitive Behavioral Therapy, 
Chronotherapy, and Light therapy, to drugs such as Melatonin/Melatonin agonists, antidepressants and sedatives.
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Introduction

Aging is associated with a large variety of multi-
organic changes that altogether produce char-
acteristic behavioral patterns that are typically 
associated with old age and that are frequently 
and mistakenly viewed as a normal and predi-
cable aspect of ageing [1]. Two of these main 
changes concern the circadian rhythms (mainly 
the sleep-wake cycle) and mood disorders 
(manifested mostly by depression).

In spite of still not being a perfectly clear sub-
ject, the existing evidence interconnecting cir-

cadian rhythms and ageing suggests that the 
preeminent features of these circadian chang-
es are a phase-advancement of the sleep-wake 
cycle and reduced circadian amplitudes of hor-
mone secretion and core temperature [2].

These changes in sleep are less commonly 
viewed as naturally occurring during ageing pro-
cesses [1]. They can be secondary to other dis-
orders, such as psychiatric diseases [3]. These 
alterations are of primordial importance to 
elderly individuals, as manifested in 80% of 
American adults over 50 years old in a recent 
survey [1].

http://www.AJND.us
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Concerning mood changes, although disorders 
such as Major Depression are a significantly 
reported feature of ageing, other primary and 
secondary psychiatric disorders are likely so. 
Alzheimer’s and Parkinson’s are two of these 
disorders, whose role in the development of 
typical “old age behaviour” must be taken into 
account.

Reciprocally, mood and circadian rhythms have 
been shown to have a bidirectional relation and 
to share common features in epidemiology, 
clinical presentation, neurobiology and treat-
ment implications [4-6]. A conceptual model 
was recently created by Foley [6], describing 
relationships between age, sleep, mood and 
comorbidities and polymedication (Figure 1).

The sleep-wake cycle is only one of many cen-
trally controlled circadian systems. The rela-
tionship between these different systems has 
been discussed in many articles, and it is sug-
gested that many of them are regulated rather 
independently from the sleep-wake cycle, and 
thus are called sleep-independent mechanisms 
[7]. 

Age is associated with decreased electrical, 
hormonal and gene-expression activity of 
supra-chiasmatic nucleus (SCN) cells, which is 
thought to globally disrupt the body’s circadian 
activity. Reciprocally, circadian clock disruption 
has been shown to increase the ageing rate in 
mice.

Circadian clock malfunc-
tion has not only been 
shown to impair or modify 
sleep characteristics in ani-
mal models and hu- 
mans, but also to be a con-
tributory factor for mood 
disorders such as Major 
Depression, Bipolar Disor- 
der, and Seasonal Affective 
Disorder. Its influence on 
sleep is thought to be the 
way through which circadi-
an changes might influence 
memory formation and cog-
nitive function, which are 
sleep-dependent process-
es. Conversely, sleep dis-
ruption is a known risk fac-
tor for Mood disorders, 
mainly Major Depression.

Figure 1. Basic relationship Model of Mood disorders and Sleep (based on Foley 
et al [6] and in [7].

Co-morbidities such as neurodegenerative dis-
eases (ex. Alzheimer’s) have been repeatedly 
shown to disrupt the circadian clock and these 
internal time changes are possibly one of the 
primordial signs of the disease. Moreover, 
directly or indirectly, they also determine mood 
or sleep changes. Other comorbidities include 
cerebrovascular diseases, renal disease, noc-
turia, respiratory disorders, gastrointestinal 
disease, chronic pain and arthritis, neurological 
diseases, menopause and cardiovascular 
disease. 

Epidemiology

Among different psychiatric manifestations, 
depressive symptoms and Major Depressive 
Disorder are more prevalent in older adults 
(8-16% [8], and up to 4% [9, 10], respectively) 
and in patients with dementia (up to 18% [11, 
12] in Alzheimer’s disease). 

Circadian time-keeping abnormalities are char-
acteristic of the ageing process. In fact, epide-
miological studies have confirmed that more 
than 80% of adults with depression present 
with sleep changes [13], and that insomnia is 
the most common sleep complaint in older 
adults [4] and increases as a function of age 
[14].

Insomnia, defined as reported sleep difficulties 
by an individual, can be sub-classified as tran-
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sient (lasting less than a week), acute (more 
than a week and less than one month) or chron-
ic (>1 month of duration). The latter is the most 
clinically significant [5]. 

When asked about the presence of insomnia 
based on a vague definition - difficulty in falling 
asleep or staying asleep, or sleep that is non-
restorative - between 60 [15, 16] and 90% [17] 
of older adults complain of at least one of the 
referred symptoms. However, when considering 
a more strict definition, - chronic insomnia that 
causes distress or impairment - figures go down 
to approximately 12-20% [4]. Moreover, within 
those with insomnia at one point, 50-75% have 
persistent problems over the following 2 to 3 
years [18, 19]. 

Concerning the opposite spectrum in sleep dis-
orders, 6 to 29% of depressed patients com-
plain of hypersomnia [17] (Table 1).

Epidemiology (brief note on gender-related 
differences)

Sex-related differences in sleep patterns in 
older subjects have also been noted. Although 
the detailed description of these is not the aim 
of the present study, there are some interesting 
facts on this matter: apparently, aged women 
show significantly longer rapid eye movement 
(REM) latencies [25] and increased REM sleep 
periods [26], whereas women in general com-
plain more of sleep disorders than men [27, 
28], and insomnia was reported in 15% of 
women between 50 and 64 years old (25% is 
the prevalence in the age group ≥65 years). 

Another interesting fact is that menopausal 
women have significant sleep disturbances 

that might be a consequence of menopause, or 
just coincidence [29].

Studies regarding menopausal women clusters 
have reported troubled sleep, deficient sleep 
quality, difficulty falling asleep, frequent awak-
enings at night and early morning wakefulness 
[29, 30]. These complaints are associated with 
lower mood and depression. 

A significant decrease of nocturnal melatonin 
secretion in women aged 48-60 years [31] has 
been noted, which has been suggested as the 
cause of deterioration in sleep maintenance in 
elderly women [32]. This has been documented 
[33].

Results of another study with the same number 
of male and female participants showed a gen-
der-specific decline in melatonin secretion in 
women, but not in men. This highlights a cer-
tain relevance of gender differences when 
studying the relationship between melatonin 
and age-related disorders [32]. Since the prev-
alence of insomnia is almost twice as high in 
aged women rather than in men [27, 28], it is 
possible that decreased circulating melatonin 
levels might play an important role in age-asso-
ciated sleep disturbances in elderly women.

Vasomotor symptoms, reported in 68-85% of 
menopausal women and in 51-77% women 
with insomnia [29, 34], have been shown to 
contribute to sleep disturbances. The hypothe-
sis that melatonin might be a modulator of vas-
cular tone, especially in cerebrovascular circu-
lation, was raised with the identification of a 
specific melatonin receptor subtypes in vascu-
lar tissue [35]. Therefore, it is possible that 
lower estrogen and/or melatonin levels could 
modulate vascular reactivity and tone in meno-
pausal women.

Table 1. Risk factors for Insomnia and Depression
Insomnia Depression
Age (#1 risk factor) [3]
Gender Gender
Socioeconomic status Socioeconomic status
Chronic Comorbidities Chronic Comorbidities (Stroke; Dementia; Alzheimer’s; Cerebrovascular 

disease; Coronary disease; Cancer)
Previous history of Insomnia
Previous history of Depression [20, 21]
Depression [5, 21, 22] Insomnia (A recent meta-analysis evidenced a two-fold risk [23], 

whereas other studies evidenced a bidirectional relationship [20, 21])
Substance Abuse [24] Substance Abuse
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Mechanisms through which age causes circa-
dian disruption

As mentioned above, age leads to important 
circadian rhythm changes [3] that are thought 
to manifest themselves as rather characteristic 
behaviour patterns.

Nonetheless, although some of these changes 
are presumably age-associated, others are 
thought to be especially prevalent in older 
adults not only due to age itself, but also due to 
comorbidities, which are especially prevalent in 
this age group [1, 36]. This is the case of sleep 
wake cycle changes. In fact, when rigorous cri-
teria for exclusion of comorbidities are applied 
in healthy older adults, the prevalence of 
insomnia is verified to be very low [37].

Studies on the physiological and molecular 
mechanisms underlying the circadian rhythms 
disruption have yielded some interesting and 
rather consistent findings.

One of these disrupted mechanisms is the 
Melatonin system, in which five main changes 
have been noticed [38]. The first change refers 
to the consistent decrease of pineal function 
with age, in spite of age-related melatonin plas-
ma level changes having shown high inter-indi-
vidual variability. This can range from a relative-
ly well-maintained circadian rhythm with only a 
light reduction of nocturnal levels, to abolished 
circadian rhythmicity with day and night time 
melatonin levels approximately equal. In indi-
viduals with maintained circadian rhythmicity, it 
has been noticed that there is a consistent 
phase-advance of the nocturnal plasma mela-
tonin peak compared to young individuals. The 
second change concerns the light input path-
way. In fact, with age there is an unconscious 
reduction in photoreception due to pupillary 
miosis and impaired crystalline lens light trans-
mission (especially blue light) by melanopsin-
containing retinal ganglion cells. This is thought 
to lead to sleep problems and contribute to the 
development of affective disorders. Moreover, 
recent studies have confirmed a decreased 
sensitivity in aged subjects to phase-delaying 
evening light [39]. The third change takes place 
in the central nervous system, and consists of 
impaired pineal innervation/interconnection 
between the Suprachiasmatic Nucleus and the 
Pineal gland, due to age or generalized central 
nervous system (CNS) dysfunction. This im- 

paired connection can cause dysphased or flat-
tened melatonin rhythms, therefore, decreased 
secretion [3]. Fourthly, localized Pineal Dys- 
function (mainly pineal calcification) can reduce 
melatonin secretion by itself and can cause 
poor feedback on SCN [38]. Finally, SCN degen-
eration also takes place. The number of cells 
does not actually change, however, gene 
expression is dramatically changed [7].

Not only in the Melatonin system but also in 
other mechanisms other age-related changes 
occur that can disrupt the circadian system. 
These are: the degeneration of the peripheral 
oscillators (as opposed to a main degeneration 
of central circadian controllers (SCN)) - idiosyn-
cratic peripheral circadian rhythm desynchroni-
zation theory [40]; presence of multiple chronic 
diseases (chronic pain, chronic inflammatory 
diseases such as arthritis), which are associat-
ed with a greater risk of developing sleep prob-
lems [1, 6]; obesity and memory problems [6].

As many of the reported physiological changes 
seem to occur naturally with age, the effect of 
typical elderly co-morbidities has to be taken 
into account when considering circadian 
rhythms (mainly sleep) and social changes.

In fact, Alzheimer’s and other types of senility 
are associated with more [41] pronounced 
decreases in levels of melatonin than age-
matched controls, with many of these patients 
showing completely abolished melatonin circa-
dian rhythmicity. These changes are a result of 
tissue destruction in the SCN [38]. Age-related 
macular degeneration has been also associat-
ed with reduced melatonin secretion [38]. 
Cataracts may also decrease light exposure in 
the elderly [1]. Moreover, REM Sleep-Behaviour 
Disorder and Periodic Limb Movements during 
sleep, two conditions known to impair sleep 
quality, have been found to be significantly 
more prevalent in the elderly population [3].

Finally, light exposure theories have also been 
postulated when considering circadian chang-
es. These state that elderly people expose 
themselves less frequently to bright environ-
mental light (typically in the evening) and have 
an increased exposure to mid-morning light as 
a result of early awakenings [39]. Thus, there is 
a reduced exposure to light in the phase-delay-
ing light-sensitive periods of the circadian cycle, 
contributing to a phase advance in the elderly 
[39]. 
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Bi-directional mechanisms linking circadian 
disruption and mood disorders

Not only is age intrinsically related to circadian 
disruption, as circadian disruption itself is relat-
ed to mood changes/disorders. This interrela-
tionship is one of the most frequently observed 
difficulties when considering mood disorders in 
adults. A malfunction of the circadian system 
(ranging from changes in the melatoninergic 
system with secondary internal clock changes 
to primary circadian genetic/axonal paths alter-
ations) can lead to neurobiological dysfunction, 
which in turn can manifest as depressive symp-
toms. Alternatively, mood destabilization can 
determine loss rhythmicity of the circadian sys-
tem [13].

Linking mood regulation and circadian rhythms 
are some physiological and molecular mecha-
nisms. One of these is the phase-shift hypoth-
esis, in which mood disturbances are thought 
to result from phase advance or delay of cen-
tral pacemakers and their regulated circadian 
rhythms of cortisol, temperature, melatonin 
and REM sleep as well as other circadian 
rhythms (mainly the sleep-wake cycle) [17]. 
Observations in depressed patients revealed 
that not only endocrine secretions with a typi-
cal circadian pattern (such as cortisol, TSH, 
norepinephrine, melatonin) lose their circadian 
pattern [13, 17], but also the most evident cir-
cadian process of humans, sleep, also loses its 
circadian rhythmicity and structure (Table 2). In 
older subjects, the alteration of the rhythms of 
body temperature and of melatonin secretion 
have been reported to differ between sexes, 
with their amplitude reduced in older males, 
but not in older females [7].

Another possible physiopathological explana-
tion is the Internal Phase Coincidence Model. It 
considers that depression occurs when waking 

from sleep in a sensitive phase of the circadian 
period. This model has been superseded due 
to clinically observed incompatibilities. In fact, 
circadian distribution of REM sleep, secretion 
of cortisol and variation of core temperature 
across the circadian cycle have failed to dem-
onstrate a consistent circadian rhythmicity, 
and thus, a solution of the mismatch between 
the circadian cycles has not been found [17]. 

A third possible explanation model is the 
Shortened REM Sleep Latency hypothesis. It is 
based on the observation that suppression of 
REM sleep (for example, observed with sleep 
deprivation) was associated with mood im- 
provements. However, shortened REM latency 
is not specific for depression, neither is its’ sup-
pression necessary for mood improvement. It 
is thought that sleep deprivation has antide-
pressant effects due to the enhancement of 
the process of sleep, which enhances slow-
wave sleep that is reduced in depression. 
However, the normally prescribed and efficient 
antidepressants do not typically enhance slow-
wave sleep [17].

Social Rhythms hypothesis, on its turn, states 
that vulnerable individuals exhibit more severe 
circadian disturbances with social rhythm dis-
organization. Improvement of social zeitgebers 
improves outcomes [17].

Also linking mood changes and circadian rhyth-
micity is the observation that many of the core 
symptoms of Major Depressive disorder dem-
onstrate circadian rhythmicity, which is regu-
lated by the molecular clock in the SCN. This 
especially concerns diurnal mood variation, 
which reaches its lower point in the morning in 
the majority of patients with unipolar major 
depression [13, 17]. When compared to non-
depressed patients, such variations appear to 

Table 2. Comparison of Circadian disruption in Depression and Old Age. Based on [3, 13]
Aging Depression
Decrease in amplitude/normality of circadian markers:
    - Core body temperature
    - Melatonin
    - Cortisol

Decrease in amplitude of circadian markers:
    - Core body temperature (lower diurnal, higher nocturnal)
    - Melatonin (decrease of nocturnal secretion and 24 h mean concentration)
    - Cortisol (global hypersecretion and peak-like secretion during sleep)
    - TSH: higher diurnal, lower nocturnal
    - Noradrenaline (blunted circadian variations)

Phase-advance of circadian markers Phase advance of circadian markers (data refers to adults, who are not elderly)

Dysfunctional circadian rhythms (uncoupling from sleep-wake 
patterns)
TSH: thyroid-stimulating hormone.
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be related to inverted circadian rhythmicity 
activation of brain regions [17].

Moreover, some other observations yield addi-
tional hypothesis: the influence of light on 
humour is a possible contributing mechanism 
as overall lighting was demonstrated to be 
inversely correlated with depressed mood in 
older women [42]. On the other hand, sleep dis-
turbance activates autonomic and inflammato-
ry pathways, which in turn affect mood regula-
tion and lead to depression [43, 44].

Finally, based on the frequent association of 
sleep disturbances with mood disorders, chro-
nobiological molecular studies have been car-
ried out and revealed interesting data on the 
subject. In these, insomnia symptoms have 
been considered a predictor of depressive dis-
order [38]. These studies are supported by 
observations that changes in sleep architec-
ture occur prior to the recurrence of a depres-
sive episode [38]. In spite of such observations, 
the clear etiological relevance of circadian mal-
function is only evident in specific subtypes of 
mood disorders, which have a clear poor cou-
pling of circadian oscillators to external/inter-
nal rhythms. In fact, this is supported by obser-
vations that polymorphisms in core oscillator 
genes Per2, Cry2, Bmal1 (= Arntl) and Npas2 
were associated with Seasonal Affective 
Disorder (SAD) [38]. Moreover, Delayed Sleep 
Phase Syndrome was similarly associated with 
this disease [38]. Polymorphisms in melatonin-
ergic GPR50 gene have also been associated 
with SAD [38].

In a similar fashion, polymorphisms in core 
oscillator genes Per3, Cry2, Bmal1 (= Arntl), 
Bmal2 (= Arntl2), Clock, Dbp, Tim, CsnK1ε and 
NR1D1 were found in Bipolar Disorder [38]. 
Polymorphisms in Clock gene were associated 
with chronicity of Bipolar Disorder [17]. 
Polymorphisms in melatoninergic RORB and 
GPR50 genes have also been associated with 
bipolar disease [38].

When considering Major Depressive Disorder 
(MDD), the association of this disease with cir-
cadian rhythmicity is not as clear as in Bipolar 
Disease or SAD. Existing studies point out that 
polymorphisms in circadian genes Cry1 and 
Npas2 are associated with MDD [38]. Besides, 
AANAT melatoninergic gene alterations have 
been associated with Major Depressive disor-

der and recurrent depression [38]. Clock gene 
polymorphisms have been associated with 
recurrent MDD [17]. On the other hand, other 
studies conclude that there is no secure evi-
dence of the involvement of the circadian sys-
tem in the etiopathogenicity of MDD, suggest-
ing a faint photoperiodic hypothesis of de- 
pression [38].

Finally, circadian clock components have been 
found to regulate the activity of the enzyme 
IMAO-A, and consequently, mood [45].

Besides molecular ethiopathogenic models, 
Psychosocial and Iatrogenic hypotheses have 
also emerged. In fact, the first one considers 
that sleep issues lead to poor quality of life in 
older adults, thus, increasing the risk of late-life 
depression [8, 43, 44]. The latter, in its turn, 
states that older adults take multiple medica-
tions for their underlying chronic medical or 
psychiatric conditions that can disrupt sleep 
[1]. These medications include beta-blockers, 
bronchodilators, corticosteroids, diuretics, de- 
congestants and many other cardiovascular, 
neurological, psychiatric and gastrointestinal 
medications (Table 2). 

Existing evidence & clinical findings

Considering the many existing studies appro- 
aching the theoretical etiological hypothesis, 
some studies in clinical environment have simi-
larly been carried out and yielded practical 
results. 

Age typically involves important changes in 
sleep structure (Table 3) [46]. Current evidence 
suggests that these sleep changes are not due 
to a shortening of the circadian period with age, 
which has been found to be similar in both 
elderly and young subjects [39]. Instead, what 
is observed is that there is a general advance 
of the circadian rhythms; the sleep-wake cycle 
is the rhythm with the most pronounced 
advance relative to the others [39]. Having an 
estimated prevalence of 1-7% in older adults, 
this advance is commonly referred to as 
Advanced Sleep Phase Disorder (ASPD) and is 
characterized by sleep-wake times earlier than 
desired/conventional for at least one week [1]. 
One must note, however, that this sleep 
advance must not be understood as a general 
circadian rhythm advance, if normal physiologi-
cal circadian rhythms such as body tempera-
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Table 3. Sleep changes in Ageing, Major Depression, and Elderly with Major Depression. Sources: [3, 
4, 13, 46, 51]
Ageing Depression (typical) Depressed Older patients [4]
Decreased total nocturnal sleep time ?

Delayed onset of sleep Delayed onset of sleep

Late Insomnia (Early to bed, early to rise - 
advanced circadian phase)

Terminal Insomnia (early morning awakening) Terminal Insomnia (early morning awakening) - 
prominent feature

Decreased percentage of Stages 3 and 4 
of NREM sleep (slow wave sleep or delta 
wave sleep)
Increased percentage of Stages 1 and 2 of 
NREM sleep

Decreased percentage of slow wave sleep (Delta 
wave sleep - Stages 3 and 4 of NREM Sleep)

Decreased percentage of slow wave sleep (Delta 
wave sleep - Stages 3 and 4 of NREM Sleep)

Increased percentage of Stage 1 NREM sleep

Decreased percentage of REM sleep Increased phasic REM Density

Decreased REM latency (proposed as a good 
non-specific biomarker of mood disorders) [17]

Decreased REM latency

Reduced threshold for arousal from sleep 
(decline is progressive with age)

?

Fragmented sleep with multiple arousals Fragmented sleep with multiple arousals

Excessive daytime sleepiness Possible daytime napping
NREM: Non-rapid eye movement.

ture have been observed in aged individuals 
[47, 48]. This sleep cycle advance exposes the 
elderly to light in the early morning, which by 
itself potentiates this cycle by advancing the 
sleep-wake cycle even more [39].

Another prevalent circadian rhythm sleep disor-
der in older adults (especially in those with 
dementia) is Irregular Sleep-Wake Disorder 
(ISWD), which is characterized by the lack of a 
clearly identifiable circadian pattern of consoli-
dated sleep and wake times [1]. Although there 
is a normal total amount of sleep, sleep itself is 
dispersed in 3 or more periods of variable 
length throughout the day. Erratic napping and 
fragmented night sleep are often prominent 
features of this disorder.

Depression is also associated with sleep 
changes (Table 3), being Insomnia the most fre-
quent sleep disturbance in depressed patients 
[5, 49]. Insomnia and depression have been 
related mainly in terms of the first raising risk 
for developing the second. A meta-analysis on 
longitudinal studies showed that non-depre- 
ssed people with insomnia have a twofold risk 
of developing depression, when comparing to 
people with no sleep disturbances [50]. 
Moreover, the aging process doesn’t seem to 
influence the effect of insomnia in predicting 
subsequent depression [50]. However, recent 
studies showed that there is a bidirectional 
relationship in which each can predict the onset 
of the other [20, 21]. Since aging and depres-

sion share common clinical presentations, it is 
rather difficult to distinguish what patterns are 
specific to each individual pathology, and what 
clinical picture emerges when both overlap 
(Table 3). 

Sleep disturbances in Major Depression often 
linger and their presence can represent a resid-
ual phase of the depressive disorder [5, 52]. 
Conversely, they can also present as a precur-
sor of an inaugural major depressive disorder 
[53, 54]. Moreover, these sleep issues have 
been shown to be independent risk factors in 
the recurrence of depression in older adults 
with a prior history of depression (Figure 2) [5].

From the rather low number of studies carried 
out in the area of the relationship between 
sleep disturbances and depression, there are 
few objective tools to measure sleep distur-
bances in depressive or non-depressive set-
tings [49]. Indeed, most of them rely on self-
reported sleep disturbances [54] as opposed 
to objectively measured sleep alterations, such 
as with polysomnography or actigraphy [49]. 
The only study that objectively measures sleep 
disturbances discloses the disappearance of 
the statistically significant association between 
depression and objective sleep disturbances 
after adjustment for multiple potential con-
founders (which did not occur in the case of 
self-reported sleep disturbances) [49]. None- 
theless, most studies evaluated sleep quality 
with the Pittsburgh Sleep Quality Index (PSQI), 



Aging, circadian rhythms and depressive disorders

235 Am J Neurodegener Dis 2013;2(4):228-246

which has a sensitivity over 90% and a specific-
ity over 85% [55].

In spite of such methodological differences, the 
inter-study results have revealed themselves to 
be rather concordant. In fact, sleep disturbanc-
es have been shown to be the strongest base-
line predictors of depression recurrence in 
older patients with a history of depression, 
when compared to risk factors such as depres-
sive symptoms, number and duration of the 
last depressive episodes, time since last 
depressive episode, antidepressant use, medi-
cal illness, age, gender, marital status and edu-
cation. Indeed, sleep disturbance comprise a 
nearly 5-fold augmentation of risk of depres-
sion recurrence in older patients [5].

bances

Both of these disorders have been indepen-
dently shown to have deleterious effects on the 
quality of life of the elderly population: loss of 
sleep and depression in older subjects are both 
associated with an increased risk of accidents, 
falls, poor health and all-cause mortality [52, 
55-60]. Studies evaluating depression and 
sleep disturbances together found that the 
presence of sleep anomalies in a depressive 
context (history of prior depression) was asso-
ciated with a decline in physical function and 
increased mortality in older adults [52]. Thus, 
there is an obvious decline in quality of life.

When considering the cognitive functions in the 
elderly, both sleep disturbance and depression 
are separately associated with neuropsycho-
logical deficits, even in healthy subjects [61]. 
Naismith et al [61] have studied sleep distur-
bance in older people with major depression, 
and hypothesized that late insomnia (versus 
early insomnia) might be independently and 
etiologically linked to poor neuropsychological 
performance, especially verbal fluency and 
memory. Thus, circadian disturbance is consid-
ered a possible biological marker for cognitive 

Figure 2. Existing evidence for the possible causal relation between sleep 
disturbances and Depressive disorders in Older Adults [4, 5, 13]. The figures 
evidences the established relationship between depression and sleep, based 
on broad age range studies, and not older people in particular (A) even after 
accounting for depression at baseline and in patients with previous history of 
depression; (B) in subjects with a prior history of depression, independently of 
other depressive symptoms, sociodemographic characteristics, chronic medi-
cal conditions and antidepressant medication use. (C) Predicting value propor-
tional to degree of depression (stronger with major depression than with non-
major). 

Other studies have found 
sleep disturbances predic-
tive of depression in older 
subjects [54], and others 
have quantified sleep dis-
turbance with a 57% risk of 
depression development in 
elderly subjects [56]. Con- 
versely, depressive symp-
toms and Major Depressive 
Disorder have been given 
odds of 2 and 3.7, respec-
tively, of concomitantly be- 
ing associated with poor 
sleep quality in older men. 
Cross-sectional studies al- 
so highlighted a graded ass- 
ociation between depres-
sive symptoms and sleep 
disturbances (subjectively 
measured poor sleep quali-
ty and excessive daytime 
sleepiness, and objectively 
measured prolonged sleep 
latency) [49].

Daily life impact of depres-
sion and sleep distur-

Table 4. Clinical associations of different types 
of Insomnia in older patients with depression 
(based on [61])
Early Insomnia Late Insomnia
Depression severity Depression severity
Poor global cognition Later age of depression onset

Poor verbal fluency
Poor memory
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decline in older adults, either alone [3] or along-
side depression [61] (Table 4).

In an iatrogenic perspective, impairment of 
sleep by psychotropic or sedative medication 
augments the risk of falls by approximately 
28-fold. Cognitive impairment, in its turn, does 
the same by 5-fold [3].

Circadian rhythms and dementia

As seen above, the loss of synchronization 
between the multiple internal and external 
oscillators is associated with poor neurobehav-
ioral performance, with the last one dependent 
on the correct function of the first [40]. Indeed, 
it has long been known that cognitive function 
is disturbed if there is a temporal misalignment 
between the sleep and clock-driven mecha-
nisms, as demonstrated by studies concerning 
jet lag, shift work, or simply sleep deprivation 
[62, 63]. Reciprocally, patients with dementia 
have been found to have disturbed sleep and 
circadian rhythms [64].

As age is associated with progressively dys-
functional circadian mechanisms, cognitive 
impairment has been being analyzed from a cir-
cadian consequential perspective. In fact, 
impairment of circadian activity rhythms has 
been found by Tranah et al [34] to be associat-
ed with an increased risk of developing demen-
tia or Mild Cognitive Impairment in cognitively-
healthy community-dwelling older women, 
independently of sleep efficiency and duration. 
The actigraphy findings of lower amplitude, less 
robust and time-delayed activity rhythms were 
consistently found to be associated with devel-
opment of Dementia or Mild cognitive 
Impairment. 

Circadian rhythms and neurodegenerative 
diseases

Not only does ageing of the circadian system 
result in further decline of mental performance, 
but it is also involved in specific age-associated 
neurodegenerative diseases such as Alzhei- 
mer’s disease, Parkinson’s disease and Hun- 
tington’s disease [65]. Clinical studies have 
revealed that even though each disease has its 
unique pathological signature, the disruption of 
sleep and circadian rhythms are common and 
early signs of them all. Abnormalities in the cir-
cadian clock and in sleep quality worsen as 
these diseases progress [65, 66].

Melatonin activity has been also linked to these 
diseases, as oxidative radicals have been 
shown to have an important role in the their 
pathogenesis [67, 68], and so Melatonin anti-
oxidant activity is presumed to be helpful. This 
is particularly important in Alzheimer’s and 
Parkinson’s, characterized by a high vulnerabil-
ity of the central nervous system to oxidative 
attack and neoplastic disease [69].

Additionally, many pathways involved in neuro-
degeneration - such as metabolism, reactive 
oxygen species (ROS) homeostasis and oxida-
tive stress response, DNA damage repair and, 
potentially, autophagy - are controlled by the 
circadian clock. Therefore, defects in circadian 
clock functions may have etiopathogenic roles 
in the diseases referred to above [7].

In spite of such potential pathogenic mecha-
nisms, many questions remain unanswered. 
Further investigations can potentially direct the 
treatment of disorders of the ageing/neurode-
generative conditions, through the restoration 
of circadian clock functions [7].

Circadian rhythms and Alzheimer

This increasingly prevalent disease is being 
increasingly studied from a circadian perspec-
tive. Patients with Alzheimer’s Disease have 
been described as having radical sleep archi-
tectural alterations [70, 71]. In fact, serious dis-
ruption in sleep-wake rhythmicity occurs soon 
after the onset of Alzheimer’s, and other find-
ings such as decreased sleep efficiency, 
increased arousal and awakening frequency 
and a reduction in total sleep time can also be 
found [3]. Moreover, Alzheimer’s patients can 
also exhibit circadian disturbances such as 
reduced amplitudes and phase delay of circa-
dian variation in core body temperature and 
activity [70, 72-74]. As a consequence of such 
circadian changes, patients show increases in 
cognitive decline/dementia [34, 75-77], num-
ber of daytime naps, nocturnal insomnia, wan-
dering, disorientation and confusion [78].

Underlying these clinical manifestations are cir-
cadian clock changes, as already stated. In 
fact, the considerable impairment of the bio-
logical SCN clock in Alzheimer patients, result-
ing in lower vasopressin expression, might 
underlie the extremely disturbed sleep-wake 
rhythms that these patients often show [79, 
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80]. Moreover, it has been observed that these 
subjects show a severe reduction in circulating 
melatonin levels [38, 81-85] as well as consid-
erable irregularity of its secretion [86], which 
are believed to be related to the severity of 
mental impairment [85].

Considering the stated melatonin anti-oxidant 
effects and its altered biorhythmicity, one 
might presume that it could be beneficial in 
Alzheimer’s patients [38]. Although there are 
positive results in experimental animal and in 
vitro models [87, 88], no substantial benefits 
have been recorded in humans after a late 
onset of treatment [89], which is a relevant fact 
regarding human therapy, as Alzheimer’s is 
usually diagnosed relatively late in life. 
Accordingly, delay of the disease progression or 
life extension cannot be expected from melato-
nin treatment [38]. Still, it remains to be clari-
fied whether new ionophore therapies might be 
successful, in which case melatonin could 
become a valuable adjunctive therapy to 
improve chronobiological and sleep parame-
ters [38].

Even though some doubts remain concerning 
the benefits of melatonin treatment in prevent-
ing or delaying disease initiation and progres-
sion, there are some very well-documented 
beneficial effects regarding Alzheimer’s-
associated sleep disorders, behavioral chang-
es, and cognitive impairments [79, 90-92]. This 
is particularly true for sundowning agitation, 
defined as the appearance or exacerbation of 
symptoms indicating confusion, increased 
arousal or impairment in the late afternoon, 
evening or at night, among elderly demented 
individuals [90, 91, 93-98]. Moreover, it reduc-
es neurotoxicity of the ß-amyloid [99-101].

In spite of such results, it is clear that there are 
still many dissonant results, which may be due 
to high inter-individual variability among 
Alzheimer’s patients. The largest clinical trial 
[102] has not revealed statistically significant 
differences in objective measures of sleep 
after melatonin treatment [38].

Circadian rhythms and Parkinson

In this equally important neurodegenerative 
disease, between 60% and 90% of patients 
have sleep disturbances, which are correlated 
to increasing severity of the disease. The earli-

est and more commonly reported manifesta-
tions are difficulty initiating and maintaining 
sleep [3]. Other abnormalities are fragmented 
sleep with an increased number of arousals 
and awakenings and Parkinson-specific motor 
phenomena such as nocturnal immobility, rest 
tremor, eye blinking and dyskinesias [103-106]. 
Additionally, Parkinson patients have been 
reported to experience significant excessive 
daytime somnolence [3, 107].

Sleep fragmentation in Parkinson Disease may 
be due to increased skeletal muscle activity, 
disturbed breathing, and REM-to-NREM varia-
tions of the dopaminergic receptor sensitivity 
[104]. The presupposed underlying mecha-
nisms of these sleep disruptions might be an 
alteration of dopaminergic, noradrenergic, 
serotoninergic and cholinergic neurons in brain-
stem [108]. Rapid eye-movement behaviour 
disorder (RBD) is very common in Parkinson 
patients [109-112] and may also precede the 
onset of Parkinson’s. Patients with Parkinson 
Disease who have posture reflex abnormalities 
and autonomic impairment are at an increased 
risk for sleep-related breathing disorders [105]. 
In fact, these patients have circadian rhythm 
abnormalities that might be related to meso-
corticolimbic dopaminergic abnormalities and 
mesostriatal system abnormalities [104]. 
Abnormalities of dopaminergic neurons in the 
ventral tegmentum area often lead to EEG 
desynchronization and abnormal sleep-wake 
schedule disorder [108]. Additional attempts to 
explain the sleep-wake disruption in Parkinson’s 
Disease have been linked to reduction in sero-
tonergic neurons of the dorsal raphe, noradren-
ergic neurons of the locus coeruleus, and cho-
linergic neurons of the pedunculopontine 
nucleus [104]. Moreover, deterioration of dopa-
mine-containing neurons caused by auto-oxi-
dation due to exposure to high levels of free 
radicals might be reduced by melatonin [113, 
114].

Compared to Alzheimer’s, there are more 
doubts in this disease regarding the usefulness 
of melatonin. The fact that investigation has 
been mainly focused on the later stages of the 
disease (nigrostriatal degeneration), the earlier 
and etiologic mechanisms have been somehow 
neglected, which has limited knowledge devel-
opment and therapeutic options on this matter 
[115-117].
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Although some investigators regard the dis-
ease as being based on a melatonin-dopamine 
imbalance (a “melatonin hyperplasia” disorder) 
and have reported that melatonin antagonists 
would be beneficial [118, 119], such conclu-
sions are not in agreement with the findings of 
reduced MT1 and MT2 expression in the stria-
tum and other brain regions such as the amyg-
dala [120], nor with the observation of non-
enhanced or decreased melatonin secretion 
[121-123]. Nevertheless, findings of the benefi-
cial effects of melatonin antagonist raise 
doubts concerning treatment with melatonin or 
its agonists [118].

Despite all these reservations, melatonin and 
its synthetic agonists have been considered for 
treatment of Parkinson’s associated sleep dis-
orders and depressive symptoms [122], with 
modest improvements of sleep having been 
demonstrated [38].

Treatment/prevention options

Prevention

Available literature yields scarce guidelines on 
this subject. Nonetheless, Hyong et al [5] pro-
posed a simple two step strategy to identify 
older adults at risk for depression relapse and 
recurrence: 1- History of depression is an 
established risk factor for late-life depression 
2- Among older subjects with a prior depression 
history, self-administration of PSQI could reveal 
the presence of sleep disturbances, a modifi-
able risk factor for depression recurrence [124, 
125].

Treatment

Given the bidirectional relationship between 
circadian rhythm disruption and mood disor-
ders, a possible approach to treating both 
pathologies consists in the adoption of mea-
sures that address the frequently manifested 
sleep disturbances present in old people. In 
fact, given that poor sleep is a risk factor for 
depression development, improving sleep qual-
ity will possibly improve the quality of life of 
depressed older adults [6, 17]. Reciprocally, 
therapies that address depression might have 
a directly beneficial impact on sleep complaints 
[17]. Thus, although treatments may be catego-
rized as sleep- or depression-directed, one 

must understand the two approaches as inter-
dependent and mutually empowering.

Although no specific treatment guidelines exist 
for sleep management in the elderly population 
with sleep disorders, the American Academy of 
Sleep Medicine has published proposed guide-
lines, especially for the advanced sleep chang-
es observed in the context of old age [126]. 
Moreover, Bloom et al [1] have published an 
evidence- and expert-based approach for sleep 
disorder in the older population.

The available sleep-directed treatments dis-
cussed here are the conventional treatment 
options (sleep hygiene recommendations and 
Cognitive Behavioral Therapy), Chronotherapy, 
Melatonin and Melatonin receptor agonists, 
and light therapy.

The first treatment option, sleep hygiene rec-
ommendations and Cognitive Behavioral 
Therapy, has been ambiguously recommended 
in the context of Age associated ASPD. Some 
authors consider it not generally useful. Some 
say that avoiding long evening naps may help to 
consolidate nocturnal sleep [126], whereas 
others advise that they are beneficial [1]. 
Nonetheless, in a non-ASPD context, there is 
reported efficacy of behavioral therapy and 
sleep hygiene [127], although little published 
evidence with an elderly population basis is 
available. Conventional treatments are recom-
mended for management of insomnia in older 
patients, and also for Irregular Sleep-Wake 
Disorder in the elderly [1]. Social Rhythm 
Therapy in a behavioral approach that targets 
normalization of circadian rhythmicity. Although 
only validated for the use in bipolar patients, 
some of its principles might be transposed in a 
tailored fashion for unipolar depression 
patients. However, more studies are necessary 
for such validation [17].

A second (but not secondary) treatment option 
is Chronotherapy, the therapeutic use of altera-
tions in an individual’s sleep-wake schedule. 
When based on 3-hour sleep advances every 2 
days it has been deemed efficient and with a 
5-month long maintainable efficiency, although 
it is not practical and very disruptive [1, 126]. 
Conversely, sleep delay, a more feasible option, 
can be prescribed to achieve the desired sleep 
period. An option is the delay of 1 to 3 hours 
every 2 days [40]. Sleep-restriction-sleep-
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compression, a therapy based on limiting time 
in bed to consolidate actual time sleeping, has 
been recommended by a panel of experts for 
the management of chronic insomnia in older 
people [1].

Chronotherapy has been reported by Naismith 
et al [61] to have beneficial effects in older 
sleep-disturbed patients with depressive disor-
der, as it can reverse neuropsychological 
dysfunction.

Thirdly, Melatonin has been proposed as a 
sleep-inducing/hypnotic drug in the aged popu-
lation [95]. However, no data or guidelines 
seem to exist for its use in the context of 
depression with associated sleep disorders. 
Early morning Melatonin administration along 
with minimization of morning light exposure is 
recommended, although there is no evidence 
of its efficacy [126]. Administration of melato-
nin (3 mg p.o.) for up to 6 months in insomnia 
patients concomitantly with hypnotic treatment 
(benzodiazepine) has been shown to increase 
sleep quality and length, and decrease sleep 
latency and the number of wakeful episodes in 
elderly women with insomnia, as well as signifi-
cant improvement of next-day function. 
Exogenous melatonin did not affect circulating 
levels of PRL, FSH, TSH or estradiol, nor were 
there any indications of hematological or blood 
biochemistry alterations in these women. This 
benzodiazepine potentiation effect of melato-
nin had been demonstrated in a previous study.

Moreover, melatonin can facilitate discontinua-
tion of benzodiazepine therapy while maintain-
ing satisfactory sleep quality. Some other stud-
ies showed a complete discontinuation of 
benzodiazepine treatment in patients taking 
them together with melatonin, whereas in other 
patients, the benzodiazepine dose could be 
reduced to 25-66% of the initial dose.

In a study of patients >65 years with major 
depressive disorder and sleep disturbances, it 
was noted that slow-release melatonin was 
more effective than a placebo in improving 
patients’ sleep. On subjective measures, care-
giver ratings of sleep quality showed significant 
improvement in the 2.5-mg sustained-release 
melatonin group compared with the placebo in 
Alzheimer’s patients [95]. 

In the context of Irregular Sleep-Wake Disorder, 
Melatonin has shown inconsistent and incon-
clusive results [1].

Another available treatment is Melatonin 
Receptor agonists, which have been receiving 
increasing attention. Agomelatine, a recent 
anti-depressant with a novel mechanism of 
action (agonism of MT-1 and MT-2 receptors, 
and antagonism of 5-HT2c receptors) is con-
ceptually very useful when there is a context of 
depressive disease associated with circadian 
disruption of sleep. It has shown very promising 
results in the young and middle-aged adult pop-
ulation, however, there is still very limited clini-
cal trial information concerning the elderly pop-
ulation. In fact, some have verified no effect of 
Agomelatine in sleep variables other than 
phase shifts of cortisol, temperature and TSH 
profiles [128]. Others have shown its efficacy 
and excellent tolerability profile in older adults 
[129]. In fact, a recent non-interventional study 
[130] has confirmed the anti-depressant and 
daytime functioning (circadian rhythm) improve-
ment effects of Agomelatine.

A recent randomized and double blind clinical 
trial reaffirmed the efficacy of Agomelatine (25-
50 mg for 8 weeks) in the elderly population 
with moderate or severe MDD, also with mini-
mal reported side effects [131].

In spite of such results, more interventional tri-
als in this specific age group will be necessary 
to ascertain Agomelatine usefulness, not only 
in depressive and sleep disturbance settings, 
but also in short-period general circadian mis-
alignment, as proposed by R. Leprout et al 
[128].

Last (but not least) is light therapy. Bearing in 
mind that in the elderly the circadian pacemak-
er remains responsive to light, bright light is 
proposed to manage age-derived circadian 
phase disturbances and related sleep disor-
ders. Blue light is supported by many studies 
for the treatment of advanced sleep-wake 
cycles (for example, in the context of ASPD) in 
elderly subjects, although admittedly with more 
modest effects than in young people [126]. In 
ASPD of Ageing, light is expected to correct the 
underlying phase advance of the circadian 
clock, but not to alleviate early morning insom-
nia due to defective sleep drive homeostatic 
mechanisms [126]. Bright light (2500 to 10000 
lux) should be administered for 1-2 hours in the 
evening (between 7:00 pm and 9:00 pm), the 
circadian delaying portion of the light phase 
response curve [1]. Conversely, in Irregular 
Sleep-Wake disorder of the elderly, light expo-
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In fact, sleep disturbances are a potentially 
modifiable risk factor [56]. In spite of having 
documented beneficial effects on sleep, anti-
depressant medication has been shown not to 
be protective considering the risk of sleep dis-
turbance on depression recurrence [5]. 
Hypnotic medication usage in older adults is 
particularly risky, entailing increased risk of 
falls and cognitive impairment. Besides, some 
studies document its inefficiency in preventing 
depression recurrence and improvement of 
sleep quality in older adults [5].

On the other hand, Non-pharmacological 
behavioral interventions are a secure treat-
ment for insomnia in older adults and have 
been shown to be effective. Cognitive behav-
ioral therapy [58, 125, 132, 133] and Tai Chi 
have been found to improve sleep quality in 
older adults [124].

Finally, physical exercise, based on the hypoth-
esis of idiosyncratic peripheral circadian 
rhythm desynchronization, has been proposed 
as a potential resynchronizing activity in older 
adults [40]. This beneficial effect of exercise on 
circadian rhythms in older adults has been 
restated by many other studies [132, 133], 
although recommendations are merely evi-
dence-based [1]. In fact, older adults undertak-
ing prolonged exercise regimens report fewer 
sleep problems.

Prognosis

Few studies with an elderly population approach 
prognosis in these patients. Therefore, it is 
mostly inferred based on non-elderly-based- 
studies.

It is known that poor sleep leads one to predict 
a poor response to non-pharmacological treat-
ments of depression and it is also associated 
with increased risk of suicide. Conversely, bet-
ter sleep quality post-treatment is associated 
with lower recurrence [17].

Concerning polysomnographic findings, the 
persistence of REM sleep abnormalities is 
associated with a lack of response to depres-
sion treatment and recurrence of depression. 
The same statement is valid for post-psycho-
therapy treatment for depression [17].

Conclusion

Although there are many studies independently 
addressing old age chronobiology, mood disor-

sure should be sought throughout the day 
except in the evening. Morning bright light 
(2500-5000 lux) for 2 hours during 4 weeks 
was found beneficial in subjects with dementia 
and ISWD [1].

A double-blind placebo-controlled randomized 
trial in elderly patients with MDD receiving no 
other concomitant treatment [41] revealed that 
7500 Lux for 1 hour during the early morning 
every day for 3 weeks improved mood, sleep 
efficiency and melatonin circadian secretion 
amplitude in a fashion comparable to antide-
pressants. It also yielded continuing mood 
improvement and attenuation of cortisol hyper-
secretion after discontinuation of treatment.

Conversely, addressing depression in older 
adults might reciprocally improve sleep quality. 
In many cases there may be no need for spe-
cific sleep therapies if depression is addressed 
successfully [4]. Some strategies include: (1) 
Standard anti-depressant agents and psycho-
therapy: have been reported to improve sleep 
(references of studies involving old people); (2) 
Sedating antidepressants: Nefazodone, Mirta- 
zapine or sedating tricyclic antidepressants 
might be both useful and dangerous. (3) 
Standard antidepressant and benzodiazepine 
receptor agonist: this concomitant treatment 
does not delay the anti-depressant response 
and may facilitate adherence in older adults [4]. 
Selection of short-action benzodiazepines 
(such as zolpidem and zaleplom) is usually 
more appropriate in older patients [4]. (4) 
Standard antidepressant and Trazodone, 
although with a less studied profile in the elder-
ly population, may be beneficial. A low dose of 
trazodone as well as a standard antidepressant 
has been reported to be beneficial in the treat-
ment of insomnia [127]; (5) Agomelatine: 
referred to above; (6) Chronotherapies: light 
therapy in seasonal and non-seasonal depres-
sion has shown moderate effects when directly 
addressing the treatment of these disorders. It 
can be used as an adjuvant to other therapies 
or alone (during pregnancy, intolerance to pre-
scription pharmaceuticals, drug-resistant de- 
pression). It can also be combined with melato-
nin if carefully titrated [17].

Concerning specific interventions tested in the 
context of depression and old age, interven-
tions that target sleep disturbances, mainly 
insomnia, have the potential to prevent depres-
sion recurrence and relapse in older adults [5]. 
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ing both old age and mood disorders is rather 
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taken in this field.
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