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Poremećaji spavanja su učestali rani simptom Alzheimerove bolesti (AB) i vodeći uzrok smanjene kvalitete života 

bolesnika s AB. S neurobiološke strane poremećaji spavanja su iznimno važni jer omogućuju uvid u rane mehanizme 

i neurodegenerativne procese specifične za AB. Mnoga istraživanja ukazuju da su poremećaji spavanja u AB 

uzrokovani selektivnom degeneracijom jezgara koje potiču budnost i spavanje, a koje se nalaze u moždanom deblu i 

hipotalamusu. Od posebne je važnosti poremećaj sporovalnog spavanja koji dovodi do porasta razine tau proteina i 

beta amiloida u mozgu, što vjerojatno ima važnu ulogu u patofiziologiji AB. Osmišljavanje prospektivnih istraživanja 

koja kombiniraju opsežne kliničke podatke s modernim neuropatološkim metodama obećavajući su pristup za bolje 

razumijevanje biološke podloge poremećaja spavanja i razvoja terapije učinkovite u ranim stadijima AB.

/ Sleep disorders are common early symptoms of Alzheimer’s disease (AD) and the leading cause of quality of life 

impairment in AD patients. In terms of neurobiology, sleep disorders are of exceptional importance as they may provide 

insight into early mechanisms and neurodegenerative processes specific to AD. Growing data indicate that sleep disruption 

in AD is caused by selective degeneration of sleep- and wake-promoting nuclei in the brain stem and hypothalamus. 

Disruption of slow-wave sleep increases the concentration of tau and amyloid-beta in the brain, which may represent an 

important part of the pathophysiology of AD. Designing prospective studies that combine comprehensive clinical data 

with modern neuropathological analyses is a promising strategy to elucidate the biological basis of sleep disorders, and 

open new avenues for early treatments of AD.
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Alzheimerova bolest (AB) se često manifestira 
neuropsihijatrijskim (NPS) ili nekognitivnim 
simptomima. Premda su ti simptomi opisani 
već u prvim izvješćima o AB i bili sastavni dio 
koncepta ove bolesti (1), istraživanja su tradi-
cionalno bila usmjerena na kognitivne simp-
tome, posebice poremećajima pamćenja, kao 
i odgovarajućoj patologiji medijalnog sljepo-
očnog režnja mozga. U posljednjem desetljeću 
poraslo je zanimanje za razumijevanjem NPS 
specifičnih za Alzheimerovu bolest, posebice 
za poremećaje spavanja. Poremećaji spavanja 
su vodeći uzrok smanjene kvalitete života bo-
lesnika i predstavljaju najveće opterećenje za 
njegovatelje i obitelj bolesnika (2, 3). Farma-
kološko liječenje poremećaja spavanja nije vrlo 
učinkovito i ograničeno je značajnim neželje-
nim popratnim učincima, poput porasta mor-
taliteta bolesnika s AB (4, 5). Nefarmakološko 
liječenje poput bihevioralno-terapijskih pristu-
pa ili unaprjeđenja kvalitete rasvjete pokazuju 
obećavajuće rezultate, ali ih je teško primijeniti 
u praksi (6, 7). Da bismo unaprijedili liječenje 
potrebno je bolje razumijevanje neurobiološke 
podloge NPS u AB. U tom smjeru sve je vise 
radova koji pokazuju da se prve patološke pro-
mjene u AB javljaju u subkortikalnim regijama 
mozga, tocnije u moždanom deblu. Nadalje, 
čini se da patologija moždanog debla pred-
stavlja biološki korelat ranih NPS u AB (8-10). 
Podatci istraživanja na staničnim kulturama, 
životinjskim modelima bolesti, kao i rezultati 
kliničkih istraživanja ukazuju da poremećaji 
spavanja, posebice poremećaji NREM sporo-
valnog spavanja igraju važnu ulogu u AD (11). 
Čini se da su poremećaji spavanja ne samo po-
sljedica neurodegenerativnih promjena, nego 
i rizični čimbenik ili jedan od uzročnih čimbe-
nika uključenih u patofiziologiju AB. Cilj ovog 
preglednog rada je sažeto iznijeti kliničku sliku 
i neurobiološku podlogu poremećaja spavanja u 
AB. Posebno ću se osvrnuti na rezultate istra-
živanja postmortalnih uzoraka čovječjeg mozga 
(moždanog debla i hipotalamusa) te poreme-
ćaja NREM spavanja. Poremećaji cirkadijalnog 

Neuropsychiatric symptoms (NPS) or non-cog-
nitive symptoms are common manifestations 
of Alzheimer’s disease (AD). Although these 
symptoms were included in the first reports 
and early conceptualization of dementia (1), re-
search efforts have traditionally been focused on 
the cognitive symptoms of AD, such as memory 
impairment, and the corresponding pathology 
in the medial temporal lobe. In the last decade, 
however, there has been a growing interest in 
understanding AD-specific NPS, particularly 
sleep disorders. Sleep disorders are leading caus-
es of quality of life impairment in AD patients 
and place major burdens on these patients’ car-
egivers and families (2,3). To date, the pharma-
cological treatments available to treat sleep dis-
orders have limited efficacy and carry great risk 
of serious side effects, including mortality (4, 5), 
while non-pharmacological, behaviour-cantered 
treatment options, as well as improvement of 
light conditions, show promising but limited 
results and prove difficult to implement (6,7). 
A better understanding of the neurobiological 
basis of AD NPS is needed to develop new treat-
ment strategies. There is growing evidence that 
the first pathological changes in AD arise in the 
brain’s subcortical structures, namely the brain 
stem. The brain stem also appears to be a neu-
robiological correlate of early AD NPS (8-10). 
Furthermore, converging data from experiments 
involving cell cultures, animal models, and clin-
ical studies show that sleep disorders, especially 
those affecting non-REM sleep (NREM), play an 
important, bidirectional role in AD (11). In other 
words, sleep disorders are not only a secondary 
consequence of neurodegeneration, but they are 
likely risk factors for, or even cause, the patho-
physiological processes in AD. The goal of this ar-
ticle is to concisely review the clinical presenta-
tions and neurobiological basis of sleep disorders 
in AD. To accomplish this goal, emphasis will be 
given to experiments that imaged post-mortem 
brain tissue (specifically from the brainstem and 
hypothalamic regions) of humans who experi-
enced NREM sleep disturbances. Although of 
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ritma nisu tema ovog rada, ali će s obzirom na 
povezanost spavanja i cirkadijalnog ritma biti 
prigodno spomenuti.

PROMJENE SPAVANJA TIJEKOM 
STARENJA I ALZHEIMEROVE 
BOLESTI
Mnoga istraživanja su pokazala da se trajanje 
i kvaliteta spavanja mijenjaju tijekom nor-
malnog starenja. Na primjer, tijekom života 
se skraćuje ukupno trajanje spavanja, dok fra-
gmentacija sna, pospanost i broj drijemanja 
(ili kratkog sna) tijekom dana rastu (12-14).
Nadalje, EEG-snimanja pokazuju da se sporo-
valno, ali i REM spavanje, kao i vretena spava-
nja sa starenjem skraćuju (15, 16).Zanimljivo 
je da bolesnici s AB imaju sličan obrazac pro-
mjene spavanja, koje su međutim u usporedbi 
s normalnim starenjem učestalije i izraženije. 
Podatci epidemioloških istraživanja povezuju 
poremećaje spavanja s kognitivnim poremeća-
jima i povećanim rizikom za razvoj demencije 
(17-19). Tako su Moran i sur. pokazali da goto-
vo četvrtina bolesnika s AB imaju poremećaje 
spavanja (20). Nadalje, poremećaji spavanja 
pozitivno koreliraju s trajanjem AB i narušava-
njem kvalitete života (21). Tipični poremećaji 
spavanja koji se javljaju u AB su: produljeno 
trajanje spavanja, pospanost tijekom dana, uče-
stalije drijemanje tijekom dana, kraće vrijeme 
usnivanja (latencija sna) tijekom dana, ali du-
lje vrijeme usnivanja tijekom noći, fragmenta-
cija sna i uranjeno jutarnje buđenje (21-24). U 
uznapredovalim stadijima AB vrijeme spavanja 
tijekom dana i noći može čak biti jednakog tra-
janja. Taj nalaz, kao i sindrom zalazećeg sunca 
(smetenost i simptomi delirija u večernjim sa-
tima) ukazuju na poremećaj cirkadijalnog ritma 
u bolesnika s AB. Klinički podatci potkrijeplje-
ni su nalazima EEG-a, koji pokazuju poremećaj 
NREM ili sporovalnog spavanja, kao i smanje-
nu učestalost vretena spavanja i K-kompleksa u 
bolesnika s AB (25, 26). Nadalje, poznato je su 

key importance for the regulation of the sleep 
and wake cycling, circadian rhythm sleep disor-
ders will not be the focus of this review, but they 
will be mentioned when pertinent.

SLEEP CHANGES DURING AGING 
AND ALZHEIMER’S DISEASE
There is strong evidence that the duration and 
quality of sleep changes throughout normal ag-
ing. For example, over the course of the lifespan, 
total sleep duration decreases while sleep frag-
mentation, daytime sleepiness, and number of 
naps taken per day increases (12-14). Addition-
ally, EEG-recordings show age-related reduc-
tions in slow-wave sleep (SWS) and REM sleep, 
as well as sleep spindle activity (15,16). Interest-
ingly, research on AD patients shows similar, but 
more frequent and more extensive sleep disrup-
tion. Epidemiological data links sleep disorders 
with cognitive impairment and a heightened 
risk for dementia (17-19). A study conducted by 
Moran and colleagues found that 24.5% of AD 
patients reported sleep disturbances (20). Fur-
thermore, sleep disorders correlate with the du-
ration of AD and impairment of activities of dai-
ly living (21). Typical sleep disorders in AD are: 
sleeping more than usual and sleepiness during 
the day, increased daytime napping, shorter 
time to fall asleep (sleep latency) during the 
day, but longer sleep latency during the night, 
sleep fragmentation, early morning wakening 
(21-24). In advanced AD, the sleep time during 
the night and day can even equal. This finding 
together with the phenomenon of sundowning 
in patients with AD is highly indicative for circa-
dian sleep disorders. Clinical data are supported 
by EEG studies particularly showing impairment 
of NREM sleep or slow-wave sleep (SWS), as 
well as reduced sleep spindles and K complexes 
in patients with AD (25,26). The findings that 
clinically and electrophysiologically documented 
sleep disorders are associated with impaired cog-
nition (25,26) and that NREM-sleep plays a ma-
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poremećaji spavanja, ustanovljeni na temelju 
kliničkih i elektrofizioloških pretraga, povezani 
s kognitivnim poremećajima (25, 26), kao i da 
NREM-spavanje ima važnu ulogu u konsolida-
ciji pamćenja (27). Navedeno jasno ukazuje na 
povezanost između spavanja i demencije. 

SPAVANJE UTJEČE NA RAZINU 
TAU-PROTEINA I BETA-AMILOIDA 
U MOZGU
Razumijevanje međusobnog utjecaja spavanja 
i demencije značajno je unaprijeđeno radom 
Kanga i suradnika (2009). Oni su istraživanjem 
na mišjem modelu AB pokazali fiziološke fluk-
tuacije razine beta-amiloida u mozgu: razina 
beta-amiloida opada poslije spavanja, a raste 
kao posljedica deprivacije sna (28). Upotre-
bom nove metode mjerenja stope proizvodnje 
i raščišćavanja (klirensa) proteina u cerebros-
pinalnom likvoru čovjeka, dokazan je sličan 
cirkadijalni obrazac razine tau-proteina i be-
ta-amiloida kod zdravih ispitanika (29). Nada-
lje, pokazalo se da je cirkadijalna promjena ra-
zine tih proteina poremećena nakon stvaranja 
amiloidnih plakova (30). Poremećaji aktivnosti 
sporovalnog spavanja već nakon nekoliko dana 
povećavaju razinu tau-proteina u likvoru (31), 
što je povezano s većim opterećenjem tau-pro-
teinima u mozgu mjerenim tau-PET-om (32). 
Navedeni nalazi potkrjepljuju epidemiološke 
podatke da kognitivno asimptomatski pojedin-
ci s patološkom razinom beta-amiloida u mozgu 
ili likvoru slabije spavaju tijekom noći i imaju 
veću potrebu za spavanjem tijekom dana (19).

NEURONSKE MREŽE KOJE 
POTIČU BUDNOST I NREM 
SPAVANJE
Sustav regulacije spavanja i budnosti je složen, 
uključuje brojne neurotransmitorske sustave 
koji utječu jedni na druge, a potječu iz možda-

jor role in memory consolidation (27) represent 
an important link between sleep and dementia.

SLEEP INFLUENCES BRAIN 
LEVELS OF TAU AND AMYLOID-
BETA
Our understanding of the association be-
tween sleep and dementia has been expanded 
through the seminal work of Kang et al. (2009), 
who used AD mutant mice to show a physio-
logical diurnal fluctuation of amyloid-beta (Aβ): 
Aβ levels decrease in the brain after sleep and 
increase during sleep deprivation (28). A new 
method used to quantify protein production 
and clearance rate in cerebrospinal fluid (CSF) 
reported similar rapid Aβ turnover in healthy 
human participants (29). Recent research on 
human subjects showed that circadian fluctu-
ation of Aβ and tau in CSF is disrupted after 
brain plaque formation (30). Furthermore, dis-
ruption of NREM slow-wave activity increas-
es CSF tau levels over several days (31) and 
is associated with higher cortical tau-burden 
as measured by tau-PET (32). These findings 
corroborate the epidemiological data report-
ing that cognitively asymptomatic individuals 
with amyloid deposition, as assessed by Aβ42 
levels in CSF, have decreased sleep efficiency 
and more frequent napping compared to those 
without amyloid deposition (19)

NETWORKS PROMOTING 
WAKEFULNESS AND NON-REM 
SLEEP
The neural system regulating sleep and wake 
states is complex and involves mutually inter-
acting neurotransmitter systems arising from 
the brain stem and hypothalamus. In 2001 Sa-
per and colleagues formulated a widely accept-
ed concept of switching activity in sleep- and 
wake-promoting networks (33). According to 
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nog debla i hipotalamusa. Saperi sur.su 2001. 
objasnili promjene iz stanja budnosti u spava-
nje i obrnuto sistemom sklopke (33). Prema 
toj hipotezi, međudjelovanje između centara u 
mozgu koji potiču spavanje i onih koji potiču 
budnost ubrzava prijelaz između navedenih 
stanja. Na primjer, neuroni koji potiču spava-
nje, svojom aktivnošću istovremeno inhibiraju 
aktivnost neurona koji potiču budnost. Utiša-
vanje sustava budnosti pridonosi dezinhibiciji 
neurona koji potiču spavanje čime se postiže 
brz i stabilan prijelaz u stanje spavanja. 

Glavne jezgre koje potiču budnost nalaze se u 
moždanom deblu, hipotalamusu i bazi velikog 
mozga. U moždanom deblu budnost potiču 
nor adrenergički neuroni u lokusu ceruleusu 
(LC) (34, 35), dopaminergički neuroni u ven-
tralnoj tegmentalnoj areji (VTA) (36, 37) i sero-
tonergički neuroni u dorzalnim jezgrama raphe 
(DRN) (38, 39). Navedene jezgre imaju opsežne 
projekcije u moždanu koru, talamus, hipotala-
mus i bazu mozga. U ponsu, glavne jezgre za 
budnost su glutamatergička parabrahijalna 
jezgra (PB) i preceruleus (PC) (40, 41). Koliner-
gičke jezgre aktivne tijekom budnosti uključu-
ju pedunkulopontine (PPT) i laterodorzalne 
tegmentalne jezgre (LDT) (40, 41). Oreksiner-
gički neuroni, smješteni u stražnjem dijelu late-
ralne areje hipotalamusa (LHA) su od posebne 
važnosti za stanje budnosti. Ti se neuroni proji-
ciraju u moždano deblo, hipotalamus i LC (42). 
U blizini LHA nalazi se tuberomamilarna jezgra 
(TMN), koja obiluje histaminergičkim neuroni-
ma (43). Ostale kolinergičke, ali i GABAergičke 
i glutamatergičke skupine neurona aktivne tije-
kom budnosti nalaze se u bazi mozga (44).

Jezgre talamusa same po sebi ne potiču sta-
nje budnosti, nego sudjeluju kao relejne jezgre 
primajući projekcije iz gore navedenih dijelova 
moždanog debla i hipotalamusa. Jezgre tala-
musa opsežno opskrbljuju moždanu koru glu-
tamatergičkom inervacijom (45).

Najbitniji dijelovi sustava koji promiče spava-
nje su neuroni koji sadrže galanin i GABA-u, a 

the sleep switch hypothesis, there is a reciprocal 
interaction between sleep- and wake-promot-
ing brain regions. For example, when sleep-pro-
moting neurons fire rapidly during sleep, they 
simultaneously inhibit the wake-promoting 
neurons. The silencing of the arousal system 
also contributes to the disinhibition of the 
sleep nuclei, which ensures a relatively rapid 
and stable switch into the sleep state.

The main wake-promoting nuclei are located in 
the brain stem, hypothalamus, and basal fore-
brain. The wake-promoting nuclei in the brain 
stem include the noradrenergic neurons of the 
locus coeruleus (LC) (34,35), the dopaminergic 
neurons of the ventral tegmental area (VTA) 
(36,37), and the serotoninergic dorsal raphe 
nuclei (DRN) (38,39). These nuclei project 
abundantly to the cerebral cortex, thalamus, 
hypothalamus and basal forebrain. The pontine 
glutamatergic parabrachial nucleus (PB) and 
precoeruleus (PC) area are two other wake-pro-
moting nuclei in the brain stem (40,41). The 
cholinergic brain stem nuclei, which are also 
active during wakefulness, include the pedun-
culopontine (PPT) and laterodorsal tegmental 
nuclei (LDT) (40,41). The orexinergic neurons, 
located in the posterior part of the lateral hy-
pothalamic area (LHA), are of particular im-
portance during wakefulness. These neurons 
project to the brain stem, hypothalamus and 
LC (42). Anatomically close to the LHA is the 
tuberomammillary nucleus (TMN), which is 
abundant with histaminergic neurons (43). 
Other cholinergic, but also GABAergic and glu-
tamatergic neuronal groups active during wake-
fulness can be found in the basal forebrain (44).

Although the thalamic nuclei do not have an 
intrinsic wake-promoting function, they are 
involved in wakefulness as relay nuclei that 
receive innervation from brain stem and hy-
pothalamic structures and, in turn, provide 
extensive glutamatergic innervation of the 
cerebral cortex (45).

Major parts of the NREM sleep-promoting 
networks are neurons containing galanin and 
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koji se nalaze u intermedijanoj (ImN) ili ven-
trolateralnoj preoptičkoj jezgri (VLPO) hipo-
talamusa (46-48). Ti se neuroni projiciraju u 
TMN, LC, DNR, periakveduktalnu sivu tvar 
(PAG), PB i LHA. Druga bitna regija preoptič-
kog hipotalamusa je medijana preoptička jez-
gra (MnPO), koja sadrži GABAergičke neurone 
(49, 50). MnPO opsežno inervira VLPO, LHA, 
LC, DRN i PAG. Nedavna istraživanja provede-
na na glodavcima pokazala su da GABAergički 
neuroni parafacijalne zone (PZ) u produljenoj 
moždini potiču sporovalnu moždanu aktiv-
nost. Oni se projiciraju u PB jezgru koja poslje-
dično šalje glutamatergičku inervaciju u bazu 
mozga (51).

NEUROPATOLOŠKI NALAZI 
U MONOAMINERGIČKIM 
JEZGRAMA MOŽDANOG DEBLA
Degeneracija noradrenergičkog lokusa cerule-
usa u AD je dobro poznata (52-54). Opsežnom 
postmortalnom analizom 2322 čovječja moz-
ga, Braak i suradnici su 2011. pokazali da se 
prve patološke promjene tau-proteina u moz-
gu vide u jezgrama moždanog debla, najčešće 
u LC (55). Sto se tiče zahvaćanja moždane 
kore, prvi patološki proces očekivano je vidljiv 
u transentorinalnom korteksu. Zanimljivo je 
da je bez iznimke svaki mozak s patološkim 
nalazom u transentorinalnom korteksu imao 
zahvaćeni LC. Detaljno istraživanje LC poka-
zuje da je 8 % neurona tau-pozitivno već u 
Braakovom stadiju 0 (56). S napredovanjem 
bolesti, volumen LC-a se smanjuje, ali broj 
tau-pozitivnih neurona ostaje stabilan (56, 
57). Prvo sustavno istraživanje serotoner-
gičkih rafe jezgara (DRN) u AB pokazalo je 
iznimnu količinu neurofibrilarnih snopovai 
75 % smanjenje broja neurona (58, 59). DRN 
je najosjetljivija serotonergička jezgra u AB 
(60), koja je zahvaćena u ranom stadiju bole-
sti, čak i prije nego je transentorinalni korteks 
zahvaćen (56,60,61).

GABA, localized in the intermediate nucleus 
(ImN) or ventrolateral preoptic nucleus (VLPO) 
of the hypothalamus (46-48). These neurons 
project to TMN, LC, raphe nuclei, periaque-
ductal gray (PAG), PB, and LHA. Another hypo-
thalamic region in the preoptic area is the me-
dian preoptic nucleus (MnPO), which contains 
GABAergic neurons (49,50). The MnPO projects 
vastly to VLPO, LHA, LC, DRN, and PAG. Recent 
work done in rodents shows that the GABAergic 
neurons of the medullary parafacial zone (PZ) 
promote slow-wave activity projecting to the PB 
nucleus which, in turn, provides glutamatergic 
innervation of the basal forebrain (51).

NEUROPATHOLOGICAL FINDINGS 
IN THE MONOAMINERGIC 
BRAINSTEM NUCLEI
Degeneration of the noradrenergic locus co-
eruleus in AD is well documented (52-54). In 
a comprehensive post-mortem brain analysis 
of 2322 subjects, Braak et al. 2011 report that 
the first pretangle tau pathology in the brain 
is seen in brain stem nuclei, most often the LC 
(55). In the cortex, the region affected in this 
pretangle stage is the transentorhinal cortex. 
Interestingly, transentorhinal cortex tau-pa-
thology is always accompanied by brain stem 
involvement, providing strong evidence that 
the LC is the first brain region affected by tau 
pathology. A detailed examination of the LC 
demonstrates that around 8% of LC neurons 
are already tau-positive in Braak stage 0 (56). 
As the disease progresses, there is a reduction 
of LC volume, but the number of tau-positive 
LC neurons remains stable (56,57). The first 
systematic analysis of serotonergic dorsal ra-
phe nuclei (DRN) in AD shows extraordinary 
burden of neurofibrillary tangles and around 
a 75% reduction of neurons (58,59). Further 
studies demonstrate that the DRN is the most 
vulnerable serotonergic nucleus in AD (60) and 
is affected in the early course of AD, even be-
fore the transentorhinal cortex (56,60,61). 
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NEUROPATOLOŠKI NALAZI U 
HIPOTALAMUSU
U hipotalamusu je, kao i u moždanom deblu, 
opisana opsežna ali selektivna degeneracija 
jezgara. Dok tijekom starenja dolazi do dis-
kretnog smanjenja volumena i broja neurona 
u suprahijazmatičkoj jezgri (SCN), te su pro-
mjene u AB veoma opsežne (62).Golgijevom 
metodom obilježavanja neurona te elektron-
skom mikroskopijom SCN-a, supraoptičke 
jezgre (SON) i periventrikularne jezgre (PVN) 
otkriveno je značajno smanjenje broja neuro-
na i dendritičkih ogranaka u postmortalnom 
tkivu bolesnika s Braakovim stadijem II/III 
Alzheimerove bolesti u odnosu na kontrolne 
uzorke (63). Čini se da je SCN značajnije pogo-
đena od SON i PVN. S obzirom da SCN pred-
stavlja središnji cirkadijalni sat organizma, 
ovaj nalaz predstavlja neuropatološki korelat 
ranog poremećaja ciklusa spavanja i budnosti 
u AB. Drugo istraživanje u kojem su korištene 
gore navedene metode pokazalo je smanjenje 
broja neurona i dendrita, kao i propadanje si-
napsi u mamilarnim jezgrama bolesnika s ra-
nim stadijem AB. Zanimljivo je da je pritom 
opisana mala količina neurofibrilarne patolo-
gije. Histaminergičke tuberomamilarne jezgre 
su opsežno istražene u AB. U ranim stadijima 
bolesti postoji značajan gubitak neurona i den-
drita, kao i propadanja sinapsi tog područja. 
U kasnijim stadijima povećava se količina pa-
toloških tau-proteina te se dodatno smanjuje 
broj neurona (64-66). Oh i sur. nedavno su 
pokazali izraženo propadanje oreksinergičkih 
i histaminergičkih neurona u AB, uključenih u 
održavanje budnosti. Broj neurona u LHA bio 
je manji za 75 %, dok je broj neurona u TMN 
bio manji za 60 %. Osim toga, dokazali su zna-
čajnu opterećenost navedenih regija neurofi-
brilarnom patologijom, kao i smanjenje broja 
neurona koji proizvode navedene neurotrans-
mitore. Manje su poznate moguće promjene 
hipotalamičkih jezgara aktivnih tijekom spa-
vanja. Postoje oprečni i neujednačeni nalazi 

NEUROPATHOLOGICAL 
FINDINGS IN THE 
HYPOTHALAMUS
As in the brain stem, a profound but selective 
degeneration of hypothalamic nuclei has been 
reported. Research shows decreased volume and 
total cell counts in the suprachiasmatic nucleus 
(SCN) in senescence, and a dramatic reduction 
in AD (62). A Golgi and electron microscope 
study of SCN, supraoptic (SON), and para-
ventricular nucleus (PVN) reveals a substantial 
decrease in the neuronal population and a loss 
of dendritic branches in subjects with AD Braak 
stage II/III compared to controls (63). The SCN 
appears to be more severely affected than SON 
and PVN. Since the SCN constitutes the prima-
ry circadian clock in human, this finding likely 
represents a pathological correlate of early dis-
ruption of the sleep-wake cycle in AD. Another 
study using a Golgi and electron microscope 
demonstrated a significant loss of neurons and 
dendrites, as well as synaptic alterations in the 
mammillary bodies of patients with early stag-
es of AD. Interestingly, minimal neurofibrillary 
pathology was reported. The histaminergic 
tuberomammillary area has been extensively 
studied in AD. In early AD stages, there is a sig-
nificant loss of neurons and dendrites, as well 
as alterations to synapses in this area. Later 
AD stages exhibit tau-burden and a reduction 
of neurons (64-66). A study conducted by Oh 
and colleagues (2019) demonstrates extensive 
degeneration of orexinergic and histaminergic 
wake promoting nuclei in AD, with a 75% re-
duction of neurons in LHA containing orexin 
neurons, and a 60% neuronal loss in TMN. Sig-
nificant tau-pathology and a reduction in the 
number of neurotransmitter-producing neu-
rons is also detected. Less is known regarding 
sleep-promoting regions of the hypothalamus. 
Alterations in galanin-cell morphology and ax-
onal varicosities is also reported with conflict-
ing or inconsistent data regarding the number 
of galanin-cells in in SON, PV, and TM (67). A 
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što se tiče morfologije galaninergičkih neu-
rona kao i njihovih aksona u SON, PV I TMN 
(67). Jedno istraživanje upućuje da je gubitak 
galaninergičkih neurona u ImN neuropatološ-
ki korelat fragmentacije sna u bolesnika s AB 
(68).

ZAKLJUČCI I SMJER BUDUĆIH 
ISTRAŽIVANJA
U posljednjem desetljeću svjedočimo izni-
mnom porastu znanja i razvoju novih znan-
stvenih metoda u temeljnim i kliničkim istra-
živanjima poremećaja spavanja u kontekstu 
neurodegenerativnih bolesti. Pokusi na mišjim 
modelima AB i novi eksperimentalni pristupi 
doveli su do uzbudljivih otkrića uloge spava-
nja u metabolizmu tau proteina u beta amilo-
ida. To nam je omogućilo bolje razumijevanje 
patofiziologije spavanja u AB. Međutim, re-
zultate temeljnih, kliničkih i neuropatoloških 
istraživanja nije lako integrirati. Neuralni me-
hanizmi budnosti i spavanja su vrlo složeni, 
a većina podataka o fiziologiji sna i njegovim 
poremećajima potječe od istraživanja na živo-
tinjskim modelima. Čini se da je obećavajući 
pristup istraživanja tog područja unaprjeđenje 
metoda slikovnih prikaza mozga, kao i osmi-
šljavanje prospektivnih studija koje kombi-
niraju opsežne kliničke podatke s modernim 
neuropatološkim metodama. Nove spoznaje 
o poremećajima jezgara koje potiču spavanja 
i budnost, kao i njihovih neurotransmitorskih 
sustava omogućit ce otkrivanje novih terapij-
skih ciljeva i osmišljavanje učinkovitih lijeko-
va. U sirem smislu, ono sto smo naučili je da 
temeljite kliničko-patološke korelacije, uklju-
čujući opsežni neuropatološki nalaz mijenjaju 
smjer istraživanja u AB. Ako prve promjene u 
AB počinju u moždanom deblu, na što ukazuju 
trenutna istraživanja, onda je to regija koja bi 
trebala biti cilj istraživanja u potrazi za ranim 
patofiziološkim promjenama i ranim terapij-
skim intervencijama u AB.

recent study by Lim and colleagues (2014) cor-
relates clinical sleep data with post-mortem 
finding and demonstrates that the loss of gala-
ninergic neurons of the ImN is associated with 
sleep fragmentation (68).

CONCLUSIONS AND FUTURE 
DIRECTIONS
With growing knowledge and developments 
in basic and clinical sleep, research in the con-
text of neurodegenerative disorders is prolif-
erating like never before. Experiments using 
AD mouse models and novel experimental 
approaches in basic research have provided ex-
citing new knowledge about the role of sleep 
in tau and amyloid metabolism and have given 
us a better understanding of the pathophysi-
ology of sleep in AD. However, it is not easy 
to bring together experimental data from ba-
sic, clinical and neuropathological research. 
The neural mechanisms of arousal and sleep 
are extremely complex, with the majority of 
data on sleep physiology, and its disruption 
in AD comes from animal research. It seems 
that the improvement of imaging methods 
and the designing prospective studies, which 
can combine comprehensive clinical data with 
modern neuropathological analyses, are prom-
ising strategies that can be used to overcome 
this gap. Gaining more knowledge on the dis-
ruption of specific sleep- and wake-promoting 
nuclei and their neurotransmitter systems will 
provide us with targets for more effective drug 
development. Broadly speaking, what we have 
learned is that thorough clinico-pathological 
correlation, including comprehensive neuro-
pathological examination, is changing the di-
rection of Alzheimer research. If the first AD 
pathological changes arise in the brain stem, 
as current data suggest, then this is the region 
that should be investigated when researching 
early pathophysiological processes and thera-
peutic intervention in AD.
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