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 Sleep deprivation is so commonly experienced and observed around 
WKH� ZRUOG�� ,W� LQÀXHQFHV� DQG� LPSDFWV� WKH� KXPDQ� EUDLQ� LQ� PXOWLSOH� GLV-
tinct ways; some were researched more than others. It also messes up 
the rhythm of the circadian clock, which controls humans’ sleep-wake-
fulness cycles. A study showed the impact of one night of sleep depri-
YDWLRQ� RQ� WKH� ULVN� IDFWRU� RI�$O]KHLPHU¶V� 'LVHDVH�� 6SHFL¿FDOO\�� E\� VWXG\-
ing the accumulation of amyloid beta plaques in the cerebellum. 

Beta-amyloid plaques are waste products of the metabolic mechanisms 
and reactions that occur in the brain (Cheng, 2020). Thus, their accumu-
lation indicates a malfunction in the intracellular proteasomal degradation 
and autophagy systems in the brain (Nedergaard, 2013), which are the 
systems responsible for breaking down and getting rid of the toxic mol-
ecules in the brain, such as beta-amyloid plaques. The degradation sys-
WHPV�DUH� LQÀXHQFHG�E\�PXOWLSOH� IDFWRUV��VRPH�DUH� LQKHULWHG�ZKLOH�RWKHUV�
are environmental and can be controlled by individual decisions day-
to-day (Liu, 2019). The work of Shokri-Kojori et al. (2018) explores the 
impact of sleep deprivation on human brains and its connection to Alz-
KHLPHU¶V� 'LVHDVH�� 7KH� UHVHDUFKHUV� DUJXH� WKDW� WKH� VFLHQWL¿F� OLWHUDWXUH�
lacks knowledge and evidence about the impact of sleep deprivation on 
the accumulation of amyloid-beta in the human brain. In order to explore 
this argument, the researchers used PET scans to show the impact of 
acute sleep deprivation on amyloid-beta burden. PET technology allows 
them to measure amyloid-beta burden (ABB) in the living human brain.
Positron emission tomography (PET) has multiple radiotracers which are 
types of radioactive biochemical substances used for diagnostic purpos-
HV��(DFK�3(7�UDGLRWUDFHU�VHUYHV�D�VSHFL¿F�SXUSRVH��7KXV��IRU�WKLV�VWXG\��
WKH� UHVHDUFKHUV� XVHG� )� ÀRUEHWDEHQ� �)%%�� EHFDXVH� )%%� ELQGV� WR� VROX-
ble and insoluble amyloid-beta plaques. Thus, the use of FBB with PET 
scans allow the scientists to detect amyloid-beta burden (ABB) in the 
human brain to a great extent and generate the most accurate results. 
The study consisted of two main goals. Firstly, the researchers aimed to 
evaluate one-night sleep deprivation’s impact on the brain ABB in healthy 
participants, which were used as the controls for the study, using PET-
FBB technology. They would then take the data collected and compare it 
to the measurements recorded from the same participants after a night of 
well-rested sleep, which was labeled rested-wakefulness (RW). The re-
searchers referred to the data collected after a well-rested sleep night as 
the baseline brain ABB. Secondly, the scientists aimed to be able to gener-
DWH�DQG�JHQHUDOL]H�WKHLU�¿QGLQJV�E\�ORRNLQJ�DW�VOHHS�KLVWRU\�DQG�EUDLQ�DP-
yloid-beta burden. The scientists focused on looking at the hippocampus, 
precuneus, and the medial prefrontal cortex because they are the regions 
of the brain that are mostly affected and altered by Alzheimer’s disease. 
As a starter, in order to compare the data collected through FBB (a night 
of sleep deprivation vs a night of well-rested sleep), the scientists need-
HG�WR�TXDQWLI\�WKH�)%%�PHDVXUHPHQWV��7KXV��)%%�ZDV�TXDQWL¿HG�DV�WKH�
relative standard uptake value (SUVr) and was used as a marker or indi-
cation of amyloid-beta burden. As a result, they were able to conduct a 
VWDWLVWLFDO� W�WHVW�WR�DQDO\]H�WKH�GDWD��ZKLFK�VKRZHG�D�VLJQL¿FDQW� LQFUHDVH�
in the amyloid-beta burden in the hippocampal region after one night of 
sleep deprivation. These observations were not seen after one night of 
well-rested sleep. In other words, more FBB binding occurred after one 
night of sleep deprivation in comparison to a night of well-rested sleep. 
,Q�RUGHU�WR�FRQ¿UP�WKH�UHVXOWV�DQG�WR�HQVXUH�WKDW�WKHUH�ZHUH�QR�FRQIRXQG-
LQJ�YDULDEOHV�FDXVLQJ�WKLV�VLJQL¿FDQW�FKDQJH��WKH�VFLHQWLVWV�TXDQWL¿HG�)%%�
SUVr in a priori hippocampal ROI. ROI, also known as region of interest, 
is an analysis method that refers to selecting a cluster of voxels or brain 
region posteriori. Using that method, the results were consistently showing 
D�VLJQL¿FDQW�LQFUHDVH�LQ�)%%�689U��WKXV��DP\ORLG�EHWD�EXUGHQ��DIWHU�RQH�
night of sleep deprivation. Furthermore, the scientists looked at the number 
of sleep hours and the total score for sleep quality, which was self-report-

ed using Pittsburgh Sleep Questionnaire Inventory. They found that those 
factors, sleep hours and the total score for sleep quality, were not asso-
ciated with the increase of amyloid-beta burden after sleep deprivation. 
7KXV��DIWHU�VXSSRUWLQJ�DQG�WHVWLQJ�WKHLU�¿UVW�¿QGLQJ��WKH�UHVHDUFKHUV�ZHUH�
able to explore their second aim. The scientists were looking at the lon-
JHU�WHUP�HIIHFWV�RI�VOHHS�GHSULYDWLRQ�DQG�ZKHWKHU�WKHLU�¿UVW�¿QGLQJV�ZRXOG�EH�
consistent when looking at the sleep history of participants and correlating 
it with the corresponding FBB SUVr measurements. To do so, the research-
ers tested the association between reported sleep hours, sleep quality, and 
amyloid-beta burden measured during well-rested sleep and sleep depriva-
tion. They found that there was an inverse correlation between sleep hours 
and FBB SUVr at RW and a positive correlation under sleep deprivation. In 
other words, the results supported the hypothesis that there would be an in-
crease in ABB with less SH, especially in the subcortical region of the brain. 
Furthermore, the scientists looked at different regions of the brain that 
showed an association between FBB SUVr at well-rested sleep and sleep 
hours as well as the APOE-based genetic risk for Alzheimer’s Disease. 
APOE stands for apolipoprotein E, which is a gene that plays a major risk 
factor for Alzheimer’s Disease (Kim, 2009). They found that the different 
observations of low and high FBB SUVr binding at different regions of the 
brain suggest that there are various brain factors for Alzheimer’s Disease 
LQÀXHQFLQJ�HDFK�UHJLRQ�VHPL�LQGHSHQGHQWO\��+RZHYHU��PRVW�LPSRUWDQWO\�IRU�
the goal of this research, they were able to show that the disruption of 
deep sleep increases amyloid-beta in the human brain, especially in the 
thalamus, which is one of the main regions for observing the development 
RI�HDUO\�RQVHW�$O]KHLPHU¶V��0RUHRYHU��DQRWKHU�VLJQL¿FDQFH�WR�WKHLU�UHVXOWV�
LV� WKDW� WKH\� UHÀHFW� WKH�GHFUHDVHG�FOHDUDQFH�RI�DP\ORLG�EHWD� LQ� WKRVH� UH-
gions, indicating a role for sleep in the glymphatic system, which is a mac-
roscopic network of vessels for waste clearance in the brain and the overall 
processing of amyloid-beta clearance in human brains (Jessen, 2015).

Figure 1: The effects of well-rested sleep and sleep deprivation on 
the human brain.
Sleep plays a crucial role in the degradation machinery of the brain. 
Shokri-Kojori et al. (2018) provides evidence that amyloid-beta burden 
LV�KLJKO\�LQÀXHQFHG�E\�WKH�VOHHS�D�SHUVRQ�KDV��6WDWLVWLFDO�DQG�VFUHHQLQJ�
tests that resulted in consistent PET FBB scans activities across the par-
ticipants on the rested wakefulness and sleep deprivation tests showed 
higher FBB SUVr binding on the brain of participants after sleep depriva-
tion in comparison to the scans after a night of well-rested sleep. This in-
dicates a higher accumulation of amyloid-beta in the brain. Moreover, the 
¿JXUH�VKRZV�WKDW�WKH�VFLHQWLVWV�ZHUH�DEOH�WR�WHVW�IRU�WKH�LQÀXHQFH�RI�VOHHS�
KRXUV�RQ�DP\ORLG�EHWD�EXUGHQ�DQG�IRXQG�FRQVLVWHQW�UHVXOWV��WKH�PRUH�
sleep hours participants got, the less amyloid-beta accumulation detect-
HG��6LPLODUO\��PRRG�ZDV�DOVR�QHJDWLYHO\�LQÀXHQFHG�E\�VOHHS�GHSULYDWLRQ��
as participants were more likely to record negative moods after a night of 
sleep deprivation in comparison to a night of well-rested sleep (RW). 
The research and work of Shokri-Kojori et al. (2018) provided supporting 
evidence for the role of sleep deprivation on increasing the accumulation 
of amyloid-beta in the human brain. This work is revolutionary as it is 
usually done on rodents and not human brains. Thus, we are now able to 
DFFHVV�GDWD�DQG�UHFRUGLQJV�RI�WKH�LQÀXHQFH�RI�VOHHS�GHSULYDWLRQ��VOHHS�
hours, and sleep quality on the different regions of the human brain. This 
LV�VLJQL¿FDQW�EHFDXVH�WKH�VFLHQWLVWV�ZHUH�QRW�RQO\�DEOH�WR�REVHUYH�DQG�
record an increase in ABB after sleep deprivation in the hippocampus and 
the thalamus, which play a vital role in the development of Alzheimer’s 
Disease, but also because no study was able to directly measure the 
effect of sleep and the glymphatic function in the human brain’s amy-
loid-beta clearance. 
Nonetheless, it is still plausible to argue that the accumulation of 
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DP\ORLG�EHWD�LQ�WKH�EUDLQ�LV�UHÀHFWLQJ�DQ�LQFUHDVH�LQ�WKH�V\QWKHVLV�RI�
amyloid-beta rather than a decrease in the amyloid-beta clearance or 
the glymphatic system’s activity. This is where future studies can dive in 
and uncover more of the sleep-brain-Alzheimer’s dilemma. Besides, the 
UHVHDUFK�LQ�WKLV�¿HOG�LV�RI�KLJK�LPSRUWDQFH�DV�LW�LV�FOLQLFDOO\�UHOHYDQW�IRU�WKH�
diagnosis of Alzheimer’s Disease and enhancing both the detection of 
amyloid-beta accumulation and their degradation.


