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Abstract

Alzheimer’s disease (AD), the most common type of dementia, is a neurodegenerative
disease related to the loss of memory and cognitive functions. Due to the fact that there has
been no cure discovered for Alzheimer’s disease, researchers have been trying to investigate
AD pathologies to reduce the risks and symptoms. Emerging evidence suggests that chronic
stress, which leads to elevated levels of glucocorticoids (GC), is thought to be one of the critical
factors to the development and progression of Alzheimer’s disease. Chronic exposure of
glucocorticoids to the brain creates neurotoxic effects, which is thought to impair the brain and
contribute to the development of AD. Furthermore, glucocorticoids exacerbate the brain damage
caused by AD, such as cerebral atrophy, amyloid-f3 production, and tau hyperphosphorylation.
This review focuses on recent studies over the relationships between elevated levels of
glucocorticoids and Alzheimer’s disease pathology, such as amyloid- peptide plaques and tau
tangles, neuroinflammation, the cortisol awakening response, and cerebral structures. Elevated
levels of glucocorticoids have been shown to have a significant role in the progression of AD.
Exploring this relationship can help answer the complexities of this disease. With further
research over this correlation, intervention methods to prevent or delay the development of AD
may be discovered, potentially through decreasing high glucocorticoid levels.
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Introduction

There are approximately 50 million Americans that are affected by Alzheimer’s disease
(AD), and most of them are individuals ranging around 65 years or older [1]. The number of
patients with Alzheimer’s continues to rise, and there is still no cure that has been discovered.
AD, the most common type of dementia, is an irreversible neurodegenerative disease that
impairs an individual’s cognitive and memory function. The disease is progressive, slowly
leading to neuronal death in the brain which can further affect the ability to do every-day tasks,
like eating and getting dressed. Pathological changes in the brain that are caused by AD can
begin several years before noticeable symptoms appear, and, by the time of symptom
presentation, the damages inflicted are irreversible [2]. Although researchers are discovering
different methods to prevent the worsening of the disease, there has not been a defined method
found to reduce the number of patients being affected by AD. Since there is presently no cure
for Alzhiemer’s disease, it is crucial for researchers to investigate factors that may contribute to
the development of AD.

Glucocorticoids (GC) are the body’s steroid hormones that are produced and secreted
from the adrenal gland. The hypothalamus—pituitary-adrenal (HPA) axis, which is part of the
neuroendocrine system, maintains homeostasis and helps with the body’s adaptation during
stress [3]. Its functions in the body include mediating stress responses, regulating metabolism,
immune functions, and the inflammatory response [4]. Increased levels of GCs have been
concluded to be one of the contributing factors to the development of AD, but the mechanisms
underlying this relationship are not fully understood [5,6]
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This review paper will explore the role of elevated glucocorticoid levels in different
pathologies of Alzheimer’s disease. It will specifically dive into the effects that increased
glucocorticoid levels have on amyloid- (AB) peptide plaques and tau tangles,
neuroinflammation, the cortisol awakening response, and cerebral structures. Although previous
literature reviews have explored the relationship between GC levels and AD, many of these
studies were published nearly over a decade ago. In the years since, a substantial body of new
research, including clinical trials and both in vivo and in vitro studies, has been presented,
posing implications for understanding the effect of GC levels on AD pathology. This paper thus
examines evidence that has been uncovered more recently to create a summary of the current
knowledge over the relationship between elevated levels of GCs and Alzheimer’s disease.

Neuropathology of Alzheimer’s Disease

The progression of Alzheimer’s disease is a slow and long process that takes decades
for visible symptoms to arise. The first symptoms of AD can vary between individuals, but, for
the maijority, it begins with problems regarding their cognition. First noticeable symptoms of
Alzheimer’s include impaired reasoning or judgment [2]. One of the earliest stages of AD is mild
cognitive impairment (MCI), and those with MCI are at a greater risk of developing AD [2]. As
the disease worsens, they slowly lose basic skills and cognition.

Additionally, changes in AD progression are exceptionally noticeable in the brain’s
functionality and volume. The limbic system includes major areas in the brain that are affected
by this disease, such as the hippocampus and entorhinal cortex (EC). The disease first attacks
the area of the brain responsible for memory, but later spreads to other parts of the brain. This
causes the AD patient to slowly lose their ability to function independently, with impairments to
emotions, cognitive skills, and making decisions [8]. Furthermore, visible shrinkage to cerebral
structures are pronounced with different types of brain imaging allowing researchers to further
understand the progression of the disease [9,10].

The most significant pathological characteristics of AD are the formation of tau tangles
and A plaques. The tau protein is a microtubule-associated protein that stabilizes microtubules
allowing them to maintain cytoskeletal organization and trafficking [11,12,13,14]. In AD patients,
tau proteins abnormally aggregate into neurofibrillary tangles that disrupt the microtubules and
its functions [15]. Meanwhile, the amyloid precursor protein is split by B- and y-secretase to
produce AB fragments. When there are excess amounts of A fragments, they clump together in
deposits to form AB plaques. In AD patients, researchers find excess amounts of tau tangles
and AP plaques that have been concluded to contribute to memory impairment and cognitive
decline.

Mechanism and Functions of Glucocorticoids

Glucocorticoids are the class of steroid hormones that is regulated by the HPA axis.
Cortisol is the most abundant and active type of GC in humans [16]. During HPA axis
processes, cortisone, an inactive form of cortisol, is activated in the liver to turn into cortisol [17].
Cortisol has the ability to bind to glucocorticoid receptors (GRs) and exhibits wide-ranging
effects when bound [16,17]. During an organism’s response to stress, GCs are released to
provide energy for a “fight or flight” response [18]. After an organism experiences a stressful
situation, the HPA axis is activated to terminate the stress response and stabilize GC levels
[19,20]. The two types of receptors that have affinity for GCs are mineralocorticoid receptors
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and GRs [21]. The activation of these receptors are correlated with systems that are associated
with memory, behavior, fear, excitability, and anxiety in an individual [22,23,24]

Effect of Glucocorticoids on Memory

Decline in memory performance is a major sign of AD that patients tend to notice first.
The processes of memory consolidation and retrieval should be examined to study if GCs can
worsen memory performance. Memory consolidation is the process where newly acquired
information is initially held in an unstable state in the short-term memory system before being
transferred to a more stable state in the long-term memory system [19]. Memory retrieval is the
process of retrieving the memory stored in the long-term memory system [19]. Elevated levels of
GCs have been shown to enhance memory consolidation, and low levels of GCs have shown to
impair consolidation for neutral and emotional information [25,26]. Interestingly, results with
memory retrieval show the opposite. Elevation of GC levels impairs the process to retrieve
consolidated memory [27]. Roozendaal, 2003 found that memory retrieval processes are
typically impaired by high levels of GCs or the infusion of GR agonists into the hippocampus,
but, after activation of GC pathways involving GRs, it enhances memory consolidation [28].
Furthermore, these results demonstrate an inverted U-shape relationship between cortisol levels
and memory performance relating to the basolateral complex of the amygdala [27,29,30].
Roozendaal hypothesized that the basolateral complex of the amygdala is a key structure that
regulates memory-modulatory systems in regards to stress and GC effects in memory retrieval
and consolidation [29]. These findings demonstrate that memory performance and GCs are
interlinked together with many different processes in the body. Further research on the levels of
GCs with its correlation to AD may be a step forward to discovering the reason for the
worsening of memory performance in AD patients.

Another memory process that is affected due to stress hormones is long-term
potentiation (LTP), which is a process of long-term strengthening of synaptic connections that
contributes to memory formation and consolidation. Research conducted by Dong et al., 2015
tested the a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPAR)
endocytosis process to see if there was a decay of the activity-dependent LTP [31]. The
accumulation of AMPAR is an important procedure in the process of LTP [32]. In their results,
they found that high levels of shock (stress) in a mouse model restricted the function of AMPAR
and prevented long term memory formation in the mice. These results support that
GC-correlated impairment to LTP does have a correlation with memory loss. Furthermore, two
different rodent clinical trials presented data that when a group of rats were placed in stressful
events, they were found to have an impairment to LTP in hippocampal explants [33,34]. From
these findings, elevated levels of stress demonstrated alterations to the LTP process. Although
direct evidence to show decline in LTP in AD patients’ brains have been limited, researchers
have discovered that LTP synapses in a cryopreserved AD brain were shown to be impaired.
Due to the relationship shown between stress and the LTP process, it can be suggested that
elevated levels of stress may be a contributing factor to the development of AD due to its ability
to decline the LTP process.

Effect of Glucocorticoids on Alzheimer’s Pathological Biomarkers
There is substantial evidence that demonstrates that GCs aggravate the formation of Ap
plaques and tau tangles, which are the most well-known and researched pathologies of AD.
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Therefore, if evidence is found that GC levels play a role in the development or aggregation of
AB plaques and tau tangles, then glucocorticoids can be a potential point of intervention for
reducing the spread of AD pathology.

Glucocorticoids and Amyloid-B Peptide Plaques

In 1992, Hardy and Higgen hypothesized that the deposition of AB protein is the
causative agent of AD pathology which they called the amyloid cascade hypothesis [35]. Today,
the most common medication for AD is Lecanemab, which plays a role in the clearing of A
plaques. Therefore, if GCs are shown to contribute to A pathology, it will be a huge step
towards finding intervention methods to treat AD.

The insulin-degrading enzyme (IDE) is specialized in the clearance of AR peptides in the
brain [36]. This enzyme also improves cognitive impairment associated with AD [36]. Harada et
al., 1996 supported that IDE was regulated by GC levels and concluded that increased GC
levels worsens the progression of AD [37]. The GC'’s direct ability to control this enzyme, which
promotes degradation of AB, can demonstrate that they may have a crucial role in the worsening
of the disease. Green et al., 2006 tested for the effects that GCs may have on AB pathology in
AD using both in vitro and in vivo experiments [38]. In the in vitro experiment, administration of
corticosterone and dexamethasone, a potent glucocorticoid, to mouse neuronal N2A cells
increased levels of AB [38]. Similarly, in the in vivo approach, they found that, after administering
dexamethasone to 3xTg-AD mice, AP levels were elevated [38]. To further investigate the
underlying mechanism to why GCs may elevate levels of AB, they looked into levels of C99 and
B-APP cleaving enzymes, which both contribute to the presence of AB in AD [38]. Researchers
found that due to the administration of GCs there was an upregulation of C99 and -APP
cleaving enzymes, which reveals the cause for an increase in A levels [38]. In another study,
Dong et al., 2004 found that after exerting isolation-induced stress for 6 months on Tg2576
mice, a well-known mouse model of AD, there were more AB plaques in the cortex and the
hippocampus compared to the unstressed Tg2576 mice [39]. In another mouse model of AD,
APPP,,,7-CT100 transgenic mice, Jeong et al., 2006 found that chronic immobilization stress
increased the number and densities of vascular and extracellular deposits that contained A
peptides and amyloid precursor protein fragments, especially in the hippocampus and the cortex
[40]. To further clarify that the aggregation of AR plagues were most likely due to the presence of
GC rather than from another factor of chronic immobilization stress, another study found that
administering GCs to normal, middle-aged mice enhances the production of AB [41]. These
studies link stress factors to A pathology of AD. Although the work from Jeong et al., 2006 and
Dong et al., 2004 used different mouse models, their results were consistent in that high levels
of GCs caused the aggregation of AB plaques, which further supports that GCs may be a
significant contributor to the onset or worsening of AD. The elevation in stress levels from
cortisol causes the exacerbation of AB plaques in ongoing AD pathogenesis [38,42].

Although there has been much emphasis that elevated levels of stress can increase
amounts of AR peptides, one study demonstrates the opposite. Justice et al., 2015 found that
cortisol can lower AP levels, which should be a notable consideration when further studying the
effects that GCs have on the formation of AB plaques [43]. They hypothesized that elevated and
depressed levels of cortisol can worsen the progression of AD [43]. As of now, this is the only
research found to show a decrease in AB levels. More research should be done on this
relationship to understand the effects that stress may have on AB plaques.
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Glucocorticoids and Neurofibrillary Tangles

Numerous studies show that ApB plaques and tau tangles affect one another [44,45].
Similar to the formation of AR plaques, tau tangles are also exacerbated by the presence of
GCs, which have been demonstrated in many research studies. Sotiropoulos et al., 2008 used
PC12-htau cells, which are differentiated rodent pheochromocytoma-derived neuronal cells
transfected with human tau, to explore the impact of AB [42]. They found that the neurotoxic
effects of AR in PC12-htau cells seemed to be potentiated after the administration of GCs [42].
These results align with the theory that AR accumulation is shown to come before significant tau
accumulation during AD pathology. Furthermore, it can suggest that tau may be vulnerable to
GCs, considering that GCs affect AR formation [46].

High concentration of phosphorylated tau is a key pathological feature in AD. Therefore,
the effect that stress has on tau phosphorylation should be reviewed. Despite the following
studies presenting different stress methodologies, they show a consistent result where
increased stress exposure elevates levels of phosphorylated tau. Rissman et al., 2007 showed
that 14 consecutive daily exposures to restraint stress shows an elevation and reduced solubility
of phosphorylated tau [47]. Lee et al., 2008 reported that after exerting restraint stress for 2
hrs/day for 16 days, there were higher levels of phosphorylated tau in phosphorylated sites,
specifically ser199, thr231, and ser296 [48]. Jeong et al., 2006 discovered that, after
administering chronic immobilization stress for 8 months to APPV717I-CT100 transgenic mice,
tau phosphorylation levels were higher in the hippocampal CA3 region, entorhinal cortex, and
piriform cortex of stressed mice compared to non-stressed mice [49]. So, these studies further
support that even with different methodologies they consistently demonstrate that exerting
stress on AD mouse model causes an increase in phosphorylated tau.

Glucocorticoids are part of an underlying mechanism of oxidative stress, and there is
evidence that oxidative stress can be another component to the pathophysiology of tauopathies
that contribute to AD. Measures of reactive oxygen species (ROS) are used in many studies as
markers for oxidative stress [50]. Kang et al., 2017 treated C58BL/6 mice with
1,2-diacetylbenzene (DAB), which is known to increase oxidative stress, to test the effect that
oxidative stress has on tau hyperphosphorylation in the hippocampus [51]. They found that
DAB-treated mice had tau hyperphosphorylation because of the ROS produced from DAB [51].
Finding hyperphosphorylation of tau is crucial as it is responsible for the formation of
neurofibrillary tangles [52]. Furthermore, tau pathogenesis can be a consequence of elevated
levels of oxidative stress. It has been shown that post-translational modifications in tau proteins
contribute to tau pathogenesis [53]. An increase in ROS has been shown to have a direct
correlation with post-translational modifications, which suggests that elevation of oxidative
stress could lead to tau post-translational modifications, and thus cause tau pathology [54,55].
Since the spreading of pathogenic tau contributes to the progression of AD, it can be suggested
that GCs aid in the process of oxidative stress and contribute to the progression of the disease.

Furthermore, there are many studies that continue to show the effect that stress has on
both the formation of AR plaques and tau tangles [40,56,57]. A clear link between
glucocorticoids and the two central hallmarks of AD can present another possible
neuropathology that should be further investigated to stop the worsening of the disease.

Role of Glucocorticoids in Neuroinflammation
Neuroinflammation is another notable contributor to the development and progression of
AD. Itis an inflammatory response in the brain that is activated by glial cells, specifically
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microglia and astrocytes, which then produce cytokines, chemokines, ROS, and secondary
messengers [58]. In early stages of AD, glial cells, primarily microglia, are activated by Ap and,
in turn, helps remove AB plaques [59]. So, microglia can provide a neuroprotective function in
AD [59]. However, as AD progresses, it creates a chronic inflammatory stimulus for glial cells
which causes these cells to become neurotoxic and possibly induce the formation of AR [59].
Glial cells, the main mediators for neuroinflammation, are one of the main targets for stress
hormones [60]. Due to their relationship, stress and GCs should be further researched to
discover if they can help prevent the worsening of neuroinflammation in AD patients.

Astrocyte Loss

There have been multiple studies showing that chronic stress can lead to a loss in
astrocytes or a decrease in gliogenesis for astrocytes, which can contribute to the development
of AD. In stress related disorders, such as major depressive and bipolar disorder, a decrease in
density and number of glial cells have been observed [61]. Furthermore, Sabolek et al., 2006
found that exposure of dexamethasone to mesencephalic neural precursor cells blocked
astroglial differentiation, which is what allows for regeneration and homeostasis, to occur
[62,63]. Moreover, using in vivo experiments, researchers found that chronic stress in rats
depleted gliogenesis in limbic structures, specifically the medial prefrontal cortex and
hippocampus [64]. A decrease in gliogenesis may result in a lower brain volume in those
affected brain regions. Interestingly, there is evidence that GCs are one of the factors leading to
a decrease in volume in AD targeted cerebral structures, like the hippocampus and entorhinal
cortex [65,66,67]. However, it is not not clear if the decrease in cerebral volume is solely due to
neurons or if depleted gliogenesis is a contributing factor. Future studies should investigate the
role of decreased gliogenesis in lower cerebral volume due to stress.

Chronic Microglial Activation

It is believed that the presence of AB plaques and tau tangles activate microglia cells to
help with the clearance of these toxic proteins. However, with increased formation of plaques
and tangles, microglia can not keep up with clearance, which results in the microglia becoming
dysfunctional, exerting toxic behavior, and encouraging the development of AD [68,69].
Researchers have found that elevated levels of GCs can result in the activation of microglia,
suggesting that stress may induce a pro-inflammatory response in the central nervous system
[70]. Sugama et al., 2007 exposed Wistar rats, a rodent model of AD, to restraint and water
immersion stress to discover that microglial activation appeared after 1 hour of exposure and
intensified after 2 hours [71]. Furthermore, after inflicting immobilization, social isolation, and
brief tail-shock stress to rodents, there was an increase in expression of interleukin-13 (IL-18),
which is a key pro-inflammatory cytokine in the rodent brain [71,72,73,74,75]. Chronic activation
of microglia cells can cause damage to neurons and be a contributing factor of
neurodegenerative disease, in this case AD [76]. One receptor that has been found to be
important in the regulation of microglia is the Triggering Receptor Expressed on Myeloid Cells 2
(TREMZ2). TREM2 regulates microglia responses to exert its neuroprotective effect [77].
Therefore, TREM2 may have an important role in slowing the progression of AD. Several
studies have come out supporting that, in AD rodent models, TREM2 promotes AR phagocytosis
and clearance [78,79]. Another study by Frank et al., 2008 supports that TREM2 expression
increased in microglia in plaque-filled regions of AD transgenic mice’s brains [80]. As of now,
there are yet to be studies that show the direct relationship between TREM2 and stress/GCs.
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However, there are some studies that indirectly connect oxidative and inflammatory stress with
TREM2 using neurovascular unit mechanisms [78,81,82,83,84]. They state that TREM2 may
have an important role in the neurovascular unit components that are controlled by oxidative
and inflammatory stress. Nevertheless, there needs to be more research conducted to
determine if there is a relationship between GCs and TREM2. Understanding the complex
relationship between stress or GCs and neuroinflammation can offer insights on discovering
ways to slow the aggravation of AD.

Glucocorticoids and the Cortisol Awakening Response (CAR)

The cortisol awakening response is a key component of the daily circadian cortisol
rhythm. Normal CAR increases one's cortisol levels within the first hour of waking up and
declines throughout the rest of the day [85,86,87]. Chronic stress has shown to change the CAR
in a bi-directional way. For example, in one study, exposure to chronic stress through academic
pressure was shown to decrease CAR in young men [88]. They claimed that the CAR was
decreased possibly due to the reduction of HPA axis activity after a long period of stress [88].
While, in another study, reduced distress responses were shown to have higher CAR increases
[85]. Additionally, Schulz et al., 1998 discovered that chronically stressed individuals showed a
larger increase in cortisol levels in their first hour of awakening, which indicates a higher CAR,
supporting the bi-directional effects that stress induces on the CAR [89]. Similarly to how GCs
can be a biomarker for HPA dysfunction, the CAR also can show if the HPA-axis is dysregulated
[16]. Irregularities in the CAR can be one of the biggest biomarkers for a dysfunctional HPA-axis
[90,91]. Disruption in neuroendocrine systems, like the HPA-axis, are shown to increase the risk
of developing neurodegenerative disorders, including AD [20,92]. Therefore, the relationship
that stress hormones have with the CAR can potentially cause disruption in the HPA-axis,
creating a higher risk for AD.

Impact of Glucocorticoids on Cerebral Structures

In a healthy brain, cerebral structures work with one another to create homeostasis.
However, if a stressor is added to the system, like an elevation of GCs levels, the stressor can
cause a disruption in the system of the brain and decrease its function. Patients with
Alzheimer’s disease not only show a notable decrease in cognitive function, but also
consistently exhibit differences in size of their cerebral structures. An extensive period of
exposure to GCs have been found to impair limbic structures, like the hippocampus and the
prefrontal cortex, which are crucial in cognitive functioning. The limbic system is a general
region of the brain that has been linked to emotional, memory and motivational processes that
connect other cerebral structures together [93]. Impairment done to cerebral structures by
elevated levels of GCs have been shown to be similar in damage and shrinkage in AD patients.

Entorhinal Cortex: Early Vulnerabilities and Damage

Researchers have found that the entorhinal cortex exhibits early signs of alterations
during AD that includes formation of neurofibrillary tangles and cell death [67]. During the MCI
state, tau tangles have already begun to form in the EC [67]. Layer Il of the entorhinal cortex
has been identified as one of the first areas to show neurodegenerative effects in AD patients
[94]. The EC contains high amounts of GRs which makes it more vulnerable for the effects of
high levels of GCs [95]. In research conducted by Igarashi, 2022, mouse models of preclinical
AD revealed early dysfunction of spike activity in the EC during preclinical stages, which is when
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there is usually lack of clear memory impairments [67]. This was followed by spike activity
impairments in the hippocampus during the dementia stage, where memory impairments
emerge [67]. Other findings have found that the accumulation of AB plaques and tau tangles
from the EC may spread to the hippocampus, where more damage and memory impairment can
proceed [96,97]. Due to their relatively close distance to each other, the hippocampus and the
EC exchange information and allow for a network to exist between these two structures. The
entorhinal-hippocampal circuit is critically involved in memory formation and retrieval, and
damages done to this circuit result in memory impairments [98,99]. The correlation between
these two cerebral structures allows for the progression of AD in the EC to further continue in
the hippocampus.

Hippocampal Atrophy and Memory Impairment

The hippocampus allows for an individual to consolidate information, including short-term,
long-term, and spatial memory [100]. It also contains a high concentration of GCs and is the
main cerebral structure that is involved in the negative feedback inhibition of stress responses
[101,102]. Damages to the hippocampal neurons in guinea pigs after elevated GC exposure
were first reported by der Mulen and Ockenfels, 1968 [103]. Later, Dronse et al., 2023
demonstrated the effects in the hippocampus between healthy individuals and individuals with
AD using serum cortisol levels [104]. They also discovered that high cortisol levels can result in
smaller global and regional gray matter volume, impaired cognitive functioning, cognitive
decline, and acceleration of hippocampal atrophy [65,66,105,106]. Frisoni et al., 2011 found
visible signs of hippocampus atrophy and reported that patients, at a mild stage of AD, have an
increased rate of hippocampal atrophy by 15-30% in comparison to healthy adults [107]. The
relationship between the hippocampus and GC levels created the glucocorticoid cascade
hypothesis. This hypothesis states that the hippocampus is damaged by elevated levels of GCs
which leads to lack of inhibitory control over the HPA axis. There are results from 30 years ago
that support this hypothesis which shows that higher cortisol levels in the AD group were found
to elevate hippocampal atrophy and dementia severity, and reduce cerebral metabolism [108].
In turn, this causes significantly higher levels of GCs, which further damages the hippocampus
[109]. High levels of GCs have been shown to cause hippocampal atrophy and decline in its
function. Since hippocampal dysfunction is a significant hallmark of AD, levels of GCs with its
relations to AD should be investigated further.

Amygdala Atrophy and Emotional Regulation

The amygdala’s role is to process emotional responses, such as fear, anxiety, and
aggression, as well as processing memories and making decisions [110,111]. Fowler et al., 2021
found with magnetic resonance imaging of children that the right amygdala was reduced in
volume with greater cortisol stress response, while there were no changes made to the left
amygdala or either hippocampi [112]. Although this research contradicts what was said
previously about hippocampus volume being affected by elevated levels of cortisol, there were
differences in the methodology between the two studies, as one study was conducted with
adolescents and the other was conducted with elderly. However, there are other studies with
similar methodology as Fowler et al., 2021 that shows a relationship with elevated cortisol and
reduced hippocampal volume in children [113,114,115]. The hippocampus and the amygdala
interact with each other to translate feelings of emotion into certain outcomes and work
synergistically to form long-term memories [116]. The LTP process was examined at the
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hippocampus after stress was induced on the amygdala through exposure to electrical
stimulation and swim stress [117]. Electrical stress stimulation on the amygdala for 30 seconds
facilitated the hippocampal LTP, but stimulation one hour before testing impaired it [117]. This
can suggest that stress on the amygdala can promote further aggression of memory impairment
in AD patients. However, there are many published studies that show inconsistent magnitudes
of atrophy on the amygdala in AD patients and the magnitude of its atrophy compared to the
hippocampus [118]. Further, it is difficult to discover if GC levels do have a significant effect in
the amygdala of AD patients as there aren’t enough studies conducted to conclude a
relationship. So, even though there are aspects to amygdala atrophy that may be correlated in
mild stages of AD, they are currently inconsistent and do not have direct correlations with GCs.

Prefrontal Cortex and Cognitive Decline

The prefrontal cortex is another region of the brain that interacts with the limbic system
that specializes in decision-making and controlling stress [119]. Like the hippocampus and the
EC, the medial prefrontal cortex is also targeted by GCs due to the presence of GRs [120].
Cook and Wellman, 2004 found that there were reductions of apical dendrites in stressed male
rats in number and length by 18 and 32%, respectively [121]. Apical dendrites are one of the two
types of dendrites that emerge from the apex of the pyramidal cells, and layer Il pyramidal cells
are found in the prefrontal cortex [122,123]. They also concluded that reduction in apical
dendrites may have reflected the atrophy observed of terminal branches, which reduced in
number and length by 19 and 35% [121]. So, higher levels of stress lead to atrophy in the
prefrontal cortex which can contribute to functional changes, such as in cognitive skills [121].
Also, the prefrontal cortex is responsible for a huge part in regulating the HPA-axis, which
introduces the question if there is a relationship between glucocorticoids, the prefrontal cortex,
and the dysfunctioning of the HPA-axis [124].

Due to the overwhelming trials that show the effects that high levels of GCs have on
cerebral structures correlating to AD, impairment occurring in these limbic structures and
potentially other cerebral structures should be further investigated by researchers in order to
determine their pathological contribution to the development of the disease.

Conclusion

This review consistently observed that elevated levels of GCs are correlated with an
increased risk and progression of AD. More specifically, there exist significant impacts that GCs
have on AD pathology like AB peptide plaques and tau tangles, neuroinflammation, the CAR,
and cerebral structures. It was found that elevation in GCs caused further exacerbation of
plaques and tangles, reduction in cerebral volume, chronic activation of glial cells,
neuroinflammation, and disruption of the HPA-axis. These findings demonstrate the importance
of regulating GC levels and avoiding chronic stress as a potential way to prevent an increased
risk of developing the disease. It also can suggest potential interventions to block the adverse
effects that AD inflicts on the brain. Although there is overwhelming evidence that shows an
indirect relationship with GCs and AD, there needs to be more research conducted on the direct
relationship between elevation of GCs and the progression of AD. In conclusion, elevated levels
of GCs demonstrate a significant role in the development and progression of AD. Also, as there
is currently no cure or prevention, it is important for researchers to investigate potential factors
that may provide a solution to this incurable neurodegenerative disease. By advancing the
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current knowledge of the complexities of this disease, effective interventions can be developed
to improve the outcomes for individuals affected by AD.
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