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 Abstract: Depression and Alzheimer’s disease (AD) are two prevalent and debilitating conditions 
that significantly impact millions of people worldwide. Depressive disorders are characterized by 
persistent feelings of sadness, loss of interest, and impaired cognitive function. AD is a progressive 
neurodegenerative disorder that is accompanied by cognitive decline, memory loss, and behavioral 
changes. To date, the pathogenesis of AD and depression has not yet been fully explained. Recent 
studies have provided insights into the intricate relationship between these two disorders by empha-
sizing the role of glucose metabolic abnormalities as a potential link. This review explores the bidi-
rectional association between depression and AD, focusing on common pathophysiological mecha-
nisms involving glucose metabolism, such as hypothalamic-pituitary-adrenal (HPA) axis dysregula-
tion, insulin resistance, glucose transporters, and oxidative stress. Understanding the crosstalk be-
tween glucose metabolic abnormalities, depression, and AD will open new avenues for therapeutic 
interventions. Finally, improving glucose metabolism through lifestyle modifications, pharmaceuti-
cal interventions or novel therapeutic approaches could provide a promising therapeutic strategy for 
managing both conditions simultaneously. 
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1. INTRODUCTION 

 Alzheimer’s disease (AD) is the most common form of 
dementia [1]. It is characterized by the progressive deteriora-
tion of memory and cognitive function, along with the de-
velopment of primary progressive aphasia, self-dissociation, 
and behavioral abnormalities [2, 3]. AD affects over 50 mil-
lion people worldwide, and the number is expected to triple 
over the next four decades [4]. So far, there has been no ef-
fective treatment to decrease progression due to in adequate 
understanding. Furthermore, AD is primarily associated with 
two irreversible pathologies, a cluster of neurofibrillary tan-
gles and amyloid plaque conformation, which are accompa-
nied by synaptic loss and neuronal death [5, 6]. Metabolic 
dysfunction including impaired glucose metabolism, is an-
other important feature of AD, and, patients and transgenic 
AD model mice display a reduced brain glucose metabolism 
[7]. Recent studies have shown that diabetes mellitus type 2 
(T2DM) and AD share common pathogenesis features linked 
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to glucose metabolic abnormality, insulin resistance, oxida-
tive stress, and inflammation [8-13]. 
 Depression is a common mental health disorder marked 
by persistent feelings of sadness, hopelessness, and lack of 
interest [14]. Over 264 million people worldwide suffer from 
depression, which is a leading cause of disability [15]. Re-
cent research has suggested a potential bidirectional relation-
ship between depression and glucose metabolism [16]. De-
pression may disrupt and glucose metabolism, lead to meta-
bolic disorders such as diabetes [17]. T2D is associated with 
an increased risk of depression [18]. Hyperglycemia, oxida-
tive stress, and neuroinflammation induced by T2D have 
been demonstrated to induce depression-like behavior in 
diabetic mice [18, 19]. On the other hand, metabolic disor-
ders can worsen depressive symptoms, resulting in a detri-
mental cycle [20]. 

 However, the exact causes of AD and depression are not 
yet fully understood, recent studies have highlighted glucose 
metabolic abnormalities as potential links between these 
disorders [21]. Usually, both disorders are viewed as sepa-
rate conditions; however, emerging evidence suggests a bidi-
rectional relationship between depression and AD [22]. Fur-
ther, understanding the role of glucose metabolism may un-
ravel both disorders’ complexity and identify common 
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treatment pathways, providing a promising avenue for future 
investigations. Cells require glucose for energy, and their 
levels should be controlled in the body and cells. Nonethe-
less, impaired glucose uptake affects mitochondrial ATP 
production and can cause AD and depression [7, 23, 24]. 
Additionally, depression and AD are associated with dysreg-
ulation of the hypothalamic-pituitary-adrenal (HPA) path-
way, which regulates immune function and brain glucose 
metabolism [25-27]. Thus, it is necessary to explore new 
treatment strategies for AD and depression based on their 
pathogenesis. Some drugs target glucose metabolism disor-
ders and improve brain metabolism and regeneration by re-
ducing the neuropathology associated with AD and depres-
sion. This review provides molecular insights into the com-
mon pathogenic mechanisms that link these disorders. 

2. PATHOLOGICAL FEATURES OF ALZHEIMER’S 
DISEASE AND DEPRESSION 

 Dr. Alois Alzheimer first reported the neuropathological 
characteristics of AD in 1907 [28]. Extracellular neuritic 
plaques containing misfolded amyloid-beta (Aβ) proteins 
and intraneuronal neurofibrillary tangles (NFTs), caused by 
the accumulation of hyperphosphorylated tau proteins, are 
the main features of AD [29-31]. Several factors, such as 
genetics, neurotransmitters, glucose metabolic abnormalities, 
reactive oxygen species (ROS), and inflammation, play im-
portant roles in developing this multifactorial disorder (Fig. 
1) [32-37]. Generally, depression is defined by constant feel-
ings of sadness and a lack of interest in activities that are 
usually enjoyed, and symptoms include energy loss, change 

in appetite, anxiety, or feelings of worthlessness [38]. How-
ever, severe depression can lead to self-harm or suicide [39]. 
Although the fundamental mechanisms underlying depres-
sion remain unknown, alterations in neurotransmitter sys-
tems, neuroinflammation, and neuroendocrine dysregulation 
have all been implicated in this disorder [40-44]. 

2.1. Tau in Alzheimer’s Disease 

 Accumulation of phosphorylated Tau is the main patho-
logical feature of AD [45]. Tau is essential for maintaining 
neuronal structure and function, regulating the assembly and 
stabilization of microtubules, and nutrient transport within 
nerve cells [46]. However, abnormal Tau protein undergoes 
many alterations that lead to the formation of neuronal tan-
gles, impaired nutrient transport, and, ultimately, cell death 
in AD [47]. Tau is a component of the normal microtubule 
network and is essential for axonal transport and communi-
cation between axonal compartments and somatodendritic 
regions [48]. However, the accumulation of Tau tangles is 
thought to contribute significantly to the cognitive decline 
observed in AD [49]. The hyperphosphorylation of Tau pro-
teins forms these tangles [50]. This hyperphosphorylation 
leads to the detachment of Tau proteins from microtubules, 
consequently clustering together and forming neurofibrillary 
tangles [51]. These tangles block the transport system, even-
tually leading to neuronal death [52]. 
 Interestingly, research indicates that the accumulation of 
Tau tangles in the brain is more closely associated with cog-
nitive decline in AD than beta-amyloid plaques, suggesting 
that Tau pathology is more closely related to neurodegenera-

 
 

Fig. (1). Multifactorial basis of the features of Alzheimer’s disease. Hypotheses regarding genetics, neurotransmitters, glucose metabolic 
abnormalities, reactive oxygen species (ROS), and inflammation have been promoted to explain this multifactorial disorder. Aβ production 
increases with APP, APOE, PSEN1 and PSEN2 gene mutations, leading to impairment of neuronal activities. Neurotransmitters including
acetylcholine, neuropeptide, and norepinephrine impair synaptic functions. ROS activates inflammatory pathways and disrupts synaptic func-
tion in AD. Tau hyperphosphorylation and glucose metabolic abnormalities could cause AD. (A higher resolution/colour version of this fig-
ure is available in the electronic copy of the article). 
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tion [53]. The progression of Tau tangles throughout differ-
ent brain regions is related to the development of clinical 
symptoms in AD. Further, recent studies have suggested that 
Tau protein may contribute to the spread of AD within the 
brain [54]. It is hypothesized that abnormal Tau proteins can 
be transferred from one neuron to another, triggering recipi-
ent neurons to develop Tau tangles [55]. As Tau pathology 
spreads from the initial sites to other areas of the brain, this 
mechanism could explain the progressive nature of AD [56]. 
The significance of Tau in AD has spurred increased interest 
in developing novel therapeutic approaches targeting Tau. 
These therapeutics are designed to inhibit Tau phosphoryla-
tion, prevent its aggregation, and potentially modify the 
course of AD. 

2.2. Genetics of Depression 

 Depression is a complex disorder resulting from a com-
bination of genetic, biological, environmental, and psycho-
logical factors (Fig. 2) [40]. Chemical imbalance is a com-
mon factor contributing to depression in the brain [57]. Neu-
rotransmitters such as serotonin and dopamine are critical in 
regulating mood and emotions [58]. 
 Studies have demonstrated that a positive family history 
is one of the most important risk factors for developing de-
pressive disorder (40-50%) [59]. One of the key genes asso-
ciated with depression is the serotonin transporter [60]. Sero-
tonin regulates mood, memory, sleep, and body temperature, 
and low serotonin levels are associated with depression [61]. 
Selective serotonin reuptake inhibitors (SSRIs) are common-

ly prescribed to increase the serotonin levels in the brain 
[62]. SSRIs elevate the concentration of 5-hydroxy-
tryptamine (5-HT) in the synaptic spaces of serotoninergic 
neurons, leading to a therapeutic impact on depression [63]. 
Various 5-HT receptors, such as 5-HT1A and 5-HT1B, 
modulate depression and mood-related behaviors [64]. Be-
havioral depression is closely related to 5HT1A deficiency 
and disruption of the cAMP/PKA/CREB pathway in the hip-
pocampus [65]. Depression caused by chronic stress is char-
acterized by an increase in serum corticosterone (CORT), a 
decrease in serotonin, and an elevated level of IFN-γ and 
TNF-α in the frontal cortex of rats [66]. Another gene in-
volved in depression is brain-derived neurotrophic factor 
(BDNF), which plays a vital role in neuronal growth and 
survival, and its decreased levels are linked to depression 
[67]. Additionally, BDNF gene variations have been linked 
to an increased risk of developing depression, as they can 
affect the brain’s ability to adapt and respond to stress asso-
ciated with 5-HT [68]. 5-HT receptor stimulation produces 
rapid and sustained antidepressant-like effects by activating 
the BDNF-mTOR signaling pathway in the medial prefrontal 
cortex [69]. In addition to these genes, some studies have 
identified several other genetic variations associated with an 
increased risk of developing depression. Opioid receptors are 
widely distributed in the frontal cortex and limbic regions, 
such as the amygdala and hippocampus, and are involved in 
mood and pain [70]. Dopamine plays a major role in regulat-
ing rewards, mood enhancement, and overcoming depression 
and aversion [71]. Gamma-aminobutyric acid (GABA), an 
inhibitory neurotransmitter, affects approximately one-third 

 
 

Fig. (2). Depression is a complex disorder resulting from a combination of genetic, biological, environmental, and psychological factors. 
Serotonin, Dopamine and GABA gene mutations, leading to impairment of neuronal activities. Biological factors including activated micro-
glia, inflammasome activation, ROS activates inflammatory pathways and glucose metabolic abnormalities leads to depression. Comorbidi-
ties, such as environmental, psychological factors could also cause depression. (A higher resolution/colour version of this figure is available 
in the electronic copy of the article). 
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of neurons in the brain and has been shown to be effective in 
treating depression and mania [72]. In depression, an in-
crease in glutamate and glutamine levels is associated with a 
decrease in GABA levels, and glutamate stimulation toxicity 
causes GABA dysfunction [73]. 

2.3. Glucose Metabolism and Alzheimer’s Disease 

 The human brain utilizes 20% of the glucose; it requires 
a great deal of energy mainly to uphold the synaptic activity; 
95% of glucose is employed in the generation of ATP [74]. 
This is the reason that alterations in glucose metabolism led 
to harm to cell regulation, as reduced ATP can impact proper 
synaptic function. A large part of the process is independent 
of insulin regulation. Nevertheless, there are insulin recep-
tors in diverse brain regions, influencing such processes as 
memory, cognition, and the regulation of energy metabolism 
[75]. Glucose homeostasis is critical for inhibiting AD, as 
reduced glucose levels in the CSF and brain can increase 
synaptic inactivity and the risk of AD [76]. According to 
previous studies, individuals with diabetes have a higher risk 
of developing AD than those without [77]. Also, AD is char-
acterized by impaired glucose metabolism in the brain, often 
referred to as “type 3 diabetes [78]”. Further, AD patients 
observed reduced glucose metabolism and utilization in af-
fected brain regions using the positron emission tomography 
(PET), such as the hippocampus and frontal cortex, which 
leads to cognitive decline and neurodegeneration [79]. Sev-
eral expressions of glucose transporters were reduced in the 
brain of AD model mice [80]. Inside cells, glucose is metab-
olized either through the pentose phosphate pathway (PPP) 
or by means of glycolysis [81]. Hexokinase (HK) is the first-
step catalytic enzyme, and phosphofructokinase (PFK) is 
another rate-limiting enzyme in glycolysis, while glucose-6-
phosphate dehydrogenase (G6PD), which is regarded as one 
of the most crucial enzymes for controlling the rate-limiting 
step of the PPP, their activities were discovered to be de-
creased in the cortex and hippocampus [82]. In addition, the 
effects of insulin on the brain, which can lead to mitochon-
drial dysfunction, oxidative stress, and inflammation, are key 
factors in glucose dysregulation [35, 83]. These glucose met-
abolic abnormalities in AD are thought to be activated by 
amyloid-beta-induced insulin resistance, mitochondrial dys-
function, and oxidative stress [84]. Moreover, these process-
es cause neuronal damage and cognitive decline by disrupt-
ing energy production, impairing synaptic function, and 
promoting neuroinflammation [85]. Thus, it is possible that 
although brain glucose metabolism impairment can relate to 
AD, the mechanism is still inconclusive [86]. High blood 
glucose levels can also negatively affect the brain because 
excess glucose can form toxic protein aggregates known as 
amyloid plaques, which involves a glucose analog to evalu-
ate glucose metabolism in the brain, has been proposed as a 
potential biomarker for AD [87].  

2.3.1. Mechanisms Linking Glucose Metabolism and AD 

 Insulin is a hormone that regulates glucose metabolism. 
The peripheral regions of the body need insulin to activate 
the signaling that enables the translocation of glucose trans-
porters, facilitating the entry of glucose into the cell [88]. For 
instance, the insulin signaling pathway governs the translo-

cation of GLUT4 to the plasma membrane [89]. It involves 
the binding of insulin to its receptor (a tyrosine kinase), 
which will phosphorylate the substrate proteins of the insulin 
receptor (IRS1/2) and recruit adaptors to the PM, like phos-
phatidylinositol 3-kinase (PI3K). PI3K raises phosphatidyl-
inositol 3,4,5-trisphosphate (PIP3) at the PM, resulting in the 
activation of protein kinase B [89]. In the central nervous 
system (CNS), insulin must cross the blood-brain barrier 
(BBB) and bind to its receptor, and the conformational alter-
ation of which leads to the enzymatic activity of tyrosine 
kinase and the autophosphorylation of the receptor [90]. In 
addition to glucose homeostasis, it is important for maintain-
ing brain function, including neuronal function, promoting 
the creation of new memories, and regulating neurotransmit-
ter levels in the brain (Fig. 3) [91]. However, insulin re-
sistance associated with type 2 diabetes can cause the brain 
to resist the effects of insulin, impair cognitive function, and 
increase the risk of developing AD [92]. According to these 
studies, insulin resistance impairs glucose uptake in the brain 
and promotes the accumulation of amyloid-beta plaques, 
resulting in energy deficits and neuronal dysfunction [93]. 
Also, it has been found that insulin resistance and diabetes 
may contribute to the development of AD through other 
mechanisms, such as mitochondrial dysfunction, oxidative 
stress, and neuroinflammation, along with glucose dysregu-
lation in the brain [94]. Further, insulin resistance (IR) in-
creases the production of inflammatory molecules in the 
body and promotes the progression of neurodegeneration. 
IRs are extensively expressed in diverse brain regions, such 
as the hypothalamus, hippocampus, cerebral cortex, striatum, 
cerebellum, choroid plexus, and olfactory bulb. IR along 
with insulin-like growth factor 1 (IGF1) resistance (IGF1R) 
has been stated to be present in neurons from the human 
postmortem hippocampi of AD subjects, entailing flaws in 
the signaling cascades after insulin receptor activation along 
with resistance (IGF1R) has been stated to be present in neu-
rons from the human postmortem hippocampi of AD sub-
jects, involving defects in the signaling cascades after insulin 
receptor activation [95]. Insulin signaling is vital for neu-
ronal growth, as it regulates neurotransmission and synaptic 
plasticity via the Mitogen-Activated Protein Kinase (MAPK) 
and Akt signaling pathways [92, 96]. Dysregulation of these 
pathways is essential for producing Aβ, which increases the 
activation of glycogen synthase kinase 3β (GSK3β) to en-
hance Tau phosphorylation [97]. Impaired insulin signaling 
is related to the accumulation of neurotoxic Aβ and hyper-
phosphorylated Tau through decreased PI3K/AKT signaling 
and enhanced activation of GSK3β [98]. Additionally, it was 
demonstrated that IR/IGF1R in AD brains involves de-
creased receptor binding and IRS/PI3K/PKB pathway activa-
tion, along with reduced anti-apoptosis-related mechanisms 
of insulin/IGF1 [99]. Conversely, Aβ can disrupt insulin sig-
naling and downregulate the PI3K/Akt pathways [100]. Fur-
thermore, there is increased expression of brain insulin re-
sistance markers, IRS-phosphorylated at serine 616 (IRS-1 
pS616) and IRS-1 pS636/639, in the hippocampus and cerebellar 
cortex of AD patients without T2DM [101]. 
 Furthermore, Yang et al. reported that the cortical and 
hippocampal PDK1 phosphorylation at Ser241 in AD mice 
increases with aging, which subsequently increases Akt 
phosphorylation at Thr308 and Ser473, which significantly 
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Fig. (3). Specific mechanisms by which aging improves AD glucose metabolism. Insulin regulates glucose metabolism in liver, muscle, and 
brain. Glucose across the blood brain barrier and it is transported into astrocytes via glucose transporter (GLUT) 1, whereas the major trans-
porters of glucose in neurons and microglia are GLUT3 and GLUT5. (A higher resolution/colour version of this figure is available in the 
electronic copy of the article). 

increases within the hippocampus and cortex of 3xTg-AD 
mice [102]. Increased phosphorylation of PRAS40 at Thr246 
leads to Akt hyperactivity in AD [103], which is also ob-
served in the brains of aged mice [102]. Akt activity is up-
regulated in the aged fruit fly after treatment with growth 
factor. In contrast, RNAi downregulated Akt phosphoryla-
tion and decreased neuronal death, thereby improving starva-
tion conditions and locomotor activity in aged and Aβ42-
induced flies [104]. However, the exact molecular mecha-
nisms that associate the origin of AD disease with glucose 
and insulin metabolic alterations are still unclear.

2.3.2. Glucose Transporters and AD 

 Glucose transporters or glucose transport proteins 
(GLUTs) are a family of proteins that facilitate glucose 
transport into cells [105]. GLUT1 is the predominant trans-
porter responsible for transporting glucose across the blood-
brain barrier and into neurons [106]. Studies have shown that 
abnormalities in glucose metabolism and transporters play 
critical roles in AD pathogenesis [79]. Additionally, post-
mortem studies of AD patients have revealed a decrease in 
GLUT1 expression in the affected regions of the brain, 
which proves that impaired glucose transport may contribute 
to the energy deficits observed in AD [107]. Aβ inhibits the 
activity of GLUT1, leading to decreased glucose metabolism 
in neurons [108]. This impaired glucose metabolism can 
damage neuronal function and contribute to the progression 
of AD. In addition to GLUT1, other glucose transporters, 

such as GLUT3 and GLUT4, have also been implicated in 
AD. GLUT3 acts as the neuron-specific glucose transporter, 
it is largely observed in the brain, and has been considered as 
fundamental for neuronal glucose supply. Both GLUT1 and 
GLUT3 are insulin independent for membrane translocation. 
The hippocampal GLUT4 protein the same functional role it 
plays in the classic insulin-sensitive tissues [108]. Research 
has demonstrated that alterations in the expression and func-
tion of these transporters may affect glucose uptake and me-
tabolism in the brain, further exacerbating the energy deficits 
observed in AD [109].
 Although dysregulated glucose metabolism, insulin re-
sistance, altered GLUT expression, and glycation contribute 
to the development and progression of AD, future research is 
required to elucidate the precise mechanisms and develop 
effective therapeutic interventions. Nonetheless, targeting 
glucose metabolism has great potential to reduce the impact 
of AD and improve the quality of life of affected individuals. 
The relationship between glucose dysregulation and AD em-
phasizes the importance of maintaining healthy blood glu-
cose levels to maintain brain health. Moreover, individuals 
can manage the risk of developing AD by adopting a healthy 
lifestyle, including regular exercise, a balanced diet, and 
proper management of chronic conditions such as diabetes. 
However, these findings provide valuable insights into po-
tential strategies for prevention and treatment. Further stud-
ies are needed to fully understand the complex relationship 
between glucose dysregulation and AD.
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2.4. Glucose Dysregulation in Depression 

 Depression is associated with several physiological 
changes that affect the glucose metabolism [110]. Based on 
the study, individuals with depression had reduced glucose 
metabolism in certain regions, particularly the prefrontal 
cortex and hippocampus of the brain [111]. Further, it has 
been proved that this decrease in glucose metabolism may 
lead to impaired brain function and contribute to depressive 
symptoms [112]. Another study revealed that individuals 
with depression have higher levels of insulin resistance, 
which leads to elevated blood glucose levels [113]. Insulin 
resistance is linked to inflammation and oxidative stress, and 
may disrupt glucose metabolism in the brain, leading to 
mood and behavioral changes [114]. Moreover, multiple 
mechanisms have been proposed to explain the relationship 
between glucose metabolism and depression, including the 
dysregulation of the HPA axis, inflammation-induced insulin 
resistance, oxidative stress, and impaired mitochondrial 
function (Fig. 4) [115, 116]. These processes can disrupt 
neuronal homeostasis, leading to depressive symptoms. 
 The HPA axis is a complex communication system be-
tween the hypothalamus, pituitary gland, and adrenal glands 
that regulates the body’s response to stress [117]. Dysregula-
tion of the HPA axis results in abnormal cortisol levels and 
depression by contributing to its symptoms, such as fatigue, 
irritability, and difficulty concentrating [118, 119]. Addition-
ally, studies have shown that individuals with depression 
tend to have higher cortisol levels [120]. Prolonged psycho-
logical stress has been associated with adverse effects on 
HPA axis function, increasing the risk of depression [121]. 
Studies have shown that prolonged exposure to high cortisol 
levels can damage the hippocampus, a brain region that is 
important for memory and emotional regulation [122]. This 
damage can further increase symptoms of depression, mak-
ing it more difficult for individuals to cope with stress, this 
hyperactivity depression disorder can increase cortisol levels, 
a hormone that can impair insulin sensitivity and lead to glu-
cose dysregulation [123]. Elevated levels of glucocorticoid 
(GCs) over an extended time are associated with neuronal 
damage and apoptosis and have been observed in individuals 
with AD and depression [124]. Moreover, the treatment of 
depression often involves a combination therapy, medica-
tion, and lifestyle changes. 

2.5. Oxidative Stress and Neuroinflammation in the 
Pathogenesis of AD and Depression 

 Mitochondria, the powerhouses of cells responsible for 
producing energy, and disruptions in their function have 
been observed in individuals with AD [125]. Therefore, mi-
tochondrial function, oxidative stress, and inflammation may 
play a role in the association between glucose metabolism 
and AD. Mitochondrial dysfunction is a pathological link 
between blood glucose and AD, which can reduce mitochon-
drial respiration and decrease energy synthesis, causing syn-
aptic injury and AD development in diabetic mice [126]. 
Further studies have revealed that Aβ leads to mitochondrial 
dysfunction and induces metabolic disorders, including the 
tricarboxylic acid (TCA) cycle [127]. Next, mitochondrial 
dysfunction is associated with oxidative stress and inflamma-
tion. Oxidative stress occurs when an imbalance between 

free radicals and antioxidants is implicated in AD develop-
ment [128]. They can also cause mitochondrial dysfunction 
and neuronal death. Inflammation, which is the body’s re-
sponse to injury or infection, plays a role in AD progression 
[129]. Reactive oxygen species (ROS) are molecules pro-
duced during normal cellular metabolism that can damage 
cellular components such as proteins, lipids, and DNA, lead-
ing to dysfunction and, ultimately, cell death [130]. Although 
ROS play essential roles in various physiological processes, 
excessive ROS production can cause oxidative stress, which 
has been implicated in the pathogenesis of several neuro-
degenerative diseases, including AD [131]. In the brain, oxi-
dative stress contributes to the formation of beta-amyloid 
plaques and neurofibrillary tangles, which are characteristic 
features of AD [132]. Additionally, ROS have been shown to 
activate inflammatory pathways and disrupt synaptic func-
tion, further exacerbating neurodegenerative processes [133]. 
In support of this, several studies have evidenced the in-
creased levels of ROS and markers of oxidative damage in 
the brains of AD patients [134]. Furthermore, genetic and 
environmental factors that promote ROS generation or im-
pair antioxidant defense mechanisms are associated with 
disease development [135]. For instance, mutations in genes 
encoding antioxidant enzymes, such as superoxide dismutase 
and glutathione peroxidase, are linked to an increased risk of 
AD [136]. Since oxidative stress plays a significant role in 
AD, targeting ROS and restoring redox balance has emerged 
as a potential therapeutic strategy. Antioxidants, such as vit-
amin E, vitamin C, and polyphenols, reduce oxidative dam-
age and improve cognitive function in AD [137]. However, 
clinical trial outcomes investigating the efficacy of antioxi-
dant therapy in humans have been inconsistent, emphasizing 
the challenges of targeting oxidative stress in AD patients. 
 It has been evidenced from studies that individuals with 
depression have higher levels of ROS and lower levels of 
antioxidants [138], which neutralize ROS and prevent oxida-
tive damage [139]. An imbalance between ROS and antioxi-
dant levels can lead to oxidative stress [140]. Furthermore, 
oxidative stress influences various neurotransmitter systems 
in the brain, including serotonin, and may disrupt normal 
function and lead to inflammation in the brain [141]. In addi-
tion, several studies have demonstrated the effectiveness of 
antioxidants, either alone or in combination with traditional 
antidepressants, in reducing oxidative stress and improving 
the symptoms of depression [142]. Although targeting oxida-
tive stress with antioxidant therapy may lead to the develop-
ment of novel and more effective treatments for depression, 
further research is required to fully understand the role of 
ROS in depression. In conclusion, insights into oxidative 
stress in depression may help researchers develop novel 
therapeutic strategies by targeting this underlying mecha-
nism and improving outcomes for individuals with depres-
sion. 
 Neuroinflammation is a significant factor in the devel-
opment of depression [13]; patients exhibit increased plasma 
levels of proinflammatory cytokines (IL-1, IL-6, IL-8, IL-12, 
IL-1β, and interferon-γ) and decreased levels of anti-
inflammatory cytokines (IL-4, IL-10, and TGF-β1) [143]. As 
this suggests a relationship between inflammation and de-
pression, the exact nature of this association remains under 
investigation. Chronic inflammation can affect the balance of 
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Fig. (4). Depression is associated with several physiological changes that affect the glucose metabolism. Multiple mechanisms have been 
proposed to explain the relationship between glucose metabolism and depression, including the dysregulation of the HPA axis, inflammation-
induced insulin resistance, oxidative stress, and impaired mitochondrial function. (A higher resolution/colour version of this figure is availa-
ble in the electronic copy of the article). 

 
 

Fig. (5). Glucose metabolic abnormalities to depression and AD. The relationship between depression, AD, and abnormalities in glucose me-
tabolism suggests a complex interaction between these conditions. Understanding the intricate relationships between these disorders can lead 
to the development of innovative therapeutic strategies that target metabolic irregularities. (A higher resolution/colour version of this figure is 
available in the electronic copy of the article). 
 
neurotransmitters in the brain, such as serotonin and dopa-
mine, which are crucial for mood regulation [144]. Inflam-
mation may also impact the brain structure and function, 
particularly in regions involved in emotional processing and 
stress responses [145]. Brain areas important to emotional 
regulation have been shown to be directly influenced by ex-
cess activation of brain cytokine networks [146]. Microglia 

is the primary inflammatory cell type in the brain, it can pro-
duce proinflammatory cytokines [147]. Brain regions such as 
the hippocampus, amygdala, and anterior cingulate cortex 
have been reported to particularly be influenced by increased 
cytokine levels, which are areas that have been repeatedly 
associated with depression [148]. Inflammation can lead to 
oxidative stress, an imbalance between free radicals and an-
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tioxidants in the body, and cause damage to tissues and or-
gans, resulting in many diseases [149]. Oxidative stress plays 
a pathogenic role in chronic inflammatory diseases, antioxi-
dant defenses are diminished and oxidative stress is elevated 
in depression. 
 Inflammation is a crucial pathophysiological link be-
tween major depression and metabolic syndromes, including 
glucose levels [150]. Higher concentrations of chemokines 
and IL-6 have also been observed in patients with depression 
[151]. Proinflammatory cytokines may cause a decrease in 
serotonin levels, as well as neurogenesis and synaptic plas-
ticity-physiological states linked to depression [152]. Thus, it 
can interact with virtually all pathophysiological changes 
that characterize major depression, thereby influencing neu-
rotransmitter function, synaptic plasticity, and neuronal 
structure. As a result of immune activation, changes in the 
tryptophan-kynurenine pathway play a significant role in 
dysfunctional neurotransmitter systems in the brain and con-
tribute to changes in the brain structure and function that 
characterize depression [153]. Therefore, the neuroinflam-
mation caused by the accumulation of β-amyloid, the 
dysregulated activity of microglia and the loss of neuropro-
tective functions emphasizes the central role of inflammatory 
processes in the pathophysiology of depression and dementia 
[154]. Consequently, there is synaptic dysfunction and ex-
tensive neuronal damage influencing regions that are crucial 
for cognitive and emotional control. This series of events 
highlights potential targets for therapeutic interventions that 
aim to regulate neuroinflammatory pathways in the context 
of depressive and neurodegenerative disorders. 

3. DEPRESSION AS A RISK FACTOR FOR AD 

 Depression is a potential risk factor for AD [155]. Some 
studies have shown that individuals with depression are more 
likely to develop AD later in their life [156]. Further, depres-
sion is present in approximately 50% of patients with AD. 
Various potential mechanisms have been proposed to explain 
the connection between depression and AD [156], including 
neuroinflammation, oxidative stress, dysregulation of the 
HPA axis, and changes in the neurotransmitter systems [157-
159]. Next, changes in cortisol levels and hippocampal atro-
phy due to depression may further increase the risk of AD 
[160] Disruptions in glutamatergic synaptic signaling and 
decreased BDNF levels are also contributing factor [161]. 
For instance, chronic stress and inflammation associated 
with depression can damage brain cells and increase the pro-
duction of Aβ plaques [162]. Moreover, depression can alter 
the structure and function of the brain by reducing the hippo-
campal volume and impairing neurotransmitter function 
[163]. By the way, methylglyoxal (MG) acts as the conse-
quences of alterations in glucose regulation and its associa-
tion with depression and AD. For example, MG is increased 
in T2DM and may be a significant mediator of the overlaps 
of major depressive disorder (MDD) with AD [164, 165]. 
MG can arise in any cell, typically as a consequence of hy-
perglycemia. MG is associated with stress-induced MDD 
with cognitive deficits, as seen in preclinical models as well 
as being an AD risk factor [166, 167]. The damaging effects 
of MG are typically modelled as being mediated by its role 
as a precursor for the production of advanced glycation end 

products (AGE), which activate the receptor for AGEs 
(RAGE). RAGE activation is intimately linked to stress/ 
depression and AD [168, 169]. As well as T2DM, MG is 
increased exclusively in astrocytes in the CNS, as shown in 
the spontaneously hypertensive rodent model [170], suggest-
ing that MG may be an important coordinator of wider meta-
bolic syndrome and the association of metabolic syndrome 
with a diverse array of medical conditions, including MDD 
and AD [171, 172]. Recent work has highlighted the im-
portance of astrocytes in the association of MDD with AD 
[173]. 

CONCLUSION 

 Understanding the relationship between glucose metabol-
ic abnormalities, depression, and AD offers new treatment 
possibilities. Targeting glucose metabolism through lifestyle 
changes, medications, or innovative therapies may be a 
promising approach for simultaneously managing both con-
ditions. Abnormalities in glucose metabolism play a signifi-
cant role in the association between depression and AD. The 
shared pathophysiological mechanisms related to disrupted 
glucose metabolism contribute to the onset and progression 
of both disorders. Future research must uncover the underly-
ing molecular pathways and identify potential therapeutic 
targets for effective management and prevention of debilitat-
ing conditions. Glucose metabolism is a critical process that 
provides energy for cellular functions, and its disruption can 
lead to various health conditions. Further, recent studies have 
linked glucose metabolic abnormalities to neurological dis-
orders such as depression and AD. Additionally, both condi-
tions have been linked to glucose metabolic abnormalities, 
suggesting potential crosstalk between the two diseases. Al-
so, the relationship between depression, AD, and abnormali-
ties in glucose metabolism suggests a complex interaction 
between these conditions. Understanding the intricate rela-
tionships between these disorders can lead to the develop-
ment of innovative therapeutic strategies that target metabol-
ic irregularities (Fig. 5). Hence, future research should focus 
on uncovering the molecular mechanisms that drive this in-
teraction to better understand these conditions and identify 
potential therapeutic targets. 
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