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Abstract

Cognitive decline in chronic diabetic patients is a less investigated topic. Diabetes and obesity are
among the modifiable risk factors for Alzheimer’s disease (AD), the most common form of
dementia. Studies have identified several overlapping neurodegenerative mechanisms, including
oxidative stress, mitochondrial dysfunction, and inflammation that are observed in these disorders.
Advanced glycation end products generated by chronic hyperglycemia and their receptor RAGE
provide critical links between diabetes and AD. Peripheral inflammation observed in obesity leads
to insulin resistance and type 2 diabetes. Although the brain is an immune-previleged organ, cross-
talks between peripheral and central inflammation have been reported. Damage to the blood brain
barrier (BBB) as seen with aging can lead to infiltration of immune cells into the brain, leading to
the exacerbation of central inflammation.

Neuroinflammation, which has emerged as an important cause of cognitive dysfunction, could
provide a central mechanism for aging-associated ailments. To further add to these injuries, adult
neurogenesis that provides neuronal plasticity is also impaired in the diabetic brain. This review
discusses these molecular mechanisms that link obesity, diabetes and AD.
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1. Introduction

The prevalence of diabetes worldwide has been projected to be 366 million by 2030
according to the World Health organization [1]. The management of typical complications of
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diabetes, including cardiovascular diseases, peripheral neuropathy, retinopathy, and
nephropathy has improved significantly in recent decades because of improved glycemic
control and additional treatment strategies that target diabetic complications. Therefore, the
life span of diabetic patients has considerably lengthened. Research indicates that the older
diabetic population is more susceptible to aging-associated cognitive decline than aged
persons without diabetes. Although pharmacological interventions have improved their
survival from life-threatening complications, silent neurodegenerative pathways over
decades contribute to cognitive decline with aging and compromise the quality of life. The
main focus of diabetes management is glycemic control. However, other diabetes-associated
factors that are not downstream of chronic hyperglycemia may affect the brain gradually
over time, and the molecular events that are known to precede cognitive decline go
unnoticed for decades until it becomes clinically apparent. Increasing evidence suggest that
obesity and diabetes, combined with aging, contribute to a person’s susceptibility to
Alzheimer’s disease (AD) (Figure 1). The purpose of this review article is to highlight the
common factors relating to obesity, T2D, and AD, all of which involve the overlapping
pathways of oxidative stress/mitochondrial dysfunction, and inflammation.

2. Obesity and dementia

The prevalence of overweight and obesity is increasing at an alarming rate throughout the
world. The number of overweight and obese adults is projected to be 1.35 billion and 573
million respectively by 2030 [2]. Obesity has been shown to increase the risk of dementia,
independent of T2D. A longitudinal study of 6,583 individuals was conducted by measuring
the participants’ sagittal abdominal diameter [3]. Individuals with the largest diameter were
determined to have nearly a three-fold risk of developing dementia, when compared with
those with the smallest diameter [3]. Another study observed that larger waist-hip ratio is
associated with decreased hippocampal volume [4]. The link between obesity in mid-life and
the future risk of dementia has been reported by several studies [5-9]. Xu et al. reported that
overweight persons (BMI >25-30) at midlife and obese individuals (BMI >30) at midlife
developed dementia at a mean odds ratio of 1.71 and 3.88, respectively [10]. A linkage
cohort study found that the risk ratio for dementia was significantly high in obese subjects
aged 30-39, and it steadily decreased in subjects whose obesity decreased as they aged [11].
A cohort projection model based on an Australian population showed that dementia in old
age could be lowered by 10% in 2050 if midlife obesity was decreased by 20% [12].
Although these reports suggest that obesity in mid-life can lead to cognitive dysfunction in
later life, a recent study has questioned the link between obesity and the risk of dementia
[13]. This retrospective cohort study observed that underweight in middle age carries an
increased risk of dementia in later life. The link between obesity and dementia needs to be
investigated further because of these conflicting reports. Furthermore, weight loss in the
elderly population is a risk factor for morbidity and mortality and therefore cannot be an
interventional strategy. Nevertheless, chronic low-grade inflammation associated with mid-
life obesity provides a mechanistic link to progressive cognitive decline by cross-talk with
central inflammation. This angle will be discussed in details in a later section.
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3. High-fat diet and the brain

Consumption of a high-fat diet is a major cause of overweight and obesity. Chronically
elevated levels of circulating free fatty acids have been found to cause many deleterious
effects, including low-grade inflammation, which plays an important role in insulin
resistance. Studies examining inflammatory pathways in obesity have focused on
macrophages of the periphery [14, 15]. These studies found that inflammatory events are
common in diabetes and obesity. Although esterified fatty acids pass through the blood brain
barrier (BBB) at limited capacity [16], positron emission tomography has confirmed fatty
acid uptake by the brain [17]. The brain’s uptake and subsequent accumulation of fatty acids
have been observed in subjects with a metabolic syndrome that is reversible by weight
reduction [17]. A high-fat diabetogenic diet promotes AD pathogenesis, in contrast to a diet
with docosahexaenoic acid (DHA), which has protective effects against AD [18]. The
mechanism involved appears to be through the activation of the immune system because the
saturated fatty acids act through the toll-like receptor 4 (TLR4) protein that detects
lipopolysaccharides. TLR4 activation leads to the generation of cytokines in astrocytes [19].
Saturated fatty acids induce an inflammatory response through TLR4 in the hypothalamus
[20]. This study also showed that the loss of function of TLR4 and its pharmacological
inhibition protects diet-induced obesity.

The protein tau, in elevated levels, has been found in diabetic and AD mice, independent of
the peripheral metabolic status, indicating a molecular link between these diseases [21]. Free
fatty acids have been shown to stimulate the assembly of both amyloid and tau filaments /n
vitro [22]. These studies strongly suggest that saturated fatty acids could directly influence
glial activation in the brain by crossing the BBB. This could be one of the mechanisms by
which obesity causes cognitive dysfunction.

4. Cognitive decline in diabetes

Diabetes management has generally focused on the traditional complications, including
diabetic retinopathy, peripheral neuropathy, nephropathy, and cardiovascular diseases.
However, in recent years, there have been several reports suggesting that chronic diabetes
does affect brain functions. The following are some important studies that have reported the
association between cognitive dysfunction and diabetes. Higher levels of glycosylated
hemoglobin are associated with lower scores of cognitive function, measured by multiple
tests [23]. The Hisayama study observed that glucose intolerance is associated with all-cause
dementia [24]. The Edinburgh type 2 diabetes study reported that participants with diabetic
retinopathy also performed poorly in cognitive function tests [25]. Adult changes in the
Thought study [26] has shown that higher average blood glucose levels in the preceding 5
years correlates with an increased risk of dementia among participants with and without
diabetes. Greater cognitive decline over a 12-year period is observed in diabetic patients
when compared to non-diabetic subjects, as shown by decreases in the speed of information
processing and in word recall, according to the Maastricht Aging Study [27]. An overview
of prospective observational studies shows that diabetes increases the odds of cognitive
decline by 1.2 to 1.7 fold [28]. The risk of developing MCI and dementia has been
correlated with glycosylated hemoglobin levels in postmenopausal osteoporotic women
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without diabetes [29]. Even acute hyperglycemia has been shown to affect cognitive function
and mood state in a group of type 2 diabetic patients [30]. Changes in glycemic control and
even the trajectories of glycemic control correlate with cognitive performance [31, 32].
However, aggressive glucose management in the elderly is not practical. The American
Geriatrics Society does not recommend the lowering of Alc below 8% because of the
complications associated with hypoglycemic episodes [33]. Therefore, glycemic control as
an interventional strategy to prevent cognitive decline needs to be initiated at an earlier
stage.

Multiple factors have been suggested to play a role in cognitive decline of diabetic patients.
For example, insulin resistance has been shown to be associated with AD-like decreases in
cerebral glucose metabolism even in prediabetic individuals with normal cognitive function,
[34], and MRI studies have revealed chronic hyperglycemia-mediated hippocampal
dysfunction [17]. In addition to hyperglycemia, inflammatory mediators, rheological factors,
and defects in hypothalamic-pituitary-adrenal axis are likely to play important roles in
cognitive dysfunction [35]. Wang et al. observed elevated histone deacetylases class Ila in
the brains of diabetic subjects [36], leading to the hypothesis of an epigenetic mechanism of
cognitive decline in aged obese patients diabetes.

The following are some of the pathways in the diabetic brain that resemble early events in
AD (Figure 2). (i) Insulin resistance leads to decreased activation of Akt, a protein that plays
a key role in multiple cellular processes, such as glucose metabolism and the inhibition of
GSK3p, one of the kinases that phosphorylate tau. Therefore, during insulin resistance,
increased GSK3p activation may likely lead to hyperphosphorylation of tau, an important
component of neurofibrillary tangles found in the brains of persons with AD. (ii) Insulin-
degrading enzyme (IDE) degrades insulin as well as A peptide. Therefore,
hyperinsulinemia sequesters IDE away from A, facilitating its accumulation [37, 38]. (iii)
Protein misfolding, oxidative stress, and inflammation are some of the common pathways
observed in brain tissues from patients with AD and with diabetes [39, 40]. (iv) Advanced
glycation end products (AGE), an important cause of diabetic complications, has been found
accumulated in the brain.

5. Neurogenesis in the diabetic brain

A decrease in the hippocampal size in older diabetic patients has been reported following
MRI studies (Neurology 2014). Age-dependent cortical and hippocampal atrophies are also
observed in diabetes (db/db) mice [41]. These changes could have resulted from decreased
neurogenesis and elevated neuronal death. The dentate gyrus of the hippocampus and the
subventricular zone are two important areas in which new neuronal cells are generated
throughout adult life [42]. Neurogenesis consists of the proliferation of neuroprogenitor cells
(NPCs) and their differentiation into neurons, astrocytes, and oligodendrocytes. Impaired
neurogenesis has been reported in animal models of diabetes and obesity. For example,
decreased survival of NPCs has also been observed in the Goto-Kakizaki rat, a genetic
model for type 2 diabetes [43]. Bromodeoxyuridine- BrdU labeling of newly generated
NPCs decreases in the dentate gyrus of spontaneous, nonobese diabetic mice, a model for
type 1 diabetes [44]. Impaired NPC proliferation is associated with decreased brain derived
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neurotrophic factor (BDNF) expression and elevated glucocorticoid levels in spontaneous as
well as Streptozotocin-induced diabetic mice [45]. Similar to diabetic rats, high-fat diet-
induced impairment of NPCs has been attributed to the activation of the NF-kB pathway in
the mouse hypothalamus [46]. In a recent study, we have reported that when NPCs are
differentiated in the presence of cytokines including IL-1p, TNF-a, and IL-6, the levels of
neuronal markers decrease significantly and the NPCs differentiate into a glial phenotype
[47]. Findings from this study suggest that elevated circulating cytokines in diabetes can
potentially interfere with neurogenesis in the brain. These studies have advanced our
understanding of diabetes and its links to neurogenesis.

6. Advanced glycation end products (AGEs) and RAGE signaling

Glucolipotoxicity resulting from chronic hyperglycemia and dyslipidemia plays a central
role in the onset of diabetic complications. AGEs generated by hyperglycemia have been
identified as a crucial link between diabetes and AD [48-54]. Elevated levels of AGE in the
circulation and in the brain have been associated with cognitive dysfunction in patients with
AD [55]. Accumulation of the AGEs, pentosidine, and glyceraldehydes-derived pyridinium
(GLAP) has been observed in the brain of diabetic rats [51]. Pentosidine and GLAP also
induce the expression of BACEL, a key enzyme in the generation of Ap by the activation of
NF-kB. AGEs contribute to AD by supporting fibrillary tangles and amyloid plaques
formations, which are hallmarks of AD, in addition to increasing the cytotoxicity of Ap.
Microglia synthesize and secrete AGE-albumin, which is increased by AB [56]. AGEs
induce the expression of its receptor, RAGE, which is also a putative receptor for Ap [49,
57]. The levels of RAGE have been shown to be increased in several cell types in the AD
brain. For example, RAGE-immunoreactive microglia are elevated in the human postmortem
AD brain [58]. AB also increases the expression of RAGE in cultured microglia. RAGE
expression is elevated in neurons and astrocytes of 3XTg AD mouse brain [59].
Colocalization of RAGE with intracellular AR and Tau is also observed. The presence of
AGE and RAGE has been reported in the astrocytes of AD post-mortem brain [60]. Another
study reported increased levels of microvascular RAGE in human AD brain, which
correlated with the severity of AD pathology [61]. Streptozotocin-induced diabetes in AD
transgenic mice further enhances the levels of RAGE in the brain, and the senile plaque
formation is accelerated [62]. Microglia-specific overexpression of RAGE in transgenic AD
mice enhances the production of proinflammatory cytokines along with accelerated
cognitive decline [63]. Neuron-specific overexpression of a dominant negative RAGE, on
the other hand, results in the preservation of cognitive function along with decreased
neuropathological changes in the AD mice [64]. An inhibitor of RAGE is able to decrease
microglial activation and Ap production in the AD transgenic mice [65]. Although a clinical
trial of a RAGE inhibitor was not successful due to its adverse side effects [66], the
therapeutic potential of RAGE inhibitors in AD cannot be ignored [67]. Soluble form of
RAGE (sRAGE) acts as a decoy for RAGE and provides a counter-regulatory mechanism.
Selvin et al. have reported that the low levels of SRAGE are associated with diabetes risk and
mortality [68]. Decreased levels of SRAGE have also been observed in AD patients [69].

In addition to hyperglycemia-generated AGE formation, diet also can be a source of AGEs.
Recent studies have suggested that increased consumption of AGEs derived from high-fat
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and dry-heat processed foods can elevate the accumulation of AGEs in the brains of diabetes
patients and obese individuals [70-72] and can contribute to circulating AGEs [72]. Feeding
mice a diet rich in methyl glyoxal, an AGE, results in the development of a metabolic
syndrome and deposits of AGEs, a decrease in SIRT1, and cognitive decline [54]. Thus, the
accumulation of AGEs in the brain is a common neurodegenerative mechanism linking
diabetes and AD.

7. Mitochondrial dysfunction and inflammasome formation

Mitochondrial dysfunction is another critical link between obesity, diabetes, and AD.
Oxidative stress and mitochondrial dysfunction have been extensively reported in patients
with AD, diabetes, and obesity as well as in rodent models of all these conditions (Figure 3).
For example, impairment of the respiratory chain has been observed in mitochondria isolated
from sucrose-fed AD transgenic mice [73].

Mitochondrial injury is also an important trigger for inflammasome formation [74-76].
Inflammasome, a multiprotein cytosolic complex, is generated in response to infection,
cellular damage, and metabolic dysregulation [77]. Its formation leads to the activation of
caspase-1 and to the proteolytic cleavage and secretion of the cytokines IL-1f and IL-18
[78] (Figure 4). While the inflammatory pathway protects the brain from infection in
patients, the formation of sterile inflammasomes in response to cellular stress can cause
neuronal injury [79]. Oxidized mitochondrial DNA released into the cytosol induces the
formation of the NACHT, LRR and PYD domains-containing protein 3 (NLRP3)
inflammasome [80]. It is during NLRP3 inflammation that autophagy has been found to be
essential for restoring mitochondrial dynamics [81]. Inflammasome formation is also caused
by mitochondrial destabilization, which in turn is triggered by calcium signaling [59].
Glucolipotoxicity in T2D is known to cause mitochondrial injury [82]. The study of
inflammasome formation in obese patients and in T2D patients has focused mainly on
macrophages [14, 15, 83]. Microglia, the brain-resident macrophages, are also known to
induce inflammasome formation in other disease states [84]. The possibility that the
activation of microglia in the diabetic brain may contribute to inflammatory injury has not
been fully investigated, although the microglia activation pathway in the hypothalamus has
been documented in diabetes [85]. Stress signals that induce inflammasome formation
include chemokines and damage-associated molecular patterns, such as the high mobility
group proteins HMGB1 and ATP [86-88]. For the therapeutic targeting of inflammasome
formation induced by mitochondrial injury, sirtuins appear to show promise [89, 90].

The silent information regulator (SIRT) genes (sirtuins) comprise a highly conserved family
of proteins that use NAD™ as a co-substrate to catalyze the deacetylation and/or the mono-
ADP ribosylation of target proteins. SIRT1 deacetylates histone, which includes non-histone
transcriptional and co-transcriptional factors that regulate glucose homeostasis, fat
oxidation, and inflammation of the brain [91]. Nicotinamide riboside, a precursor of NAD*
and an activator of SIRT1, has two beneficial actions. It increases neuronal mitochondrial
biogenesis and anti-inflammatory action in glial cells [91-93]. Further research is needed to
understand the beneficial effects of nicotinamide riboside in the brain.
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8. Peripheral and central inflammation connection

Neuroinflammation has emerged as a key player in the pathogenesis of AD [94]. Markers of
neuroinflammation have been observed in the brain of AD models [95, 96]. Microglia, the
resident macrophages of the brain, are chronically activated in the vicinity of amyloid
plagues. Although they reduce Ap burden by phagocytosis, uncontrolled chronic
inflammation leads to the release of neurotoxic factors including inflammatory mediators
and reactive oxygen species by glial cells, resulting in exacerbation of the AD pathology.
Although the central nervous system was previously considered immune-privileged, this
view has been challenged because of the bidirectional cross-talk between peripheral and
central inflammation [97]. Chronic low-grade inflammation that causes aging-associated
morbidity and mortality has been referred to as ‘inflammaging’ [98]. Systemic inflammation
is also an important cause of insulin resistance and the pathogenesis of type 2 diabetes [99].
Microglial response to peripheral inflammation is generally adaptive in nature. Following
systemic challenge with IL-1p and TNFa in mice, induction of cytokines and chemokines in
hippocampus is observed [100]. Another study reported that stimulation of the immune
system in mice leads to AD-like brain pathology including deposition of APP and its
proteolytic fragments and altered Tau phosphorylation [101]. A meta-analysis of forty
studies in which peripheral blood cytokine concentrations reveal that AD is accompanied by
higher peripheral concentrations of IL-6, TNF-a, IL-13, TGF-B, IL-12, and 1L-8 [102].
Activation of circulating peripheral immune cells is observed in patients with early stages of
AD [103]. Several studies have also reported the correlation between peripheral
inflammation and cognitive dysfunction. For example, peripheral inflammatory markers
have been observed in patients with MCI and AD [104]. Meta-analyses of previous studies
reveal that peripheral inflammatory markers correlate with the risk of dementia [105, 106].
Framingham study reported that higher peripheral levels of IL-1p and TNF-a may be
markers for the risk of AD [107]. PBMCs isolated from MCI patients produce more IL-6
and IL-8 following the stimulation by phytohemagglutinin (PHA) compared to healthy
elderly controls [108]. Post-operative cognitive dysfunction correlates with peripheral
inflammatory markers [109]. Proinflammatory cytokines have been shown to pass through
BBB [110-112]. The aging process acts as a priming stimulus for microglia and they
respond to peripheral inflammation with greater severity and duration [113]. Peripheral
inflammation has been shown to trigger brain-specific inflammatory responses by gene
expression profiling [114]. Central inflammation is also likely to be exacerbated with
damage to the BBB, followed by the entry of immune cells into the brain. It is not clear if
peripheral inflammation leads to central inflammation or vice versa. Further research is
needed to understand the molecular links among diabetes, obesity and AD in relation to
inflammation.

9. Damage to the blood brain barrier (BBB)

The BBB consists of human brain microvascular endothelial cells (HBMECSs), end feet of
astrocytes, and pericytes. HBMECs are glued together by tight-junction proteins (e.qg.,
occulin and claudins) and scaffolding proteins (e.g., ZO-1 and Z02) [115]. Using dynamic
contrast-enhanced MRIs of the brains of humans, an age-dependent breakdown of the BBB
in the hippocampus and injury to BBB-associated pericytes that correlated with mild
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cognitive impairment have been reported [116]. Decreased BBB integrity was observed in
rats fed with a diet rich in saturated fat and cholesterol [117]. Increased BBB permeability is
observed along with hippocampal-dependent cognitive dysfunction in rats fed with a high
energy diet [118]. BBB damage and microglial activation in mice are caused by diet-induced
obesity [119]. Aging further exacerbates the effects on oxidative stress, inflammation, and
genes involved in the generation of AB. Treatment of cultured microglia with sera derived
from aged high fat diet-induced obese mice leads to increased microglial activation and
oxidative stress [119]. Another study demonstrated the reversal of high fat-induced BBB
damage by anti-inflammatory and lipid-lowering agents [120]. The induction of oxidative
stress and the decrease in sirtuin expression are observed in microvascular endothelial cells
exposed to high glucose [121]. Antioxidants including vitamin C, free radical scavengers
and mimetics of antioxidant enzymes have been shown to attenuate the deleterious effects of
high glucose [122]. Exposure of HBMECs to AGEs results in increased MMP9 activation,
leading to the degradation of TRKB, a BDNF receptor [123]. Decreased viability of
endothelial cells is observed following the silencing of SIRT3, a mitochondrial sirtuin that
increases the activities of metabolic enzymes by deacetylation [124]. Ouyang et al (2014)
performed proteomic analysis in enriched microvessels from cerebral cortex of mice fed
high-fat diet and observed the downregulation key proteins including chaperons, enzymes
and transport-related proteins [125]. Thus, when BBB integrity is compromised, chronic
low-grade inflammation and oxidative stress, observed in obesity and diabetes can lead to
central inflammation.

10. Obesity and diabetes as risk factors for Alzheimer’s disease

AD is the most common cause of dementia, accounting for 60-80% of dementia cases.
There are more than 35 million patients with AD worldwide. Recent studies suggest that the
incidence of AD is likely to increase substantially as obesity and diabetes are risk factors for
AD. A strong correlation between diabetes and AD was first reported in a large population-
based Rotterdam study [126]. Later epidemiological studies also strongly suggested that
T2D is a risk factor for AD (reviewed in [39, 40]). Diabetes has been found to decrease the
threshold of the AP burden needed for the manifestation of dementia. An 11-year follow up
study of a Taiwanese population found that diabetic patients are more susceptible to AD
compared to non-diabetic patients [127]. MRI scans of 700 MCI and AD patients revealed
that a higher body mass index is associated with reduced brain volume in the frontal,
temporal, parietal, and occipital lobes of patients with AD [128]. A meta-analysis study
reported that obesity and diabetes significantly and independently increased the risk for AD
in elderly individuals [129]. However, the risk was less than that of persons with the APOE4
allele. Elderly diabetic women (over 65 years of age) were found to have a higher rate of
developing AD than elderly diabetic men [130]. The Baltimore Longitudinal Study of Aging
reported a higher midlife BMI associated with early onset AD and a greater burden of AD
pathology [131]. The link between AD and diabetes has been further supported by studies
using mouse models [132-134]. For example, diet-induced insulin resistance in Tg2576
mice leads to an increase in AP production [132]. An increase in AB, in Tg2576 AD mice
fed a high-fat diet is associated with abnormal feeding behaviors and increased food intake
[135]. Pathological features of AD, including tau phosphorylation and amyloid plaque
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deposition are exaggerated in the brains of APP transgenic mice following the induction of
insulin-deficient diabetes [133]. The molecular link between AD and diabetes has been
suggested to be the amylin receptor as it is a target for both amylin and A in the brain
[136]. Another important study reported that the crossing of APP transgenic mice with
diabetic mice (ob/ob and NSY mice) leads to exacerbated cognitive dysfunction [134].
Interestingly these mice had an accelerated diabetic phenotype compared to the non-crossed
diabetic mice.

11. Conclusions and Future Directions

Although the glucose-centered management of diabetes addresses the traditional
complications of diabetes, long-term effects of diabetes-associated factors that are not
downstream of hyperglycemia, on brain function cannot be ignored and need therapeutic
attention. Pathways of oxidative stress and inflammation are commonly observed in obesity,
diabetes, and AD. With the availability of a wide range of drugs for managing diabetes and
its complications, the life expectancy of persons with diabetes is steadily increasing [137].
The association of obesity and diabetes with AD is likely to be more evident in the future
than with the current older population because of survival bias. Health care systems
worldwide will be facing growing populations of persons with AD and diabetes [138].
Aging diabetic patients are likely to present symptoms ranging from subtle executive
dysfunction to overt dementia and memory loss. Cognitive dysfunction in the elderly
diabetic patients makes it difficult for them to perform complex self-care tasks including
glucose monitoring, adjusting the time and dose of insulin. Weight loss and aggressive
glucose control are not ideal interventional strategies for the elderly diabetic patients [33].
They need to be initiated in the middle age rather than in the old age. Knowledge gained
from studies examining the chronic neurodegenerative pathways associated with obesity and
diabetes can lead to development of therapeutic agents that delay cognitive decline and
improve the quality of life. Although glycemic control is the primary goal in the
management of diabetes, current antidiabetic medications with known neuroprotective
actions need to be given serious considerations.
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AD Alzheimer’s disease

BBB Blood brain barrier

RAGE Receptor for Advanced Glycation End products
AGE Advanced glycation end products

DHA docosahexaenoic acid
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TLR4 Toll like receptor 4
IL1B interleukin 1 beta
Ap Amyloid beta

NLRP3 NACHT, LRR and PYD domains-containing protein 3

SIRT1 Silence information regulator 1
NAD+ Nicotinamide adenine dinucleotide
PHA Phytohemagglutinin

PBMC Peripheral blood mononuclear cells
TNFo Tumor necrosis factor alpha

MCI Mild cognitive impairment

TGFB Transforming growth factor beta

HBMEC  Human brain microvascular endothelial cells
TRKB Tropomyaosin receptor kinase B

MMP9 Matrix metallopeptidase 9

BDNF Brain derived neurotrophic growth factor

ApoE4 Apolipoprotein E4 genotype

APP Amyloid precursor protein
BMI Body mass index

T2D Type 2 diabetes mellitus
MRI magnetic resonance imaging

NSY mice Nagoya-Shibata-Yasuda mice
HMGB1  High morbidity group protein 1
NPCs Neuroprogenitor cells

NF-kB nuclear factor kappa-light-chain-enhancer of activated B
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Highlights
. Obesity and diabetes are among several modifiable risk factors of dementia

. AGEs and their receptor RAGE provide critical links between diabetes and
AD

. Cross-talks between peripheral and central inflammation are observed in
diabetes

. Damage to the blood brain barrier causes infiltration of immune cells into the
brain

. Neuroinflammation provides a central mechanism for aging-associated
ailments
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Figure 1. Common pathways of aging-associated disorders
The risk of Alzheimer’s disease (AD) in elderly individuals is increased by other aging-

associated comorbidities including obesity, diabetes and cardiovascular impairment.
Oxidative stress, mitochondrial dysfunction and chronic inflammation observed in these
conditions are also some of the important causes of AD.
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Figure 2. Pathways of neurodegeneration in the diabetic brain
Neurodegeneration in Alzheimer’s disease is caused by the formation of neurofibrillary

tangles and the deposition of extracellular g amyloid plaques. Both pathways are facilitated
by insulin resistance, the major cause of type 2 diabetes. Chronic hyperglycemia-generated
advanced glycation end products (AGES), oxidative stress and neuroinflammation are also
important causes of neurodegeneration, thus providing critical links between diabetes and
AD.
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Figure 3. Causes and consequences of mitochondrial dysfunction
Multiple factors are known to cause mitochondrial dysfunction. These factors include aging,

increased free fatty acids, hyperglycemia, polymorphisms and DNA mutations in
mitochondrial genome and mutant protein(s) association with mitochondria. Dysfunctional
mitochondria produce reduced ATP, decreased biogenesis, impaired p-oxidation and
increased reactive oxygen species. These events may contribute to diabetes, obesity and
insulin resistance ultimately causing Alzheimer’s disease in elderly individuals.
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Figure 4. Neuroinflammation in the Diabetic brain
Brain inflammation in diabetes is considered to result from peripheral inflammation.

Cytokines produced by macrophages can pass through the blood brain barrier (BBB).
However the less understood area is the potential direct effects of saturated fatty acids (SFA)

and advanced glycation end products (AGES) on neurons astrocytes and microglia, the

resident macrophages of the brain. Increased uptake of fatty acids by the brain in metabolic
syndrome has been reported. Neurotoxins generated by astroglia cause injuries to neurons.

Stress signals released by dying neurons can further activate the glial cells, thus leading to a
vicious cycle. Activators of SIRT1 have two beneficial therapeutic actions, namely,
increasing neuronal mitochondrial biogenesis and anti-inflammatory action in glial cells.
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