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Abstract: Alzheimer’s disease (AD) and type 2 diabetes mellitus (T2DM) are two debilitating health disorders afflicting 

millions worldwide. Recent research has revealed similarities between AD and T2DM. Both these protein conformational 

disorders are associated with obesity, insulin resistance, inflammation and endoplasmic reticulum stress, en-route 

initiation and/or stage aggravation. In this mini review we have tried to summarize studies describing obesity, insulin 

resistance and glucocorticoid imbalance as common patho-mechanisms in T2DM and AD. A reduction in tyrosine 

hydroxylase (TH) in the brain has been found to occur in Parkinson’s disease (PD). AD, T2DM and PD share common 

risk factors like depression. Thus, whether TH is involved in the ‘state of cognitive depression’ that is the hallmark of AD 

and often accompanies PD and T2DM is also explored. 
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GENERAL INTRODUCTION 

 Type 2 diabetes mellitus (T2DM) is one of the most 
common metabolic diseases and, according to a report by the 
World Health Organization, it will impact a total population 
of 220 million worldwide by the year 2020 [1]. T2DM is 
considered to be a heterogeneous, multifactorial, polygenic 
disorder characterized by a defect in the biological actions of 
insulin (insulin resistance, IR) and in insulin secretion (a  
cell secretory defect). Additionally, T2DM has been 
identified as a risk factor for Alzheimer’s disease (AD) [2]. 
AD, a progressive neurodegenerative disorder, has been 
described as the pandemic of the 21st century [3]. An 
estimated 24 million people worldwide have been reported to 
be afflicted with dementia, the majority of who are thought 
to have AD [4]. Although T2DM increases the likelihood of 
AD, the exact mechanisms underpinning this remain to be 
fully elucidated. Recent research has shown that there are 
multiple similarities between T2DM and AD [5], and 
common physiological processes underlie both, including 
systemic inflammatory conditions, atherosclerosis, oxidative 
stress, progressive amyloidosis and other ageing-related 
processes [6]. Most of these processes are components of 
metabolic syndrome (MetS) [7, 8]. Thus, indirectly in the 
present review, the links between MetS and AD as well as 
T2DM have been explored. 
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OBESITY AND INSULIN RESISTANCE (IR) 

 Adiposity (obesity), referring to the presence of excess 
body fat (an increased amount of adipose tissue within the 
body), does not generally have any normal or ideal threshold 
value. It can be accurately quantified by underwater 
weighing and dual-energy X-ray absorption (DXA), and 
computed tomography as well as magnetic resonance 
imaging can assess body fat distribution. Such technology, 
however, is often too time consuming or costly to be 
routinely in clinical settings, and hence methods such as 
impedance analysis, skin-fold thickness or the determination 
of the body mass index (BMI) are commonly applied to 
estimate the level of obesity. 

 Adiposity, hyperinsulinemia, glucose intolerance, and 
T2DM, are related sequentially and often occur 
simultaneously, and understanding this relationship is 
fundamental in the study of the role of adiposity, IR, and 
T2DM in AD [9-12]. Abnormal glucose levels are caused by 
IR. IR is the resistance of tissues such as skeletal muscle, 
liver, adipocytes and pancreatic which dispose the glucose 
according to the actions of insulin. Another factor known to 
cause abnormal glucose level is the insufficiency in the 
pancreatic insulin secretion, at a normal level or higher than 
normal level (hyperinsulinemia) which assists to overcome 
IR in the tissues [13, 14]. IR is a primary contributory factor 
in the development of MetS. IR usually increases as a 
function of age. Continued IR may result in diminished 
capacity of pancreas to maintain a state of hyperinsulinemia 
leading either to glucose intolerance and T2DM in certain 
cases or to persistent hyperinsulinemia in others [14]. 
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Obesity is one of the most crucial determinants of IR [9, 15]. 
An elevated BMI has been associated with specific anterior 
hippocampal atrophy in AD [16] and in middle age with 
higher dementia risk [17, 18]. 

 Insulin in AD: A strong correlation between hyperinsuli-
nemia and an increased risk of AD has been reported [19-
22]. But its mechanistic link to AD has not yet been 
elucidated fully. Insulin readily crosses the blood-brain 
barrier and along with insulin growth factor (IGF) exert 
myriad effects within the brain, epitomized by a modulation 
of cognition, neuronal growth, survival, differentiation, 
migration, metabolism, gene expression, protein synthesis, 
cytoskeletal assembly, synapse formation, and plasticity by 
binding to IGF receptors, most of which are concentrated in 
the cerebral cortex, olfactory bulb, hippocampus, cerebellum 
and hypothalamus [3, 23, 24]. Insulin and IGF-1 also regulate 
growth, survival and myelin production/ maintenance in oligo-
dendrocytes [3, 23, 25]. Plausibly any impairment in insulin/ 
IGF-I signaling adversely affects neuronal and glial cell 
functions [23, 26]. Insulin appears also to be important for 
learning and memory as well as cognitive function, and 
abnormalities in insulin sensitivity promote cognitive 
impairment [24, 27]. The presence of a higher abundance of 
insulin receptors within the cognition pertinent areas of the 
brain is clearly indicative of a close association between 
insulin and cognition [28]. Cognitive impairment and 
dementia are known complications of diabetes mellitus [29]. 
Evidently neurotrophic at low concentrations, insulin at high 
concentrations may compete with amyloid-  peptide (A ) 
for insulin degrading enzyme (IDE) in the brain, including 
within the hippocampus, resulting in a decreased clearance 
of A  and a higher risk of AD [29]. Also, insulin has been 
reported to stimulate A  secretion, potentially causing 
excessive A  deposition in senile plaques [7]. 

 Insulin and IGF-1 primarily mediate their effects by 
activating intrinsic receptor tyrosine kinases, which then 
phosphorylate insulin receptor substrate (IRS) proteins (at 
tyrosine residues) [26]. Tyrosine phosphorylated IRS 
interacts with various downstream molecules including the 
p85 regulatory subunit of phosphatidylinositol-3 kinase (PI3 
kinase) [30]. PI3 kinase stimulates glucose transport [31] and 
inhibits mitochondrial DNA damage and apoptosis [32] by 
activating Akt/protein kinase B and inhibiting glycogen 
synthase kinase-3  (GSK-3 ) [33]. Defective insulin and 
IGF signaling consequent to insulin/IGF resistance leads to 
decreased energy metabolism, manifested by reduced 
glucose uptake and ATP production [26, 34], which, in turn, 
adversely impacts active processes involved in cellular 
homeostasis, membrane permeability, and fundamental 
mechanisms required for synaptic maintenance and 
remodeling, which underpin learning and establishing new 
memory [26]. A decline in expression of insulin/IGF, their 
receptors and IRS proteins has been reported in AD patients. 
Such abnormal expression has also been shown to associate 
with progression of the disease [26]. In addition to a reduced 
expression of insulin/IGF receptors, AD patients have been 
described to have less insulin, IGF-1, and IGF-2 receptor 
binding [26, 35] than non- AD subjects, which may contri-
bute to degenerative processes occurring within the brain and 
a correction of insulin levels has been correlated with 
improved cognition [3, 26, 36]. From this, it follows that 

insulin represents a common thread that links the pathologies 
of T2DM and AD. 

 Thus, as suggested by Rivera, EJ [36], the two main 
pathophysiological mechanisms responsible for brain 
insulin/IGF resistance in AD are: 1) a progressive loss of 
insulin/IGF responsive neurons, and 2) impaired insulin/IGF 
ligand-receptor binding. In this scenario AD can be 
considered as a brain specific form of diabetes characterized 
by insulin/IGF deficiency or resistance, and hence has been 
hailed as, “Type 3 Diabetes” [3, 35]. 

 Insulin has been reported to promote hyper-phosphory-
lation of tau protein by increased activation of GSK-3  [7, 
37]. An inhibition of PI3K/Akt and blocking of the Wnt 
signaling pathway - the negative regulator of GSK-3  – 
consequent to impaired insulin signaling, are responsible for 
pronounced activation of GSK [36]. Insulin/IGF resistance 
results in oxidative stress which can further activate GSK-3  
[38]. Notably, increased oxidative stress is an established 
feature of both T2DM and AD. Unable to be transported in 
axons, hyper-phosphorylated tau aggregates to form 
neurofibrillary tangles within the neuronal perikarya, and 
thereby contributes to neurodegeneration [26, 39]. A very 
recent study has reported that brain IR (induced by 
peripheral IR) can mediate events in AD by yet a further 
unique mechanism: accelerating A  fibrillogenesis into toxic 
oligomers by inducing GM1 ganglioside clustering in the 
presynaptic membranes [40]. 

 The formation and accumulation of advanced glycation 
end products (AGEs) (a further consequence of diabetes and 
adiposity) have also been identified immune-histochemically 
in senile plaques and neurofibrillary tangles, the pathologic 
hallmarks of AD [41] further corroborating the presumption 
of T2DM and AD linkage. 

 Obesity in AD: Obesity is a key cause of IR. Some 80% 
of obese people are insulin resistant [42]. Confounding data 
exists on the relationship between obesity and AD. A high 
BMI in mid-life has been correlated to a higher risk of 
dementia, unlike a lower BMI in late life. Hence, obesity or 
higher BMI in mid life is associated with the occurrence of 
AD in late life [43]. The elderly obese have a greater 
likelihood for expression of amyloid aggregates and 
neurofibrillary tangles [44]. An increased risk of 
neurodegenerative dementia among diabetic persons has also 
been reported [43]. In cognitively normal elderly individuals, 
a high BMI was found to be associated with lower brain 
volumes in hippocampus, orbital frontal complex and 
parietal lobes and also with a lower neuronal viability in 
frontal, parietal and temporal lobes [45, 46]. When this study 
was extended to patients with mild cognitive impairment and 
AD, Ho et al., found an association between higher BMI and 
lower brain volumes in the occipital, frontal, temporal and 
parietal lobes [44]. Long-term follow up studies have 
revealed that obesity increases the risk of AD by 1.80 fold 
[47]. The fat mass and obesity associated (FTO) protein (also 
known as -ketoglutarate-dependent dioxygenase) is an 
enzyme encoded by the FTO gene, which is one of the 
independent genetic loci controlling obesity [48]. It is highly 
expressed in the brain. Recently, a modest but significant 
reduction in brain volumes within the frontal and occipital 
lobes has been reported to be induced by the same FTO 
allele that predisposes individuals to obesity [48]. Whether 
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or not any association exists between AD and FTO 
polymorphisms has yet to be elucidated. 

 The mechanism(s) via which obesity may mediate AD 
progression are likely complex and remain to be fully 
clarified. In this regard, free fatty acids (FFA) have been 
studied as the crucial link between obesity, IR and hence AD 
[42, 49]. In obesity and IR, an uncontrolled activation of 
adipocyte hormone-sensitive lipase causes persistently high 
levels of FFA. Normalizing these FFA levels improves 
insulin sensitivity in obese individuals and high plasma FFA 
levels can predict diabetes progression [49]. FFA have been 
described to impact A  clearance by inhibiting IDE activity 
[50]. In vitro, FFA have been reported to stimulate an 
increased assembly of amyloid and tau filaments [51]. In this 
scenario, FFA are proinflammatory and are widely 
considered to mediate their effects through tumor necrosis 
factor-  (TNF- ). TNF-  is over expressed in adipose 
tissue, and its levels are inversely related to insulin 
sensitivity [49]. Elevated brain TNF  levels have been 
reported patients with AD and mild cognitive impairment 
[52]. TNF  has additionally been reported to inhibit A  
blood-brain barrier transport from the brain to the periphery 
[53]. As reviewed by Frankola et al., [54], the generation and 
release of TNF-  has been shown to stimulate an enhanced 
glial cellular expression of amyloid precursor protein (APP), 
from which A  is proteolytically cleaved via the action of - 
and -secretase activities. In addition, the actions of this 
cytokine have been reported to upregulate the conversion of 
APP into pathological forms of A  peptides by stimulating 
-secretase activity. As microglia and astrocytes can become 

activated by the presence of amyloid plaques as well as by 
fibrillar A , via a cell surface receptor complex through 
which microglial cells become activated and further increase 
their production of TNF- , these biological actions thereby 
create the potential for a self-propagating cycle of APP 
induction, elevated A  generation, and further neuroinflam-
mation and TNF-  generation with the potential to drive 
disease progression [54]. 

 Cumulatively, TNF-  appears to increase accumulation 
of A  in the brain contributing to AD pathogenesis. Chronic 
inflammation has hence been postulated as commonality 
between AD and obesity by Puig et al. [55]. Mutations in the 
gene coding for APP are associated with an autosomal 
dominant form of AD. Quite strikingly, adipose tissue and 
adipocyte cell lines also express APP and increased levels of 
adipose APP and plasma A  (1-40) are found in obese 
individuals [56, 57]. A recent study evidenced an increased 
activation of microglial cells and macrophages and elevated 
neuronal and macrophage/adipocyte APP and TNF-  in 
adipose tissue and brain in animal model of obesity [55]. 
Obesity mediated modulations in expression of APP can be 
coordinated across various tissues. Hence APP plausibly can 
be considered to mediate pro-inflammatory changes in 
adipose as well as neuronal tissues contributing to AD [55]. 

 Adipokines (epitomized by leptin and adiponectin 
produced by adipose tissue) are also correlated with IR and 
hyperinsulinemia [9]. Leptin is known to have roles in 
neuroprotection, brain development, cognition, learning and 
memory [9, 58], the processes affected severely in AD, and 
known reductions in leptin associated with obesity and IR 
would likely impact these. 

CONTRIBUTION OF GLUCOCORTICOIDS TO IR 
AND TO AD 

 Results of multiple studies have revealed an association 
of adverse chronic stress (and concomitant elevated 
glucocorticoids) with AD and mood disorders such as 
depression [59-61]. Stress induces activation of the 
hypothalamic-pituitary-adrenal (HPA) axis which leads to an 
increased release of steroid hormones (glucocorticoids - 
mainly cortisol in man and corticosterone in rodents) from 
the adrenal cortex [62, 63]. The interrelationship of abnormal 
glucocorticoid levels and IR is implicated in AD [64]. 
Glucocorticoid excess results in IR via a negative impact on 
insulin action/sensitivity as well as insulin secretion [65, 66]. 
The effects of IR in the development of AD have already 
been summarized in the foregoing discussion. The 
interdependence of prevailing networks among T2DM, AD, 
IR and adiposity is depicted in Fig. (1). An extensive 
discussion of supportive experimental and epidemiological 
studies interrelating AD, T2DM, IR and obesity can be 
found in Milinois et al., [7], Luchsinger et al., [9], Hildreth 
et al., [27], and Craft [49]. 

LINKING T2DM & AD TO PD: EXPLORING THE 
ROLE OF TH 

 Parkinson’s disease (PD) is the most prevalent 
neurodegenerative movement disorder affecting more than 
0.1% of the population older than 40 years of age [67]. PD is 
characterized by the accumulation of amyloid-like fibrils of 

-synuclein in the form of Lewy body plaques in neurons of 
the substantia nigra, together with a loss of dopaminergic 
neurons and a tyrosine hydroxylase (TH) deficiency [68, 69]. 
The involvement of -synuclein amyloidogenesis in various 
neurodegenerative disorders, including dementia associated 
with Lewy body disease, diffuse Lewy body disease and 
multiple system atrophy and AD, has been strongly 
implicated [70, 71]. 

 A number of common risk factors have been suggested 
for PD, AD as well as T2DM, including but not limited to, 
oxidative stress, IR and inflammation [72, 73]. How TH 
integrates the pathology of the three has not been fully 
explored. TH catalyzes the hydroxylation of L-tyrosine to L-
dihydroxyphenylalanine (L-DOPA), the rate-limiting step in 
the biosynthesis of the catecholamines dopamine, 
norepinephrine, and epinephrine. This iron-containing mixed 
function oxidase requires molecular oxygen and the cofactor 
tetrahydrobiopterin (BH4) for activity. TH is expressed 
mainly within specific brain areas and the adrenal medulla 
[74], and a central role for TH has been indicated by the non-
viability of TH-knockout mice [75]. 

 Clinical, experimental, genome wide association and 
transcriptomic studies have indicated a link between PD and 
T2DM [76, 77]. The substantia nigra genes described to be 
significantly up regulated in PD have known biological 
associations with cancer, diabetes and inflammation [78]. In 
a recent investigation of PD patients with and without 
dementia for glucose tolerance and IR, a significant 
correlation was found between impaired glucose tolerance, 
IR and T2DM in patients who had dementia [79]. The study 
suggested that PD patients with dementia are two times more 
likely to have IR than patients with PD [71]. T2DM has been 
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found to be associated with a higher risk of PD although the 
nature of this association remains unknown [80-83]. T2DM 
has also been suggested to be a potent risk factor for drug 
induced Parkinsonism [84]. Interestingly, a high fat diet 
(providing a model for early stage T2DM) has been 
described to disrupt nigrostriatal dopamine function, 
resulting in a decrease in dopamine release and clearance in 
experimental animals [85]. This suggests that T2DM may 
accompany a loss of dopamine function. 

 Albeit there is a lack of an established mechanism linking 
T2DM to PD, as in AD, both insulin deficiency and IR with 

compensatory hyperinsulinemia might play a role [86, 87]. 
As already discussed, insulin can act as a neurotrophic factor 
within the brain and can reduce oxidative stress. IR has been 
shown to result in decreased insulin transport into the brain 
[28, 72, 77]. Insulin receptors are densely present within the 
substantia nigra and insulin increases dopamine transporter 
mRNA in the substantia nigra, thus regulating dopamine 
concentrations in the brain [28, 72, 77]. Microsatellite poly-
morphisms of the TH gene, leading to disturbances in the TH 
and insulin variable number of tandem repeats (INS –VNTR), 
have also been found to have strong linkages with IR and 
depressive disorders [88]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). The vicious circle: interdependence of obesity, IR, AD, T2DM. The most prominent features of each of the individual conditions 

have been indicated, yet the mechanisms of obesity, IR, diabetes and AD cannot be readily dissected. Eventually, they converge on memory 

impairment and dementia. The mechanisms by which TH (and hence PD) may be involved in the pathology of type 2 diabetes and 

Alzheimer’s disease are shown by dashed line. 
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 Both IR and PD may be consequences of the aging 
process [67, 89], albeit the association of T2DM and PD 
with age remains controversial [80]. Other pathogenic 
mechanisms shared by diabetes and PD involve the (neuro) 
inflammatory and mitochondrial dysfunction pathways [90, 
91]. Furthermore, recent studies support the hypothesis that 
the link between these two diseases might relate to the 
bioenergetic similarity of the midbrain substantia nigra and 
the pancreatic islet -cells [28, 72, 77]. Here the 
oxidative/nirosative damage and inactivation of TH [92] 
consequent to diabetes as well as PD may provide the 
common link. Hypertension and cardiovascular factors, like 
increased blood cholesterol, are risk factors for both T2DM 
as well as PD [93-96]. However, additional extensive studies 
are required to substantiate the above reports. 

 The study of potential interrelations between AD and PD 
has likewise been an area of intense research [25]. Amyloid 
deposits, stress, redox imbalance, inflammation, and IR 
represent some of the common potentiating agents. Whether 
or not TH, one of the prime targets in PD [97], has some role 
to play in AD still remains a matter of conjecture. 
Cholinergic neurons are markedly dysfunctional in AD [98], 
as they are also in PD [99]. Recent advances have indicated 
the involvement of other neurotransmitter systems 
(additional to dysfunctional acetylcholine transmission) in 
cognitive dysfunction occurring in AD. Among these, the 
dopaminergic system appears to play a relevant role in the 
mechanisms involved in learning and memory processes, 
showing strong synaptic interactions and a neuromodulatory 
role with the cholinergic system in different brain areas 
[100-103]. A loss of temporal lobe dopamine D2 receptors 
has been reported to correlate with memory dysfunction, and 
impaired dopamine transport and binding have been reported 
in several brain areas in AD [104-106]. These studies in 
large part support the work of Martorana et al. [107] in 
which L-DOPA administration restored considerable 
consistency in cortical activity in AD patients. An altered 
expression of receptor subtypes for dopamine in defined 
brain areas in AD patients has additionally been recently 
described [108], supporting the concept of a dopamine 
content deficit during the neurodegenerative process of the 
disease. A decline in TH activity and/or expression besides 
the L-DOPA receptor-transporter could also mediate the 
process, although remaining less explored – a mild loss of 
TH activity in AD was described in an early report by 
Torack and Morris [109]. Few studies have reported 
compensatory increases in TH mRNA expression in the 
regions of a significant noradrenergic neuronal loss [110]. 
Furthermore, TH has also been assumed to be linked to 
cardiovascular disorders through mechanisms common to 
AD (as well as T2DM); this possibility however still requires 
grounding in firm data [111]. Various possible points where 
TH may exert influence in AD and T2DM are illustrated in 
Fig. (1). 

CONCLUSION 

 The contributory roles of IR, hyperinsulinemia, obesity 
and glucocorticoid imbalance and their interactions to T2DM 
and AD have begun to be defined. There is substantive 
evidence supporting a connection between the two disorders 
that is based upon findings from a diversity of studies. 

Diabetes has also been suggested to be a risk factor for PD. 
An AD-PD link occurring through the dopaminergic 
neurotransmitter system has been hypothesized. However, 
there remains a lack of conclusive evidence on the 
association of AD-PD-T2DM. Certain biochemical cascades, 
like the involvement of TH, impaired HPA axis function, 
AGEs, and insulin regulated acetylcholine synthesis, remain 
to be further resolved. Nevertheless, it appears that the 
multiple pathways leading to these three disorders are likely 
interwoven via at least several common threads (such as 
insulin, IGF-1 and TH) yielding an overlapping network of 
alterations, and providing novel targets for therapy and 
biomarkers. The convergence of research into the arenas of 
AD, PD and T2DM, all individually important diseases, is 
providing a rich vein to mine and warrants significant further 
research. 
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ABBREVIATIONS 

AD = Alzheimer’s disease 

AGEs = Advanced glycosylation end products 

APP = Amyloid-  precursor protein 

A  = Amyloid-  peptide 

BMI = Body mass index 

CVD = Cardiovascular diseases 

CNS = Central nervous system 

FFA = Free fatty acids 

FTO = Fat mass and obesity associated (FTO)  
   protein or gene 

GSK-3  = Glycogen synthase kinase-3  

HPA axis = Hypothalamic-pituitary-adrenal axis 

IDE = Insulin degrading enzyme 

IR = Insulin resistance 

L-DOPA = L-dihydroxyphenylalanine 

PD = Parkinson’s disease 

TH = Tyrosine hydroxylase 

T2DM = Type 2 diabetes mellitus 

TNF  = Tumor necrosis factor  
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