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Introduction  

Diabetes mellitus (DM) is a disorder of glucose 

regulation which is characterized by 

hyperinsulinemia, hyperglycaemia and wilted insulin 

receptor responsiveness. It is the common disease in 

recent days with various complications such as 

cardiovascular diseases, central nervous system 

dysfunction, kidney failure and retinopathy (Liu et al., 

2013). Neurodegeneration, memory and cognitive 

impairment are revealed to be the major 

complications of DM (Kodl and Seaquist, 2008). 

Studies show that both type 1 and 2 is strongly 

related to cognitive impairment (Duarte et al., 2007; 

Stewart and Liolitsa, 1999). Thus DM is known to be 

a major risk factor in the development of probable 

Alzheimer’s disease (AD) (Biessels et al., 2006). A 

report released by WHO on September 2012 states 

that 347 million people worldwide are suffering from 

DM. It is predicted that 300 million of world population 

will be affected by particularly with type 2 DM by the 

year 2025 (WHO, 2012).  

The memory impairment caused by DM is correlated 

to the impairment of central insulin modulation in 

hippocampus (Liu et al., 2013). Insulin and insulin like 

growth factor are having a major role in the regulation 

of amyloid beta (Aβ) protein. Clinical epidemiological 

studies show that diabetic patients are twofold prone 

for AD when compared to non-diabetic individuals. 

Thus, chronic hyperglycemia is observed to be one of 

the major causes of diabetic encephalopathy (Liu et 

al., 2013). 

AD is a common, progressive and devastating neuro-

degeneration of human brain structure which is 

characterized by loss of neurons, cognition and a 

progressive loss of functions. It is known to be one of 

the major challenges to the modern health care 

system (Ghanemi, 2015; Sun et al., 2012; Mount and 

Downton, 2006; Janson et al., 2004). AD is 

associated with the aggregation of Aβ protein and tau 

protein. Aβ protein cumulates into small, toxic senile 
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Abstract 

This review mainly deals with scientific data related to sporadic Alzheimer’s disease 

(AD) particularly related to diabetes mellitus (DM). AD is divided into sporadic AD and 

familial AD. It is known to be the most common cause of dementia. Sporadic form of 

AD results from multiple etiologic factors including metabolic, environmental and 

genetic factors. DM linked AD is known to be one of major challenges to health care 

system in these days. Both type 1 and type 2 DM is strongly related to cognitive 

impairment and known to be a major risk factor in the development of probable 

Alzheimer’s disease. In this review, the various mechanisms involved in the 

development of neuronal degeneration associated with chronic hyperglycaemia are 

discussed. 
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plaques. The accumulation of senile plaque leads to 

activation of microglial cells and proinflammatory 

cytokines which are responsible for inflammatory 

responses in neocortex and hippocampus. Imbalance 

between kinases and phosphatases causes 

hyperphosphorylation of tau protein that results in 

neuronal loss and degeneration. The 

hyperphosphorylated or pathologically modified tau 

protein aggregate into neurofibrillary tangles in brain 

and contributes to neuronal loss and degeneration 

(Ghanemi, 2015; Saido, 2013; Belluti et al., 2013; 

Thota et al., 2007). 

Diabetic encephalopathy is a condition triggered by 

DM, which is characterized by electrophysiological, 

structural and neurochemical changes in the brain 

leading to cognitive impairments. The most common 

altered cognitive function in early onset of DM is 

memory impairment (Liu et al., 2008). The prominent 

common pathological feature in DM and AD is 

extracellular aggregation of insoluble amyloid beta 

proteins.  

 

Common pathological features between 

diabetes mellitus and Alzheimer’s disease 

 

Amyloidogenesis  

DM and AD are known to be amyloid forming 

diseases. The pathological hallmark of AD is the 

extracellular amyloid plaque. The primary component 

of this amyloid plaque is the Aβ peptide 1–42. Aβ is 

derived from the amyloid precursor protein (APP) by 

proteolytic cleavage. APP is the base of molecular 

pathology of which impairs glucose metabolism and 

tolerance in brain (Bigl et al., 2003). The deposition of 

amyloidogenic peptide is also seen in the islets of 

Langerhans in DM in the same manner. The islet 

amyloid deposit is known as Islet Amyloid 

Polypeptide (IAPP) or amylin which is a 37 amino 

acid peptide. 

IAPP is co secreted with insulin. Together with the 

insulin and glucagon IAPP acts as a satiety and 

adiposity signal in regulation of food intake and body 

weight. The human Aβ1-42 and IAPP are highly 

susceptible for aggregation and thus they can easily 

lead to the formation of polymers (Yang and Song, 

2013; Sun et al., 2012). 

Aggregates of Aβ oligomers and also their early 

intermediate assemblies provoke toxicity to neurons. 

Similarly, aggregates IAPP produces toxicity to β-

cells of islets of Langerhans (Porat et al., 2003). IAPP 

oligomers reacts same way toward cultured β cells as 

how Aβ oligomers react to neurons (Zhao and 

Townsend, 2009). 

 

Impairment in energy metabolism 

Glucose is the main source of energy for the neurons 

in the brain. Thus any impairment in the utilization 

and glucose metabolism forms the pathological basis 

of DM (Hoyer, 1990). In total body glucose, 18-30% is 

consumed by brain. Disruption in the supply, 

transport or utilization of glucose can lead to neuronal 

damage and functional deficits in brain. Neuronal 

death always accompanies insulin resistance in 

developing human brains which may even cause 

permanent brain damage (Dunne et al., 2004; 

Strachan et al., 1997; Tun et al., 1990; Richardson, 

1990). This gives a clear indication that cognitive 

function is affected by disruption in glucose 

metabolism.  

Clinical studies have revealed that AD patients had 

severely impaired glucose metabolism in their 

cerebral cortex. In early stages, the hypometabolism 

was found to be prominent in parietotemporal and the 

posterior cingulate regions, as the disease 

progresses it is observed spread to the prefrontal 

cortex (Mosconi et al., 2008; Small et al., 2000). AD 

genetic risk factor is strongly correlated to abnormal 

glucose metabolism. Metabolic reduction of glucose 

in posterior cingulate regions of AD transgenic animal 

model was reported by Valla et al. (2008).  

The association between impaired glucose transport 

and neurodegeneration links the major glucose 

GLUT1 which is selectively expressed in the 

endothelium of the blood brain barrier. Significant 

reduction of GLUT1 is seen in aged humans and AD 

transgenic mice model coinciding with hippocampal 

atrophy (Hooijmans et al., 2007) 

 

Oxidative stress and high level of advanced 

glycation end products (AGEs) 

Non-enzymatic glycation and oxidation of cellular 

proteins, nucleic acids and lipids by reducing sugars 

leads to accumulation of AGEs in chronic 

hyperglycemia. Accumulated AGEs binds to the 

receptor “RAGE” expressed on various cells such as 

microglia, vascular smooth muscle cells, 

mononuclear phagocytes and endothelial cells. AGEs 

interact with RAGE and triggers signalling cascade 
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leading to increased oxidative stress by up-regulating 

transcription factor NF-κB. This leads to increased 

secretion or production of inflammatory cytokines 

such as TNF-α and IL-6. Thus the interaction of 

RAGE-AGE is depicted as a major source of 

oxidative stress and inflammation which is correlated 

with diabetic complications as well as 

neurodegenerative diseases.  

AGE is known to be an accelerating factor for Aβ 

aggregation (Reddy et al., 2002). Evidence suggest 

that the neurofibrillary tangles are stabilized by 

glycation of tau protein which actually results from 

accumulated AGE products. Thus AGE contributes to 

amyloidosis and neurofibrillary tangle formation in 

brain. Abnormally hyperphosphorylated tau protein 

localised in neuronal axons is known to be the major 

component in neurofibrillary tangles (Zhao and 

Townsend, 2009; Smith et al., 1995). 

 

Role of insulin receptor and insulin receptor 

substrates  

Modulation of synaptic plasticity and cognition are the 

major functions of insulin receptor in brain (Zhao and 

Townsend, 2009). The abundant distribution of insulin 

receptors in cerebral cortex, amygdala and 

hippocampus are the evidences for their involvement 

in cognitive process and synaptic activity. Studies 

have shown that animals with increased amount of 

insulin receptor and insulin receptor substarte-1 in the 

hippocampal synaptic membranes show better spatial 

memory compared to the diabetic animals which 

showed reduction in hippocampal insulin receptor. 

Accumulated Aβ competes with insulin to bind to the 

insulin receptor and interferes with insulin signalling. 

Impaired insulin signalling is reported to be a main 

cause of reduced clearance of Aβ oligomers (Yang 

and Song, 2013). 

 

Insulin resistance  

The declined ability of insulin receptor to respond to 

insulin stimulation is known as insulin resistance. 

Insulin resistance is an early feature of DM and it 

could be detected 10-20 years before the actual 

episode of clinical hyperglycemia. Even though brain 

insulin receptors are having a different structure when 

compared to the peripheral receptors, studies 

suggest that reduction in insulin level leads to 

functional debility (Zhao and Townsend, 2009). 

Impaired insulin receptor signalling is known to be a 

mediator of cognitive impairment in both DM and AD. 

It activates glycogen synthase kinase 3b and 

hyperphosphorylation of tau protein and reduces 

phosphatidylinositol-3-kinase/ Akt pathway signalling 

(Liu et al., 2013; Liu et al., 2008). 

 

Inflammation  

DM is projected to be an autoinflammatory disease 

where inflammation plays a major role in the 

development of insulin resistance. Patients with type 

2 DM are reported to have elevated levels of 

circulating cytokines and chemokines. In addition 

elevated level of B–cell, IL-1b,  

 islet-associated macrophages and reduced IL-1 

receptor antagonist are observed in such patients 

reflecting inflammation in the pancreatic islet. 

Evidence suggests that insulin resistance has a 

strong connection to circulating levels of inflammatory 

mediators. Serum C reactive protein is one such 

example for inflammation marker. Similarly post-

mortem AD brains had shown up-regulation in the 

levels of chemokines, complement proteins and 

cytokines. This indicates the association of AD to the 

wide range of immune and inflammatory pathways 

(Mushtaq et al., 2015). 

Hepatic insulin resistance caused by elevated 

cytokine level gives the clue for the correlation of 

inflammation to DM in obese individuals. Over-

expression of TNF-α derived from activated 

macrophages in adipose tissues of obese mice was 

revealed by Aziz et al. (2012). Peraldi and 

Spiegelman (1997) reported that TNF-α impairs 

insulin signalling by inhibiting insulin receptor tyrosine 

kinase activity and tyrosine phosphorylation of IRS-1.  

 

An overview of studies on DM and the 

related memory impairments 

This part of review deals with studies reported on 

streptozotocin (STZ) induced DM and the related 

memory impairments and also the effect of DM and 

the prediabetictic state on synaptic plasticity. 

The modifications caused by STZ mainly result from 

its ability to induce diabetic state. Rahigude et al. 

(2012) have reported that high-fat diet for two weeks 

and a low dose of STZ (35mg/kg) leads to diabetes 

related memory impairment. Liu et al. (2013) have 

used STZ in the dose 65mg/kg to induce diabetes 

related brain encephalopathy. The STZ induced 

diabetic state was reported to increase Aβ protein 
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level 1- 40 in the brain by Liu et al. (2008). Li et al. 

(2012) correlated administration of STZ to tau over-

expression and hyperphosphorylation and also utra-

structural changes in nucleus and nucleolus. Sasaki-

Hamada et al. (2012) revealed that hippocampal 

synaptic plasticity is influenced by diabetes in STZ-

treated rats. They also highlighted that the age of 

diabetes onset is also important in the 

pathophysiology of diabetes-induced cognitive 

difficulties as it varies with onset.  

Liu et al. (2013) studied the neuroprotective effect of 

Liuwei Dihuang decoction on cognition deficits of 

diabetic encephalopathy in STZ-induced diabetic rat. 

In this study, a high glucose fat diet and STZ in the 

dose of 40mg/kg was used to produce a model of 

diabetic encephalopathy.  

Soares et al. (2013) investigated the link between 

hippocampal dysfunction and the presence of spatial 

learning and memory deficits in a prediabetic animal 

model. The authors concluded that prediabetic state 

induced by 9 weeks sucrose consumption induced 

short and long term spatial memory deficits. Thus, 

this study evidenced that the prediabetic state is 

related to spatial memory impairments.  

Jolivalt et al. (2012) reported that type 1 DM and 

Alzheimer’s disease are known to have a similar 

pattern of peripheral neuropathy in mouse models. 

They examined insulin signalling in the sciatic nerve 

of APP over-expressing transgenic mice and insulin-

deficient mice. The data obtained from this study 

depicted that there are deficits in the insulin signalling 

pathway in both the diseases. 

Another study conducted by Ariza et al. (2014) 

interconnected early peripheral sensorimotor 

neuropathy to experimental diabetes in neonatal 

mice. Sciatic nerve and tibial nerve was taken as an 

index to measure the extent of peripheral neuropathy. 

They reported a decrease in the number of 

myelinated fibers, its thickness, size and decrease in 

nerve conduction velocity. This study indicated type 1 

diabetes induced early peripheral neuropathy as a 

preferable model to assay pharmacological therapy in 

the treatment of diabetic neuropathy. 

Kamboj et al. (2009) exposed that synaptosomal 

membrane fluidity and activity of membrane bound 

enzymes can be altered by hyperglycemia and 

related oxidative stress. The results of this study 

clearly suggested disquiets in membrane fluidity and 

lipid composition as a major factor in the 

development of diabetic encephalopathy.   

Conclusion 

It is clear that AD and DM share a number of 

molecular processes that involves in neuronal 

degeneration; however, the exact molecular 

mechanism underlying the link between DM and AD 

still remains subtle. Impairment in energy 

metabolism, amyloidogenesis, oxidative stress, 

advanced glycation end products, impairment of 

insulin signalling as well as inflammation are 

highlighted in the present review. Although each 

could mediate its distinctive effect on AD pathology, it 

is likely that a combination of several of these factors 

acts in a synergistic way in promoting the 

development of AD. Evidences also support that DM 

and prediabetic state are strongly connected to 

related memory impairments. 
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