
 

Science Journal of Clinical Medicine 
2013; 2(3): 114-121 

Published online June 30, 2013 (http://www.sciencepublishinggroup.com/j/sjcm) 

doi: 10.11648/j.sjcm.20130203.20 

 

Alzheimer’s disease and type 2 diabetes mellitus: Risk 
factors and effectiveness of antidiabetic agents in 
treatment of Alzheimer’s disease 

Aye Aye Myint
1,*

, Kyaw Soe Win
2
, Zaw Aung

3
  

1Jeffrey Cheah School of Medicine and Health Sciences, Monash University Sunway Campus, Clinical School Johor Bahru, Johor Bahru, 

Malaysia 
2Lashio General Hospital, Myanmar 
3Faculty of Medicine and Health Sciences, UCSI University, Terengganu Campus, Terengganu, Malaysia 

Email address:  
a2myintster@gmail.com(Myint A. A.), kyawsoewin2006@gmail.com(Win K. S.), za.january@gmail.com(Aung Z.) 

To cite this article: 
Aye Aye Myint, Kyaw Soe Win, Zaw Aung. Alzheimer’s Disease and Type 2 Diabetes Mellitus: Risk Factors and Effectiveness of 

Antidiabetic Agents in Treatment of Alzheimer’s Disease. Science Journal of Clinical Medicine. Vol. 2, No. 3, 2013, pp. 114-121.  

doi: 10.11648/j.sjcm.20130203.20 

 

Abstract: The aim of this review is to highlight the association between type 2 diabetes mellitus (DM) and cognitive 

impairment/Alzheimer’s disease (AD) and provide an updated summary of the evidence related to various potentially 

modifiable risk factors such as hyperinsulinaemia,insulin resistance,hypo-and hyperglycaemia, vascular risk factors like 

hypertension and obesity, micro and macrovascular complications, depression in AD.Treating modifiable risk factors can 

reduce the prevalence of AD.In addition we provide the information about potential benefits of antidiabetic agents for 

slowing of cognitive decline and AD in patients with type2 DM. There were studies demonstrating the novel effects of 

antidiabetic agents on neuronal functions by increased insulin signaling in an AD brain with  a neuroprotective  and 

neurotrophic effect. In this regard insulin, metformin and thiazolidinediones (in particular, rosiglitazone and pioglitazone ) 

would have potential  protective effect for the development of AD. 
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1. Introduction 

Alzheimer’s disease is one of the most common types of 

dementia, comprising about 60-80% of the dementia cases. 

Dementia is one of the most frequent neurodegenerative 

disorders in the elderly due to the increasing life 

expectancy. According to the estimates the number of 

dementia patients will be raised from 24.3 million in 2001 

to 81.1 million in 2040 worldwide [1,2]. 

Both longitudinal and cross-sectional studies have shown 

compelling evidence that type 2 diabetes mellitus (type 

2DM) has an increased risk of cognitive impairment and 

dementia [3-9]. In general, the incidence of dementia in 

diabetes is raised by 50%-100% compared to people 

without diabetes. Therefore presently 1 in 10-15 cases of 

dementia are attributable to diabetes [10, 11].  

Population based studies identified that type 2 diabetes is 

one of the modifiable risk factors  for Alzheimer’s disease 

(AD) and has  a 1.5 to 2 fold increased risk to develop 

cognitive impairment [10-17]. Among the various types of 

predictors the macrovascular disease is a strong predictor 

of dementia in diabetes. The observational studies have 

identified an association between type 2 DM and increased 

risk of cognitive impairment and dementia, Alzheimer’s 

disease.The common pathological finding in both 

conditions is the deposition of significant quantities of 

amyloid in the brain and pancreas. They are characterized 

by fibrillar protein aggregates – amylin in diabetic’s 

pancreatic islets, and β-Amyloid (Aβ) and neurofibrillary 

tangles (NFTs) in AD brain. Amylin accumulation leads to 

pancreatic β-cell loss in cases of diabetes, and Aβ and NFT 

formation cause neuronal cell loss in cases of dementia. 

Therefore type 2DM and AD is considered as a disease 

with similar pathological process.  

There are two forms of Alzheimer’s disease; familial and 

sporadic forms. The autosomal dominant type, familial 

forms usually manifest before age 65, and 5% of cases 

develop AD in the fifth decade or earlier [18]. 

In sporadic forms, the prevalence has been found to 
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correlate with various environmental factors related to 

oxidative stress and aetiology is multifactorial .Age is 

being a key risk factor in which some genetic 

polymorphisms are known to be as predisposing factors 

[19]. 

2. Risk Factors for AD in Type 2 DM 

Management of potentially modifiable  risk factors may 

reduce cognitive decline in cases of type 2 diabetes with 

AD.AD prevention strategies would have the greatest effect 

on AD prevalence. 

3. Hyperinsulinaemia and Insulin 

Resistance 

Insulin secretion and action are two important 

components of glucose metabolism and the development of 

glucose intolerance in type 2 DM [20]. In general insulin 

acts as a major role in memory and brain function in 

patients with AD. On Brain, CNS insulin influences 

cognitive function by regulating neuronal functions, 

neurogenesis and neurotransmitter regulation. Insulin also 

controls levels of the beta amyloid peptide in the brain. In 

neuropathological studies of patients with AD showed that 

reduced insulin signaling may alter the normal function of 

brain insulin. [21-23]. 

Plasma insulin concentration is elevated in patients with 

type 2 DM because of peripheral insulin resistance. 

Hyperinsulinaemia is one of the predictors of memory 

impairment and AD [24]. Large population’s studies on 

vascular risk factors have demonstrated that an increase in 

brain insulin is found to be associated with poor 

performances on the MMSE. Epidemiological studies of 

non-diabetic adults showed that high concentration of 

insulin in the brain was associated with poor memory 

performance and an increased risk of AD [26-30]. AD 

patients with lower concentrations of insulin in the cerebro-

spinal fluid may develop neuronal dysfunction [31, 32]. 

But the mechanism of cognitive impairment of insulin 

resistance and hyperinsulinaemia remains speculative [25]. 

4. Hyperglycemia 

It has been postulated that chronic hyperglycemia is 

associated with increased speed of cognitive impairment in 

the elderly. Studies in human and animal models showed 

that even the moderate increases in glucose levels can 

affect cognitive function [31]. 

Studies in patients with type 1 diabetes suggested that 

chronic hyperglycemia may cause memory impairment. 

Cross-sectional studies in patients with type 2 diabetes also 

observed similar finding. The DCCT study demonstrated 

that cognitive function was deteriorated by cerebral micro 

vascular disease, induced by chronic hyperglycemia 

[32] .One study highlighted that oxidative stress of 

hyperglycemia can have a direct neurotoxic effect on brain 

cells [33]. 

Data from the Kungsholmen project showed that very 

old patients with uncontrolled diabetes (Hb 

A1C>11mmol/L) had the highest risk of AD and stroke 

independent of vascular co-morbidities [34]. 

5. Hypoglycemia 

Hypoglycemia especially is a well-known complication 

of type 1 diabetes than type 2 DM. In hypoglycemic, if the 

blood glucose level is low below 3.0mmol/L, brain 

cognitive function is rapidly deteriorating and it regains 

with normal glucose levels [35, 36]. The studies have 

observed that the frequency of severe hypoglycemia was 

not associated with poor cognitive function over the 18 

year study period [32]. 

The Fremantle diabetes study has found that there were 

no significant findings of cognitive impairment by severe 

hypoglycemia in the older type 2 diabetic patients [37]. So 

far there are no data to identify the adverse effects of 

hypoglycemia on cognitive function in type 2 diabetic 

patients. 

6. Vascular Risk Factors  

One of the contributing factors for AD pathology is poor 

cerebral perfusion which may be accelerated by pre-

existing cerebral micro vascular abnormalities [38]. 

In the general population, the risk of dementia is 

increased with vascular risk factors such as hypertension, 

dyslipidaemia and obesity especially present at middle age 

[39]. In the elderly, the association between cardiovascular 

risk factors and cognitive impairment is generally less 

consistent [40, 41]. 

Diabetes is usually accompanied by common 

cardiovascular risk factors, such as hypertension, 

dyslipidaemia and obesity, which might harm the brain 

function. There is evidence that dyslipidaemia was one of 

the causes for poor memory function in middle-aged 

patients with diabetes [42]. One longitudinal study in 

elderly patients with diabetes observed that cognitive 

decline has found to be associated with higher baseline 

total cholesterol [43]. 

In addition, a cross- sectional study showed better 

cognitive function with the use of lipid-lowering drugs. 

[44]. One longitudinal study reported that poor  cognitive 

performance in  type 2 diabetic patients was related to long 

term exposure to  hypertension [45]. 

Obesity is not only an important risk factor for the 

development of type 2 diabetes mellitus but also modifiable 

risk factors for AD and dementia [46]. Studies 

demonstrated that obesity (body-mass index ≥30kg/m
2 

) 

was an additional contributor to excess risk of all types 

dementias including AD [47] .Fitzpatrick et al reported that 

obesity in midlife was a significant increased risk factor for 

dementia. On the other side, there was a significant 
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association between obesity and a reduced dementia risk in 

older patients [41]. Evidence suggests  that low body-mass 

index in the elderly appears to be  associated with an 

increased risk of cognitive dysfunction and AD [49,50]. 

7. Micro-and Macro Vascular 

Complications 

There is a recognized association between macro- and 

micro vascular disease and pathogenesis of dementia. 

Cerebral micro vascular disease like lacunar infarcts are 

frequently found in people of AD with diabetes. The 

mechanism of cerebrovascular disease in people with type 

2 diabetes is linked with multiple metabolic and 

haemodynamic defects [51, 52]. Studies in patients with 

type 1 diabetes, advanced micro vascular disease was 

known to be associated with poorer cognitive performance 

[53-55]. However cross-sectional studies in patients with 

type 2 diabetes did not show a compatible association 

between mild micro vascular disease and cognition [56,57]. 

Diabetes is one of the established risk factors for 

atherosclerotic disease [58]. In patients with type 2 diabetes 

with  an atherosclerotic disease was found to be associated 

with cognitive impairment [44,59,60]. Moreover, cognitive 

impairment was found in patients with stroke in diabetes or 

peripheral arterial disease. [43, 61]. 

Studies on cognitive function of patients with type 2 

diabetes, a history of macro vascular disease and elevated 

HbA1c levels were the most consistent risk factors for 

cognitive dysfunction. Even without macro vascular 

disease; type 2 DM was still associated with cognitive 

decrements, showing that the vascular risk factors were 

merely affecting cognitive impairment [59, 62, 63]. 

8. Genetic Factors 

ApoE 

ApoE-ε4 is associated with an increased risk for 

cognitive impairment and AD.The Cardiovascular Health 

Study showed that subjects with any ApoE-ε4 allele with 

DM have an increased risk of cognitive decline than those 

without the ApoE-ε4 alle [64]. 

The studies provided evidence that type 2 diabetes with 

ApoE-ε4 allele had a higher risk of cognitive decline or 

dementia [65,66]. Another factor, insulin-degrading 

enzyme is indicated to intervene the connection between 

type 2 diabetes and Alzheimer’s disease [67]. Insulin-

degrading enzyme breakdowns insulin and amyloid-β, the 

main component of amyloid plaques deposited in the brain 

of patients with AD. The risk of type 2 diabetes and AD 

was higher in the conditions with changes the insulin-

degrading enzyme [68, 69].  

9. Depression 

Depression is a recognized risk factor for cognitive 

impairment in patients with diabetes. Patients with type 2 

diabetes have a higher rate of depression, compared to non-

diabetic persons [70]. The proportion of depressive cases 

was 31% in the patients with type 2 diabetes and a major 

depressive disorder was comprised of a 11%. [61]. The 

relationship of type 2 diabetes and depression is merely 

understood. It is postulated that depression is due to 

dysfunction of neurotransmitters resulting from metabolic 

changes of type 2 DM [71].Besides that, depression might 

result from cerebro vascular disease in the 

brain[72,73].Moreover, the relation between diabetes and 

depression may be bidirectional as type 2 diabetes may  

develop from depression [74].   

10. Others 

Inflammation 

The inflammatory process is involved in the 

development of macro vascular disease, one of the risk 

factors for AD in patients with type 2 diabetes. Studies 

showed that there was an association between systemic 

inflammatory marker-reactive protein and increased risk of 

AD [75, 76]. As and evidence; inflammatory cytokine IL-6 

is present in senile plaques in AD patients [77].  

Insulin resistance, a main feature of type 2 diabetes is 

associated with elevated levels of the inflammatory 

markers like interleukin-6, C-reactive protein and Alpha-1 

antichymotrypsin [77, 78]. Raised inflammatory markers in 

type 2 DM correlates with an increased risk of cognitive 

decline and or dementia [26]. 

11. Treatment of Cognitive Impairment 

& AD in Type 2 DM 

To date there is no effective and curative therapy for 

poor cognitive function in type 2 DM. However, there are 

studies revealed that modest cognitive decline in patients 

with type 2 DM were partially reversible with improvement 

of glycemic control, but that concept is still uncertain [79]. 

12. Glycemic Control on Cognitive 

Function 

Intensive diabetic therapy vs conventional diabetes 

therapy  

The DCCT trial indicated that there was no evidence of 

differences in cognitive improvement between patients with 

type 1 diabetes on conventional treatment and those with 

intensive treatment [32]. 

The studies, (UKPDS 1999 and ADVANCE) were 

designed to compare the effect of intensive inpatient 

glycemic treatment with standard treatment on cognitive 

function in patients with type 2 diabetes. Both studies 

showed that the difference between these two groups was 

statistically insignificant [80,81]. This finding was 

supported by ACCORD MIND (Memory in Diabetes) 
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study; a sub study of ACCORD, a randomized study to 

evaluate the effect of intensive glucose lowering on 

cognitive function in elderly type 2 diabetes. The results of 

this study suggested that there was no significant effect on 

cognitive function by intensive glycemic control [80-82]. 

13. Role of Antidiabetic Agents in 

Alzheimer’s Disease 

13.1. Clinical Trials of Antidiabetic Agents in Alzheimer’s 

Patients 

There is some evidence that antidiabetic agents have 

potential benefits  in treating Alzheimer's disease (AD). 

Studies on the effect of antidiabetic agents such as 

intranasal insulin, rosiglitazone (RSG), pioglitazone (PGZ), 

and metformin in non-diabetic AD patients  have shown a 

possible pathophysiological association  between diabetes 

and AD. 

Following trials have been done to evaluate the potential 

benefits of antidiabetic drugs in Alzheimer’s patients. 

13.2. Peroxisome Proliferator-Activated Receptor-Γ 

(Pparg) Agonists 

The studies concluded that glitazone activates PPAR that 

decreases plasma glucose by (1) directly intensify insulin-

mediated glucose up-take in skeletal muscle, (2) directly 

suppressing hepatic glucose production and (3) indirectly 

by transcriptional up regulation of adiponectin expression 

in adipose tissue. In addition, it acts on PPAR-gamma 

receptors in the brain, anti inflammatory, neuroprotective 

and neurotropic effect of rosiglitazone could be a potential 

mechanism of action in treating AD. Peroxisome 

proliferator-activated receptor- γ is a key neuromodulator 

found in increased amounts in the brain of AD patients . 

Peroxisome proliferator-activated receptor- γ plays various 

processes supposed to be considered the pathogenesis of 

both diabetes and AD. Thiazolidinediones (in particular, 

rosiglitazone and pioglitazone) diminish cerebral 

inflammation through inhibition of IL-6 and tumor necrosis 

factor. Such actions create a theory to regulate the rapid 

growth of β-amyloid peptide and enhance cognitive 

function in AD patients [83, 84]. 

There were studies which demonstrated the potential 

benefits of PPAR γ agonists in patients with type 2 DM and 

mild cognitive impairment and/or mild to moderate AD. 

[85] 

The results of Watson et al. [86] showed a direct 

relationship between insulin levels and cognitive 

improvement in the rosiglitazone group compared with a 

placebo group. Another, two recent pilot studies [87, 88] 

are consistent with the findings of Watson et al .  

In summary, based on the studies reviewed, 

thiazolidinediones might aid an adjuvant therapeutic 

benefit in patients of AD with type 2 DM. 

13.3. Insulin Therapy 

Massimiliano et al 2009 studied effects of insulin therapy 

on cognitive impairment in patients with Alzheimer disease 

and type 2 diabetes. A total of 104 patients with type 2 DM 

and AD were divided into 2 groups; group A, patients 

assigned oral antidiabetic drugs and group B, assigned 

insulin combined with other oral antidiabetic agents. 

Cognitive function was assessed by the Mini Mental State 

Examination (MMSE) and the Clinician’s Global 

Impression (CGI). The study indicated that MMSE scores 

showed a significant low in 56.5% patients of group A and 

in 23.2% patients of group B, compared to baseline MMSE 

scores. [89, 90] 

This study suggested that insulin therapy could have 

benefited in decrease cognitive decline in patients with AD. 

13.4. Intranasal Insulin  

Intranasal insulin enhances brain insulin signaling in 

patients with AD with no effect on peripheral insulin levels. 

Intranasal insulin has been shown to increase CSF insulin 

which causes e memory improvement within a very short 

period of time in older adults with MCI and AD. Animal 

models confirm intranasal insulin makes a rapid appearance 

in areas important to memory, including the hippocampus. 

Insulin follows extracellular pathways and directly to the 

brain within 15 minutes .There was no risk of 

hypoglycemia as large amount of insulin bypassed 

peripherally .Two randomized placebo-controlled trials 

supported the beneficial effects of intranasal insulin on 

memory in subjects with dementia. [90, 91].  

13.5. Metformin 

Metformin is a biguanide that enhance insulin-sensitivity, 

increase glucose uptake, decrease hepatic glucose synthesis, 

activate AMP activated protein kinase (AMPK, an enzyme 

involved in glucose and fatty acid metabolism), and cause 

mitochondria inhibition. 

It probably acts independently of the PPAR pathways, 

has a similar effect on APP/Aβ metabolism. The cohort 

study of Chih et al showed that sulfonylureas and 

metformin decreases the risk of dementia in patients with 

diabetes by 35% over 8 years [92]. Further studies of 

mechanisms of metformin action could contribute to its 

wider use for the prevention of type 2 DM, cancer, and 

Alzheimer’s disease. This finding has been supported by 

some studies to explore the potential benefits of metformin 

therapy on cognitive function in patients with type 2 DM 

[93]. 

13.6. Glucagon-Like Peptide-1 Analogue 

Glucagon-like peptide-1 (GLP-1), secreted from the 

gastrointestinal tract lower blood glucose level by 

increasing insulin secretion by the pancreatic islet β cell 

proliferation. It also has neurotrophic properties through 

GLP-1 receptors and can reduce the amyloid-β peptide (Aβ) 
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in the hippocampus which is a pathological marker of AD. 

GLP-1 may also be important for the production of new 

nerve cells in the mouse brain [94]. 

This potential therapeutic effect of GLP-1 analogue in 

AD was supported by one animal (Alzheimer’s mouse) 

study which demonstrated the neurotrophic effect of GLP-1 

analogue by reducing Aβ levels in the mice brain [95] 

14. Conclusion 

This review article provides the association  of diabetes 

in the pathogenesis of AD. It highlights that management of 

vascular risk factors may be beneficial for preventing 

cognitive decline and dementia including Alzheimer’s 

disease in persons with type 2 DM. There is no definite 

consensus about the value of any type of diabetic treatment 

to prevent cognitive impairment in people with Type 2 DM. 

However recent data suggest that  antidiabetic agents such 

as intranasal insulin, rosiglitazone (RSG), pioglitazone 

(PGZ), and metformin could have potential benefit to 

promote  cognitive impairment  in patients with AD. This 

knowledge may assist to motivate researchers  to make 

greater efforts on potential new pharmacotherapy for AD 

patients.   

15. Data Sources 

All the relevant articles from Medline, PubMed and 

Medscape were searched using the key terms Alzheimer’s 

disease, dementia, antidiabetic agents and type 2 DM.  
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