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INTRODUCTION

On 3 November 1906 in Munich, the neuropathologist Alois 
Alzheimer first reported the presence of (i) neurofibrillary
tangles in neurons of the cortex and hippocampus, and (ii) 
extracellular cerebral deposits of amyloid in “presenile demen-
tia”, later identified asAlzheimer’s disease, a catastrophic brain
damage leading to loss or decline in memory and other cogni-
tive abilities. Dementia is a common problem affecting older 
persons. In the UK alone, it is estimated that nearly 700,000 
people have dementia, while worldwide this figure approaches
30 million individuals, including patients with Alzheimer’s 
disease (1). The direct and indirect coasts of Alzheimer’s and 
other dementias in the United States amount to more than 148 

billion dollars each year. Over 2 million of the United King-
dom population are diagnosed with diabetes mellitus, type 2 
diabetes being a prominent expression of the disease.
 Over the last few years, a large number of articles have 
drawn attention to the association between dementia and type 
2 diabetes mellitus. A causative link between Alzheimer’s 
disease and diabetes has been suggested based on clinical 
and epidemiological studies. One hypothesis is that the link is 
related to the function of insulin-degrading enzyme, an enzyme 
that degrades not only insulin and pancreatic amylin but also 
amyloid-beta peptide (Abeta) (2). A systematic review of 25 
longitudinal studies of cognitive function changes related to 
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diabetic status found that compared to non-diabetics, diabetics 
have both a greater risk and rate of cognitive decline (3). A 
study of a further 19 case-control studies examining cognitive 
function in type 2 diabetes came to the cautious conclusion 
that cognitive decline in diabetics may be due to metabolic 
abnormalities intrinsic to diabetes (4). A further systematic 
review of longitudinal population based studies has also found 
that any form of dementia is more frequent in diabetics and 
proposed 3 broad potential causes: vascular disease, alterations 
in glucose and insulin, and alterations in amyloid metabolism 
(5).
 Taken together, these studies give strong support to the ob-
servation that cognitive decline is more common in diabetic 
compared to non-diabetic subjects. Naturally, this makes us 
ask ourselves; why should this be? Let us look briefly at the
3 potential causes proposed above and one other which may 
provide a link between all 3 – cholesterol.

VASCULAR DISEASE

Diabetes can be considered as a cardiovascular (cardiometa-
bolic) disease, the risk of atherosclerotic disease being higher 
in diabetic versus non-diabetic patients. Higher than optimum 
blood glucose levels is a leading cause of cardiovascular mor-
tality in terms of ischaemic heart disease and also stroke (6).  
Meta-analysis has shown that attempts to improve glycaemic 
control also reduce macrovascular complications of diabetes 
(7). Vascular dementia is a common cause of dementia in the 
elderly, second only to Alzheimer’s disease. It is defined as loss
of cognitive function resulting from ischaemic, hypoperfusive, 
or hemorrhagic brain lesions due to cerebrovascular disease. 
A large clinical trial is currently under way to assess whether 
intensive treatment of diabetes can reduce the incidence of 
either Alzheimer’s disease or vascular dementia (8). Vascular 
dementia and Alzheimer’s disease both give rise to dementia, 
however they have distinct pathologies. This would suggest 
that vascular changes alone are not sufficient to explain a link
between diabetes and dementia, especially when linked to 
Alzheimer’s disease.

HYPOGLYCAEMIA

Insulin dependant, type 2 diabetics are at an increased risk 
of periods of hypoglycaemia. This risk increases with tighter 
glycaemic control regimes, which at the same time reduce the 
risk of vascular and neuropathic complications of diabetes. 
An inappropriately high insulin level leads to hypoglycaemia. 
The brain relies on glucose as a fuel source. The effects of 

hypoglycaemia upon brain function are profound, revers-
ible and short lived. A large randomised controlled trial, the 
DCCT/EDIC study looked at the effects of tight glycaemic 
control and number of hypoglycaemic events upon cognitive 
function. It was found that the cumulative number of hypogly-
caemic events did not influence long term cognitive function.
However, a higher glycosylated haemoglobin (HbA1c) value, 
indicating poorer glycaemic control was associated with a de-
cline in psychomotor function. This study suggests that while 
acute hypoglycaemia is dangerous, tighter glycaemic control 
in the long term reduces psychomotor function decline as seen 
in less well controlled diabetics (9). It would seem, therefore, 
that hypoglycaemic episodes are not responsible for long term 
cognitive decline.

AMYLOID METABOLISM 

Localised progressive amyloidosis is seen in both Alzheim-
er’s and type 2 diabetes. The formation of neurofibrillary
tangles composed of Abeta and abnormally phosphorylated 
mictotubule-associated tau protein has been well studied in 
Alzheimer’s disease but less so in type 2 diabetes, where amy-
loid accumulation is found in pancreatic islets. In both cases, 
misfolding of insoluble proteins leads to an interaction with 
cell membrane and a loss of normal cell function and ultimately 
cell mass. Both conditions can be considered to be a low grade 
inflammatory reaction associated with the elevation of circu-
lating pro-inflammatory cytokines and acute phase proteins
including serum amyloid A and C-reactive protein. Recently, 
another common player, acetylcholine (Ach), has been intro-
duced into diabetes-dementia link (10,11). Acetylcholine is one 
of the principle neurotransmitters within the human body and 
its brain deficit is a classical feature ofAlzheimer’s disease (1).
Acetylcholine is broken down by Ach esterase (AChE), found 
in high concentrations in nervous tissue. Intriguingly, the activ-
ity of AChE has also been implicated in an anti-inflammatory
pathway (10-13).  Selective inhibition of AChE to increase 
Ach concentration forms the basis of several anti-dementia 
drugs currently available. 
 Acetylcholine is also broken down by the related enzyme 
butyrylcholine esterase (BChE), which is found in the blood, 
pancreas, liver and central nervous system (CNS). In the 
healthy state, AChE predominates over BChE. The enzymes 
differ in their CNS localisation, AChE being localised to the 
neurons while BChE is localised to the glia, endothelial cells 
and neurons. AchE knockout mice are viable, this supports the 
notion that BChE has a key role and can partly compensate 
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for AChE (10,11,13,14).  
 Studies of Alzheimer’s brain tissue have localised BChE 
to neurofibrillary tangles and have shown BChE to attenuate
amyloid formation by interaction with the C terminus of Abeta 
(15).  It has also been found that increasing levels of BChE 
correlate positively with the development of neurofibrillary
tangle and plaque formation (11).  A particular variant of BChE, 
the K-variant (G1615A/Ala539Thr) has been associated with 
Alzheimer’s disease and the development of neurofibrillary
tangles and Abeta, when homozygous; no association has been 
proven with heterozygous allele carriage (16,17).  Selective 
inhibition of BChE in old rats has improved cognitive naviga-
tion (18). There have been recent developments in designing 
specific BChE inhibitors as potential treatment agents for
Alzheimer’s disease, however none have yet reached regular 
clinical use (19-21).
 Despite these interesting hypotheses, at present the evidence 
to support a genetic link between Alzheimer’s disease and 
type 2 diabetes based upon polymorphisms of the BChE gene 
is unclear. One study has found a link between the BChE K 
variant and type 2 diabetes (22), while a larger scale popula-
tion study found that while the K-variant of BChE was not 
associated with type 2 diabetes (23).

COULD CHOLESTEROL BE THE MISSING LINK?

The brain content of cholesterol is high, approximately 2% by 
weight. Circulating cholesterol is tightly bound to lipoproteins 
and its entry to the brain is tightly regulated and enters cells by 
receptor-mediated endocytosis using low-density lipoprotein 
(LDL) receptors. Little cholesterol crosses the blood-brain 
barrier and almost all of the brain’s cholesterol is synthesised 
by the brain itself. A complex biochemical pathway is involved 
in cholesterol synthesis, starting with acetyl co-enzyme A. The 
rate limiting step in this pathway is the synthesis of meval-
onic acid by the enzyme hydroxymethylglutaryl co-enzyme 
A reductase (HMG-CoA Reductase). This enzyme is said to 
be the most highly regulated enzyme in nature and is subject 
to feedback control at both protein and mRNA level from 
cholesterol. Insulin, acting through the phosphorylation of 
cAMP-response element protein has been found to increase 
HMG-CoA reductase activity by 10 fold in rat hepatoma cells. 
Insulin also acts to down regulate two enzymes involved in 
cholesterol breakdown, sterol 27-hydroxylase and cholesterol 
7α-hydroxylase (24).
 Cholesterol is implicated in amyloid formation as cholesterol 
and cholesteryl esters can directly regulate the generation 

of β-amyloid and inhibit its clearance (25). Cholesterol also 
accumulates within amyloid plaques (26) and binds directly 
to both β-amyloid and its precursor protein (27). A catalytic 
reaction between β-amyloid and cholesterol produces 7β-
hydroxycholesterol which is extremely toxic to hippocampal 
neurons, the area of the brain responsible for memory (28). 
 In type 2 diabetes, insulin resistance is seen, leading to higher 
levels of circulating insulin. Through its interaction with the 
cholesterol biosynthesis pathway could abnormal patterns of 
insulin secretion be causing an increase in cholesterol within 
the brain leading to increased amyloid formation and destruc-
tion of hippocampal neurons? If this is the case then could 
early type 2 diabetes begin a process of amyloid formation in 
both the brain and pancreas involving cholesterol? 
 The class of anticholesterol drugs known as the “statins” 
(e.g. simvastatin, pravastatin, rosuvastatin) inhibit cholesterol 
synthesis via a competitive inhibition of HMG-CoA reductase. 
Could they be used in the prevention or treatment of Alzheim-
er’s disease? At present the evidence is again lacking. Studies 
are reported to be on going but at present there is no clear evi-
dence for the use of statins as either a therapeutic intervention 
or preventative measure for Alzheimer’s development (29-31). 
In reducing the risk of vascular and atherosclerotic disease a 
role for statins is recognised. A link between vascular disease 
and type 2 diabetes may be found via insulin resistance lead-
ing to an increase in insulin circulation causing an increase in 
cholesterol which deposits in atherosclerotic plaques and also 
encourages amyloid formation. 
 Glucagon like peptide-1 (GLP-1) regulates insulin secretion 
and inhibits glucagon release thus regulating both insulin and 
glucose levels. In addition is has a role in reducing amyloid 
and protecting neural cells from apoptosis; GLP-1 has recently 
been endorsed as a promising new treatment for type 2 diabetes 
(32,33). Again, we await with interest the results of studies into 
possible GLP-1 use in dementia patients. Likewise, the body 
of evidence has to grow and further develop before an opinion 
can be reached on the suggestion that Alzheimer’s disease 
can be viewed as type 3 diabetes mellitus (34-37) as well as 
understanding the association between obesity and dementia 
(38-40). Further, altered, usually decreased, plasma levels 
of the neurotrophins nerve growth factor and brain-derived 
neurotrophic factor are associated with psychiatric disorders, 
such as depression and dementia, and diabetes including the 
metabolic syndrome (41-44).  Overall these may have impor-
tant therapeutic and public health implications.
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CONCLUSION

From the evidence available, diabetes and a general cognitive 
decline are associated with each other. Specifically, Alzheim-
er’s disease appears to be associated with type 2 diabetes. The 
nature of this association is not yet clear. Both conditions share 
the pathology of amyloid deposition and loss of cell function, a 
cholinesterase enzyme, common to both brain and pancreas, is 
associated with neurofibrillary tangles and a particular variant
of this enzyme is associated in homozygotes with the develop-
ment of amyloid depositions. Cholesterol is associated with the 
formation of amyloid, and toxicity to hippocampal neurons and 
the synthesis of cholesterol is increased by insulin. However, 
conflicting evidence make these difficult to interpret and their
relationships remain unclear. Other mechanisms of cognitive 
decline include vascular complications of diabetes associated 
with poor glycaemic control. It is possible that both Alzheim-
er’s and vascular dementia can coexist in a person with one or 
the other been the predominant form of cognitive decline.
 At present we are unable to clearly define the link between
Alzheimer’s and diabetes, could we be looking at several 
mechanisms interacting with each other or have we just ex-
amined several small parts of a bigger pathway? Should BchE 
inhibitors come into clinical use, while evaluating their effect 
upon cognitive decline, the progression of diabetes or indeed 
development of diabetes in subjects will be interesting to ob-
serve. As studies continue into the use of statins in the preven-
tion and treatment of Alzheimer’s disease we have to wait for 
the results with cautious optimism. Likewise, we must await 
other studies involving agonists of peroxisome proliferator-
activated receptors gamma, the known insulin sensitizers and 
anti-inflammatory drugs (37). The clinical use if GLP-1 will
also help our understanding into these complex relationships. 
Research into this topic has generated as many questions as 
is has answers. Likewise, studies are required to pursuit an 
eventual link between diabetes and other, non-Alzheimer’s 
types of dementias such as vascular dementia, dementia with 
Lewy bodies, Parkinson’s disease, mild cognitive impairment, 
and even Creutzfeldt-Jakob disease (insulin-prion protein as-
sociation?).
 As Robert Frost would tell us, while we dance round in our 
ring and suppose, the link between diabetes and dementia stays 
firmly in the middle and knows.

REFERENCES 

1. Tschäpe JA, Hartmann T. Therapeutic perspectives in 
Alzheimer’s disease. Recent Patents CNS Drug Discov 
2006; 1: 119-127. 

2. Qiu WQ, Folstein MF. Insulin, insulin-degrading enzyme 
and amyloid-beta peptide in Alzheimer’s disease: review 
and hypothesis. Neurobiol Aging 2006;27: 190-198. 

3. Cukierman T, Gerstein HC, and Williamson JD. Cognitive 
decline and dementia in diabetes – systematic overview 
of prospective observational studies. Diabetalgia 2005; 
48: 2460-246.

4. Strachen MW, Deary IJ, Ewing FM, Frier BM. Is type 
II diabetes associated with an increased risk of cogni-
tive dysfunction? A critical review of published studies. 
Diabetes Care 1997; 20: 438-445.

5. Bissels GJ, Staekonborg S, Brunner E, Brayne C, Sheltens 
P. Risk of dementia in diabetes mellitus: a systematic 
review. Lancet Neurol 2006; 5: 64-74.

6. Danaei G, Lawes CM, Vander Hoorn S, Murray CJ, Ezzati 
M. Global and regional mortality from ischaemic heart 
disease and stroke attributable to a higher-than-optimal 
blood glucose concentration: comparative risk assessment. 
Lancet 2006; 368: 1651-1659.

7. Stettler C, Allemann S, Jüni P, Cull CA, Holmann RR, 
Egger M, et al. Glycaemic control and macrovascular 
disease in types 1 and 2 diabetes mellitus: meta-analysis 
of randomised trials. Am Heart J 2006; 152: 27-38.

8. Williamson JD, Miller ME, Bryan RN, Lazar RM, Coker 
LH, Johnson J, et al. The action to control cardiovascular 
risk in diabetes memory in diabetes study (ACCORD-
MIND): rationale, design and methods. Am J Cardiol 
2007; 99: 112i-122i.

9. Jacobson AM, Musen G, Ryan CM, Silvers N, Cleary P, 
Waberski B,  et al. Diabetes Control and Complications 
Trial/Epidemiology of Diabetes Interventions and Com-
plications Study Research Group. N Engl J Med 2007; 
356: 1842-52

10. Sridhar GR, Thota H, Allam AR, Babu CS, Prasad AS, 
Divakar C. Alzheimer’s disease and type 2 diabetes melli-
tus: the cholinesterase connection? Lipids Health Disease 
2006; 5: 28.

11. Rao AA, Sridhar GR, Das UN. Elevated butyrylcholineste-
rase and acetylcholinesterase may predict the development 
of type 2 diabetes mellitus and Alzheimer’s disease. Med 
Hypotheses 2007; 69: 1272-1276.

12. Borovikova LV, Ivanova S, Zhang M, Yang H, Botchkina 
GI, Watkins LR, et al. Vagus nerve stimulation attenuates 
the systemic inflammatory response to endotoxin. Nature 
2000; 405: 458-462.

13. Das UN. Acetylcholinesterase and butyrylcholinesterase 
as possible markers of low-grade systemic inflammation.



63

Biomed Rev 18, 2007

Diabetes and dementia

Med Sci Monit 2007; 13: RA214-221.
14. Sridhar CR, Lakshmi PV, Rao AA. Phylogenetic tree 

construction of butyrylcholinesterase sequences in life 
forms. J Assoc Physicians India 2006; 54: 122-123.

15. Diamant S, Podoly E, Friedler A, Ligumsky H, Livnah O, 
Soreq H. Butyrylcholinesterase attenuates amyloid fibril
formation in vitro. Proc Natl Acad Sci USA  2006; 103: 
8628-8633.

16. Ghebremedhin E, Thal DR, Schultz C, Braak H. Age-
dependent association between butyrylcholinesterase 
K-variant and Alzheimer disease-related neuropathology 
in human brains. Neurosci Lett 2002; 320: 25-28.

17. Ghebremedhin E, Thal DR, Schultz C, Braak H, Deller T. 
Homozygosity for the K variant of BCHE gene increases 
the risk for development of neurofibrillary pathology but
not amyloid deposits at young ages. Acta Neuropathol 
2007; 114: 359-363.

18. Greig NH, Utsuki T, Ingram DK, Wang Y, Pepeu G, Scali 
C, et al. Selective butyrylcholinesterase inhibition elevates 
brain acetylcholine, augments learning and lowers Alzhe-
imer beta-amyloid peptide in rodent. Proc Natl Acad Sci 
USA  2005; 102: 17213-17218.

19. Kamal MA, Klein P, Yu QS, Tweedie D, Li Y, Holloway 
HW, et al. Kinetics of human serum butyrylcholinesterase 
inhibition by a novel experimental Alzheimer therapeutic, 
dihydrobenzodioxepine cymserine. Neurochem Res 2006 
Nov 6: In press.

20. Darvesh S, McDonald RS, Darvesh KV, Mataija D, Con-
rad S, Gomez G, Walsh R, Martin E. Selective reversible 
inhibition of human butyrylcholinesterase by aryl amide 
derivatives of phenothiazine. Bioorg Med Chem 2007; 15: 
6367-6378.

21. Cerbai F, Giovannini MG, Melani C, Enz A, Pepeu G. 
N1phenethyl-norcymserine, a selective butyrylcho-
linesterase inhibitor, increases acetylcholine release in 
rat cerebral cortex: a comparison with donepezil and 
rivastigmine. Eur J Pharmacol 2007; 572: 142-150.

22. Hashim Y, Shepherd D, Wiltshire S, Holman RR, Levy JC, 
Clark A, et al. Butyrylcholinesterase K variant on chro-
mosome 3 q is associated with Type II diabetes in white 
Caucasian subjects. Diabetologia 2001; 44: 2227-2230.

23. Johansen A, Nielsen EM, Andersen G, Hamid YH, Jensen 
DP, Glümer C, et al. Large-scale studies of the functional 
K variant of the butyrylcholinesterase gene in relation to 
Type 2 diabetes and insulin secretion. Diabetologia 2004; 
47: 1437-1441.

24. Nelson T J, Alkon DL. Insulin and cholesterol pathways 

in neuronal function, memory and neurodegeneration. 
Biochem Soc Transact 2005; 33: 1033-1036.

25. Huuter-Paier B, Huttunen HJ, Puglielli L, Eckman CB, 
Kim DY, Hofmeister A, et al.. The ACAT inhibitor CP-
113,818 markedly reduces amyloid pathology in a mouse 
model of Alzheimer’s disease. Neuron 2004; 44: 227-
238.

26. Mori T, Paris D, Town T, Rojiani AM, Sparks DL, Delle-
donne A, et al. Cholesterol accumulates in senile plaques 
of Alzheimer disease patients and in transgenic APP(SW) 
mice. J Neuropathol  Exp Neurol  2001; 60: 778-785

27. Yao ZX, Papadopoulos V. Function of beta-amyloid in 
cholesterol transport: a lead to neurotoxicity. FASEB J 
2002; 16: 1677-1679.

28. Nelson TJ, Alkon DL. Oxidation of cholesterol by amyloid 
precursor protein and beta-amyloid peptide. J Biol Chem 
2005; 280: 7377-7387.

29. Shobab LA, Hsiung GY, Fledman, HH. Cholesterol in 
Alzheimer’s disease. Lancet Neurol 2005; 4: 841-852.

30. Whitefield JF. Can statins put the brakes on Alzheimer’s
disease? Expert Opin Investig Drugs 2006; 15: 1479-
1485.

31. Reid PC, Uramo Y, Kodama T, Hamakubo T. Alzheimer’s 
disease: cholesterol, membrane rafts, isoprenoids and 
statins. J Cell Mol Med 2007; 11: 383-392. 

32. Perry TA, Greig NH. A new Alzheimer’s disease inter-
ventive strategy: GLP-1. Curr Drug Targets 2004; 5: 
565-571.

 33. Li L. Is glucagons-like peptide-1 an agent treating diabe-
tes, a new hope for Alzheimer’s disease? Neurosci Bull 
2007; 23: 58-65.

34. Lester-Coll N, Rivera EJ, Soscia SJ, Doiron K, Wands JR, 
de la Monte SM. Intracerebral streptozotocin model of 
type 3 diabetes: relevance to sporatic Alzheimer’s disease. 
J Alzheimers Dis 2006; 9: 13-33.

35. Takeuchi M, Sato T, Takino J, Kobayashi Y, Furuno S, 
Kikuchi S, et al. Diagnostic utility of serum or cerebros-
pinal fluid levels of toxic advanced glycation end-product
(TAGE) in early detection of Alzheimer’s disease. Med 
Hypotheses 2007; 69: 1358-1366.

36. Li ZG, Zhang W, Sima AA. Alzheimer-like changes in 
rat model of spontaneous diabetes. Diabetes 2007; 56: 
1817-1824. 

37.  Landreth G. Therapeutic use of agonist of the nuclear 
receptor PPARgamma in Alzheimer’s disease. Curr 
Alzheimer Res 2007; 4: 159-164.



64

Biomed Rev 18, 2007

Manning

38. Luchsinger JA, Mayeux R. Adiposity and Alzheimer’s 
disease. Curr Alzheimer Res 2007; 4: 127-134.

39. Whitmer RA. The epidemiology of adiposity and demen-
tia. Curr Alzheimer Res 2007; 4: 117-122.

40. Wang J, Ho L, Qin W, Rocher AB, Seror I, Humala N, et 
al. Caloric restriction attenuates beta-amyloid neuropa-
thology in mouse model of Alzheimer’s disease. FASEB 
J 2005; 19: 659-661. 

41. Krabbe KS, Nielsen AR, Krogh-Madsen R, Plomgaard 
P, Rasmussen P, Erikstrup C, et al. Brain-derived neuro-
trophic factor (BDNF) and type 2 diabetes. Diabetologia 
2007; 50: 431-438. Ibid 2007; 50: 2027-2030. 

42. Chaldakov GN, Fiore M, Tonchev Ab, Aloe L. Adi-
popharmacology, a novel drug discovery approach: A 
metabotrophic perspective. Lett Drug Des Discov 2006; 
3: 503-505. 

43. Kim MJ, Lee EY, Lee MY, Chung CH. Adipobiology of 
diabetes mellitus. Immunol Endocr Metab Agents Med 
Chem 2007; 7: 123-127.

44. Chaldakov GN, Fiore M, Stankulov IS, Manni L, Hristova 
MG, Antonelli A, et al. Neurotrophin presence in human 
coronary atherosclerosis and metabolic syndrome: a role 
for NGF and BDNF in cardiovascular disease? Prog Brain 
Res 2004; 146: 279-289.  


