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The number of people affected by dementia is becoming a public 
and socioeconomic concern in many countries all over the world, 
independently from the economic condition of the society in question. 
The growing of the elderly population is a common phenomenon 
in both developed and developing countries, bringing about future 
challenges in terms of health policy and disability rates. In the U.S.A., 
death rates for the leading causes of death are heart disease (200.2 x 
100,000), cancer (180.7 x 100,000), and stroke (43.6 x 100,000), with 
Alzheimer’s disease (AD), as the fifth leading cause of death in people 
older than 65 years of age, representing 71,600 deaths/year. Disability 
caused by senility and dementia affects 9.2 x 1,000 in the population 
aged 65-74 years, 33.5 x 1,000 in those within the 75-84 range, and 83.4 
x 1,000 in the population over 85 years of age [1]. 

From a medical point of view, the 3 major problems related to 
dementia are (i) the poor understanding of pathogenic mechanisms 
leading to premature neuronal death; (ii) the lack of specific biomarkers 
for an early diagnosis; and (iii) the absence of a curative treatment, the 
scarcity of therapeutic options, and the doubtful cost-effectiveness of 
drugs for the treatment of dementia. 

Over the past 50 years, different etiological proposals have been 
posed to explain AD pathogenesis. At present, the two prevalent 
theories (amyloidopathy, tauopathy) do not explain in full the 
mechanisms by which neurons prematurely die in AD patients, leading 
to the phenotypic expression of the disease (e.g. memory deficit, 
behavioral changes, functional decline). With the incorporation of 
genomic studies to scrutinize the genetic background of AD, during 
the past two decades over 1,000 different genes have been screened 
in the human genome as potential candidates for AD susceptibility, 
but less than 100 genes have survived replication studies in different 
cohorts [2]. Likewise, both APP (<1%) and presenilin-1 (PSEN1) 
and 2 (PSEN2) mutations (<5%) account for a minimum number of 
declared AD cases. The most significant susceptibility gene for AD is 
the apolipoprotein-E (APOE) gene. Individuals harboring the APOE-
4 allele are more susceptible to neurodegeneration, cerebrovascular 
disorders, and atherosclerosis than APOE-3 carriers, and a very few 
cases with an APOE-2 allele might be protected against dementia; 
however, the number of APOE-4 carriers represents less than 20-30% 
of the cases; and other susceptibility genes may show SNPs of risk in 
less than 10% of the cases [2-5]. Consequently, the genomics of AD 
and dementia-related neurodegeneration still needs further elucidation 
[6], as well as the cerebrovascular component of AD [7], the impact of 
exogenous factors and the influence of epigenetic phenomena in AD 
pathogenesis [2,4,8]. 

A quite different issue -to move forward in the appropriate 
management of dementia- is pharmacogenomics. In recent 
times, significant advances have propelled the introduction of 
pharmacogenomic approaches in drug development and also in 
clinical practice to optimize therapeutics [4,8,9-11]. The vast majority 
of CNS drugs are metabolized via enzymes of the cytochrome P450 
family (CYPs). The genes encoding CYP2D6, CYP2C19, CYP2C9, 
and CYP3A4/5 isoenzymes are highly polymorphic, with great allelic 
variation in different ethnic groups. In the Western population, only 

25% of its members are extensive metabolizers (EM) for the trigenic 
cluster integrated by CYPs 2D6+2C19+2C9, the most relevant genes 
(and enzyme products) involved in drug metabolism, together with 
CYP3A4/5, which participates in the metabolism of over 80% of 
common drugs. The other 75% of the population is potentially at risk 
for developing adverse drug events (ADRs) due to defective variants 
encoding deficient enzymes which give rise to intermediate (IM), poor 
(PM) or ultra-rapid metabolizers (UM). This population cluster of 
defective metabolizers requires dose-adjustment to avoid side-effects [8].  
However, not only CYPs are important in terms of drug efficacy 
and safety. In fact, 5 categories of genes are mainly involved in 
pharmacogenomics: (i) genes associated with disease pathogenesis (e.g. 
APP, PSEN1, PSEN2, MAPT, APOE)[2,4,6,8,9], (ii) genes associated 
with the mechanism of action of a particular drug (e.g. receptor 
genes)[12,13], (iii) genes associated with phase I (CYPs) and phase II 
reactions (UGTs, SULTs, NATs) [6,14-18], (iv) genes associated with 
transporters (ABCs, OATs)[19-23], and (v) pleiotropic genes and/or 
genes associated with concomitant pathologies [24]. 

AD and other forms of dementia are typical paradigms of 
polypharmacy administration. AD patients receive 6-10 different 
drugs per day, including anti-dementia drugs (donepezil, rivastigmine, 
galantamine, memantine), psychotropics (antidepressants, 
neuroleptics, anxiolytics), antiparkinsonians, anticonvulsants, and 
many other pharmacological categories of drugs currently used in 
elderly patients (e.g. anti-hypertensive drugs, diuretics, cardiotonics, 
statins, anti-histaminics, NSAIDs, etc). According to the U.S. 
Department of Health and Human Services, adults of 65 years of age 
and over reporting prescription drug use in the past month were 1.9% 
in the period 1988-1994 and over 35% in 2003-2006 [1]. Despite the 
reliability of these epidemiological data, the overuse of pharmaceuticals 
in the elderly population seems to be a harsh reality. Antidepressant 
prescribing significantly increased from 21.9% in 1996 to 47.5% in 
12,556 US nursing home residents [25]. The use of psychotropic drugs 
in institutionalized patients ranges from 60-80% in different countries 
[26]. There is no major clinical benefit when a cholinesterase inhibitor 
is associated with an antidepressant in either cognitive improvement or 
emotional stability [27]; and the administration of neuroleptics to treat 
behavioral disturbances in patients with dementia is an issue fraught 
with safety concerns [28]. In ambulatory settings in the UK, people with 
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dementia are currently prescribed an antipsychotic drug (17.7%), an 
antidepressant (28.7%) and a hypnotic/anxiolytic (16.7%). Compared 
to the general elderly population, antipsychotic prescribing is 17.4, 
antidepressant prescribing 2.7 and hypnotic/anxiolytic prescribing 2.2 
times more likely in people with dementia [29]. 

Assuming that genetic factors (pharmacogenomics) account for 
60-90% variability in the pharmacokinetics and pharmacodynamics 
of current drugs, it is likely that in more than half of our patients –
treated by trial-and-error, without any pharmacogenetic prediction– 
we can cause more harm than benefit. Therefore, top priorities in AD 
research and clinical management should emphasize the following 
items: (i) the convenience of promoting large-scale genome-wide 
studies for a better understanding of the genetic component of AD; (ii) 
the need to differentiate endogenous factors from exogenous factors 
in the pathogenesis of AD; (iii) the evidence that –even in a precarious 
condition regarding the present knowledge on AD genomics– the 
therapeutic response to conventional drugs in patients with dementia 
is genotype-specific, with APOE-4 carriers behaving as poor responders 
[4,6,8,9]; (iv) the evidence that polymorphic variants in CYP genes 
influence the efficacy and safety of cholinesterase inhibitors (this is 
particularly important in CYP2D6 PMs and UMs, who exhibit a poorer 
response to donepezil as compared to EMs and IMs) [30,31]; (v) the 
utility of pharmacogenetics to prevent ADRs [32]; (vi) the suggestion 
that the use of pharmacogenomic approaches to AD treatment may 
become a cost-effective strategy to optimize our limited therapeutic 
resources [33]; and (vii) the recommendation to educate physicians 
and health professionals in the appropriate use of pharmacogenomic 
procedures [34]. To this end, the World Guide for Drug Use and 
Pharmacogenomics, and the EuroPharmaGenics (EPG) Database, have 
been created with over 1,200 drugs, about 500 prevalent genes involved 
in drug efficacy and safety issues, and more than 20,000 references, 
to help physicians in their effort to personalize pharmacological 
treatments in the clinical setting [35].

References

1. National Center for Health Statistics (2010) Health, United States, 2009: With 
Special Feature on Medical Technology. Hyattsville, MD.

2. Cacabelos R, Fernández-Novoa L,Lombardi V, Kubota Y,Takeda M (2005) 
Molecular genetics of Alzheimer’s disease and aging. Method Find Exp Clin 
Pharmacol 27: 1-573.

3. Cacabelos R (2005) Pharmacogenomics and therapeutic prospects in 
Alzheimer’s disease. Expert Opin Pharmacother 6: 1967-1987.

4. Cacabelos R (2008) Pharmacogenomics in Alzheimer’s disease.Meth Mol Biol 
48: 213-357.

5. Cacabelos R (2004) Genomic characterization of Alzheimer’s disease and 
genotype-related phenotypic analysis of biological markers in dementia. 
Pharmacogenomics 5: 1049-1105.

6. Cacabelos R, Martínez-Bouza R (2010) Genomics and Pharmacogenomics of 
Dementia. CNS Neurosci Ther doi: 10.1111/j.1755-5949.2010.00189.x.

7. Cacabelos R, Fernández-Novoa L, Corzo L, Amado L, Pichel V, et al. (2004) 
Phenotypic profiles and functional genomics in Alzheimer’s disease and in 
dementia with a vascular component. Neurol Res 26: 459-480.

8. Cacabelos R (2009) Pharmacogenomics and therapeutic strategies for 
dementia. Expert Rev Mol Diag 9: 567-611.

9. Cacabelos R (2007) Molecular pathology and pharmacogenomics in 
Alzheimer’s disease: Polygenic-related effects of multifactorial treatments on 
cognition, anxiety, and depression. Meth Find Exper Clin Pharmacol 29: 1-91. 

10. Cacabelos R, Llovo R, Fraile C, Fernández-Novoa L, (2007) Pharmacogenetic 
aspects of therapy with cholinesterase inhibitors: The role of CYP2D6 in 
Alzheimer’s disease pharmacogenetics. Cur Alzheimer Res 4: 479-500.

11. Sim SC, Ingelman-Sundberg M (2011) Pharmacogenomic biomarkers: new 
tools in current and future drug therapy. Trends Pharmacol Sci 32: 72-81.

12. Hwang R, Souza RP, Tiwari AK, Zai CC, Müller DJ, SG,  et al. (2011) Gene-
gene interaction analyses between NMDA receptor subunit and dopamine 
receptor gene variants and clozapine response. Pharmacogenomics 12: 277-
291.

13. Ji Y, Biernacka J, Snyder K, Drews M, Pelleymounter LL, Colby C (2010) 
Catechol O-methyltransferase pharmacogenomics and selective serotonin 
reuptake inhibitor response. Pharmacogenomics J Epub ahead of print.

14. De Gregori M, Allegri M, De Gregori S, Garbin G, Tinelli C, et al. (2010) How 
and why to screen for CYP2D6 interindividual variability in patients under 
pharmacological treatments. Curr Drug Metab 11: 276-282.

15. Zhang JP, Malhotra AK (2011) Pharmacogenetics and antipsychotics: 
therapeutic efficacy and side effects prediction.  Expert Opin Drug Metab 
Toxicol 7: 9-37.

16. Johansson I, Ingelman-Sundberg M (2011) Genetic polymorphism and 
toxicology--with emphasis on cytochrome p450. Toxicol Sci 120: 1-13.

17. Pratt VM, Zehnbauer B, Wilson JA, Baak R, BabicN, et al. (2010) Characterization 
of 107 genomic DNA reference materials for CYP2D6, CYP2C19, CYP2C9, 
VKORC1, and UGT1A1: a GeT-RM and Association for Molecular Pathology 
collaborative project. J Mol Diagn 12: 835-846.

18. Seripa D, Pilotto A, Panza F, Matera MG, Pilotto A (2010) Pharmacogenetics of 
cytochrome P450 (CYP) in the elderly.  Ageing Res Rev 9: 457-474. 

19. Aw W, Ota I, Toyoda Y, Lezhava A, Sakai Y, et al. (2011) Pharmacogenomics 
of Human ABC Transporters: Detection of Clinically Important SNPs by 
SmartAmp2 Method. Curr Pharm Biotechnol 12: 693-704.

20. Burckhardt G, Burckhardt BC (2011) In vitro and in vivo evidence of the 
importance of organic anion transporters (OATs) in drug therapy. Handb Exp 
Pharmacol 201: 29-104.

21. König J (2011) Uptake transporters of the human OATP family: molecular 
characteristics, substrates, their role in drug-drug interactions, and functional 
consequences of polymorphisms. Handb Exp Pharmacol 201: 1-28.

22. Haufroid V (2011) Genetic Polymorphisms of ATP-Binding Cassette 
Transporters ABCB1 and ABCC2 and their Impact on Drug Disposition. Curr 
Drug Targets 12: 631-646.

23. Xu M, Xing Q, Li S, Zheng Y, Wu S, et al. (2010) Pharmacogenetic effects 
of dopamine transporter gene polymorphisms on response to chlorpromazine 
and clozapine and on extrapyramidal syndrome in schizophrenia.  Prog 
Neuropsychopharmacol Biol Psychiatry 34: 1026-1032.

24. Keers R, Aitchison KJ (2011) Pharmacogenetics of antidepressant response. 
Expert Rev Neurother 11: 101-125.

25. Hanlon JT, HandlerSM, Castle NG (2010) Antidepressant prescribing in US 
nursing homes between 1996 and 2006 and its relationship to staffing patterns 
and use of other psychotropic medications. J Am Med Dir Assoc 11: 320-324.

26. Gobert M, D’Hoore W (2005) Prevalence of psychotropic drug use in nursing 
homes for the aged in Quebec and in the French-speaking area of Switzerland. 
Int J Geriatr Psychiatry 20: 712-721. 

27. Reynolds CF 3rd, Butters MA, Lopez O, Pollock BG, Dew MA, et al. (2011) 
Maintenance treatment of depression in old age: a randomized, double-blind, 
placebo-controlled evaluation of the efficacy and safety of donepezil combined 
with antidepressant pharmacotherapy. Arch Gen Psychiatry 68: 51-60.

28. Gentile S (2010) Second-generation antipsychotics in dementia: beyond 
safety concerns. A clinical, systematic review of efficacy data from randomised 
controlled trials. Psychopharmacology (Berl) 212: 119-129.

29. Guthrie B, Clark SA, McCowan C (2010) The burden of psychotropic drug 
prescribing in people with dementia: a population database study.  Age Ageing  
39: 637-642.

30. Cacabelos R (2007) Donepezil in Alzheimer’s disease: From conventional trials 
to pharmacogenetics. Neuropsychiat Dis Treat 3: 303-333.

31. Cacabelos R (2007) Pharmacogenetic basis for therapeutic optimization in 
Alzheimer’s disease. Mol Diag Ther 11: 385-405.

32. Aberg K, Adkins DE, Liu Y, McClay JL, Bukszár J, et al. (2010) Genome-
wide association study of antipsychotic-induced QTc interval prolongation.  
Pharmacogenomics Epub ahead of print.

http://www.ncbi.nlm.nih.gov/pubmed/20698070
http://www.ncbi.nlm.nih.gov/pubmed/20698070
http://www.ncbi.nlm.nih.gov/pubmed/21516511
http://www.ncbi.nlm.nih.gov/pubmed/21516511
http://www.ncbi.nlm.nih.gov/pubmed/21516511
http://www.ncbi.nlm.nih.gov/pubmed/16197352
http://www.ncbi.nlm.nih.gov/pubmed/16197352
http://www.ncbi.nlm.nih.gov/pubmed/18370236
http://www.ncbi.nlm.nih.gov/pubmed/18370236
http://www.ncbi.nlm.nih.gov/pubmed/15584876
http://www.ncbi.nlm.nih.gov/pubmed/15584876
http://www.ncbi.nlm.nih.gov/pubmed/15584876
http://www.ncbi.nlm.nih.gov/pubmed/20718828
http://www.ncbi.nlm.nih.gov/pubmed/20718828
http://www.ncbi.nlm.nih.gov/pubmed/15265264
http://www.ncbi.nlm.nih.gov/pubmed/15265264
http://www.ncbi.nlm.nih.gov/pubmed/15265264
http://www.ncbi.nlm.nih.gov/pubmed/19732004
http://www.ncbi.nlm.nih.gov/pubmed/19732004
http://www.ncbi.nlm.nih.gov/pubmed/17957277
http://www.ncbi.nlm.nih.gov/pubmed/17957277
http://www.ncbi.nlm.nih.gov/pubmed/17957277
http://www.ncbi.nlm.nih.gov/pubmed/17908053
http://www.ncbi.nlm.nih.gov/pubmed/17908053
http://www.ncbi.nlm.nih.gov/pubmed/17908053
http://www.ncbi.nlm.nih.gov/pubmed/21185092
http://www.ncbi.nlm.nih.gov/pubmed/21185092
http://www.ncbi.nlm.nih.gov/pubmed/21332319
http://www.ncbi.nlm.nih.gov/pubmed/21332319
http://www.ncbi.nlm.nih.gov/pubmed/21332319
http://www.ncbi.nlm.nih.gov/pubmed/21332319
http://www.ncbi.nlm.nih.gov/pubmed/20877297
http://www.ncbi.nlm.nih.gov/pubmed/20877297
http://www.ncbi.nlm.nih.gov/pubmed/20877297
http://www.ncbi.nlm.nih.gov/pubmed/21171195
http://www.ncbi.nlm.nih.gov/pubmed/21171195
http://www.ncbi.nlm.nih.gov/pubmed/21171195
http://www.ncbi.nlm.nih.gov/pubmed/21162693
http://www.ncbi.nlm.nih.gov/pubmed/21162693
http://www.ncbi.nlm.nih.gov/pubmed/21162693
http://www.ncbi.nlm.nih.gov/pubmed/21149643
http://www.ncbi.nlm.nih.gov/pubmed/21149643
http://www.ncbi.nlm.nih.gov/pubmed/20889555
http://www.ncbi.nlm.nih.gov/pubmed/20889555
http://www.ncbi.nlm.nih.gov/pubmed/20889555
http://www.ncbi.nlm.nih.gov/pubmed/20889555
http://www.ncbi.nlm.nih.gov/pubmed/20601196
http://www.ncbi.nlm.nih.gov/pubmed/20601196
http://www.ncbi.nlm.nih.gov/pubmed/21118085
http://www.ncbi.nlm.nih.gov/pubmed/21118085
http://www.ncbi.nlm.nih.gov/pubmed/21118085
http://www.ncbi.nlm.nih.gov/pubmed/21103968
http://www.ncbi.nlm.nih.gov/pubmed/21103968
http://www.ncbi.nlm.nih.gov/pubmed/21103968
http://www.ncbi.nlm.nih.gov/pubmed/21103967
http://www.ncbi.nlm.nih.gov/pubmed/21103967
http://www.ncbi.nlm.nih.gov/pubmed/21103967
http://www.ncbi.nlm.nih.gov/pubmed/21039333
http://www.ncbi.nlm.nih.gov/pubmed/21039333
http://www.ncbi.nlm.nih.gov/pubmed/21039333
http://www.ncbi.nlm.nih.gov/pubmed/20580759
http://www.ncbi.nlm.nih.gov/pubmed/20580759
http://www.ncbi.nlm.nih.gov/pubmed/20580759
http://www.ncbi.nlm.nih.gov/pubmed/20580759
http://www.ncbi.nlm.nih.gov/pubmed/21158559
http://www.ncbi.nlm.nih.gov/pubmed/21158559
http://www.ncbi.nlm.nih.gov/pubmed/20511098
http://www.ncbi.nlm.nih.gov/pubmed/20511098
http://www.ncbi.nlm.nih.gov/pubmed/20511098
http://www.ncbi.nlm.nih.gov/pubmed/16035123%5d
http://www.ncbi.nlm.nih.gov/pubmed/16035123%5d
http://www.ncbi.nlm.nih.gov/pubmed/16035123%5d
http://www.ncbi.nlm.nih.gov/pubmed/21199965
http://www.ncbi.nlm.nih.gov/pubmed/21199965
http://www.ncbi.nlm.nih.gov/pubmed/21199965
http://www.ncbi.nlm.nih.gov/pubmed/21199965
http://www.ncbi.nlm.nih.gov/pubmed/20661553
http://www.ncbi.nlm.nih.gov/pubmed/20661553
http://www.ncbi.nlm.nih.gov/pubmed/20661553
http://www.ncbi.nlm.nih.gov/pubmed/20625185
http://www.ncbi.nlm.nih.gov/pubmed/20625185
http://www.ncbi.nlm.nih.gov/pubmed/20625185
http://www.ncbi.nlm.nih.gov/pubmed/19300564
http://www.ncbi.nlm.nih.gov/pubmed/19300564
http://www.ncbi.nlm.nih.gov/pubmed/18078356
http://www.ncbi.nlm.nih.gov/pubmed/18078356
http://www.ncbi.nlm.nih.gov/pubmed/20921969
http://www.ncbi.nlm.nih.gov/pubmed/20921969
http://www.ncbi.nlm.nih.gov/pubmed/20921969


Citation: Cacabelos R (2011) Pharmacogenomics of Alzheimer’s Disease. Metabolomics 1:106e. doi:10.4172/2153-0769.1000106e

Page 3 of 3

Volume 1 • Issue 3 • 1000106e
Metabolomics
ISSN:2153-0769 JOM an open access journal 

33. Wong WB, CarlsonJJ, TharianiR, Veenstra DL (2010) Cost effectiveness of 
pharmacogenomics: a critical and systematic review. Pharmacoeconomics 28: 
1001-1013.

34. Green JS, O’Brien TJ, Chiappinelli VA, Harralson AF (2010) Pharmacogenomics 

instruction in US and Canadian medical schools: implications for personalized 
medicine. Pharmacogenomics 11: 1331-1340.

35. Cacabelos R (Ed) (2011) World Guide for Drug Use and Pharmacogenomics. 
Euro Espes Publishing, Corunna, Spain (In Press).

http://www.ncbi.nlm.nih.gov/pubmed/20936884
http://www.ncbi.nlm.nih.gov/pubmed/20936884
http://www.ncbi.nlm.nih.gov/pubmed/20936884
http://www.ncbi.nlm.nih.gov/pubmed/20860470
http://www.ncbi.nlm.nih.gov/pubmed/20860470
http://www.ncbi.nlm.nih.gov/pubmed/20860470

	Title
	Corresponding author
	References



