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Medications and Diet Protective Factors for AD?

Claudia H. Kawas, MD*,†,‡

*Department of Neurology; University of California, Irvine
†Department of Neurobiology and Behavior;, University of California, Irvine
‡Department of Institute for Brain Aging and Dementia, University of California, Irvine

Abstract
In the past decade, studies of Alzheimer disease risk and medication exposures, supplement
intake, and dietary factors have grown in number. Typically identified in case-control and cross-
sectional studies, many of these exposures have also been replicated in prospective studies. These
observational studies have provided the foundation for the development of several prevention
trials. This brief review focuses on exposures that have been identified in multiple studies.
Observational studies of medications suggesting protection for Alzheimer disease include estrogen
hormonal therapy, nonsteroidal anti-inflammatory drugs, and cholesterol-lowering statins.
Evidence regarding dietary and supplemental intake of vitamins E, C, and folate, and studies of
alcohol and wine intake are also reviewed. At present, there is insufficient evidence to make
public health recommendations, but these studies can provide potentially important clues and new
avenues for clinical and laboratory research.
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Twenty years ago, the list of potential protective factors for Alzheimer disease (AD) was
modest and included neither medications nor dietary factors.1 In 2006, however,
investigations of dietary factors and medications comprise the majority of the published
analytical investigations of AD risk. In large measure, dietary intake, nutritional
supplements, and medications have received considerable attention because these exposures
are potentially modifiable factors, unlike age, family history, and ApoE genotype.

Foods purported to be protective for AD in epidemiologic investigations include vegetables,
fish, olive oils, fruits, a low-fat diet, and the composite Mediterranean dietary pattern. In
addition, studies have extended beyond food groups to specific foods, such as blueberries,
pomegranates, spinach, salmon, mackerel, or to individual vitamins, supplements and other
micronutrients, including vitamins E, C, and B, flavonoids, omega 3-fatty acids, ginkgo
biloba, and reservatrol. The medication list is equally long with various types of estrogens,
steroidal and nonsteroidal anti-inflammatory drugs (NSAIDS), statins, calcium channel
blockers, potassium-sparing diuretics, and others.

This review focuses on agents with evidence from multiple studies, especially prospective
investigations. In some cases, evidence from these studies has been used to develop
experimental randomized trials for the prevention of AD (described in this issue by Thal).
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Medications and Risk of AD
Hormonal Therapy

Biologic Plausibility—Estrogens have many effects that could be relevant in the
development of AD. Potential mechanisms include effects on vasculature, the cholinergic
system, and ApoE levels as well as trophic and antioxidant properties. In the past, the most
commonly prescribed form of estrogen replacement therapy consisted of conjugated equine
estrogens without progestin. More recently, women without hysterectomy have been
prescribed estrogens with progestin.

The Epidemiologic Evidence—Probably more than any other medication, supplement,
or dietary factor, estrogen therapy has been associated with a lower risk of AD in numerous
observational studies.28 Figure 1 summarizes observational studies of estrogen and risk of
AD. Initial case-control investigations were followed by numerous prospective cohort
studies, and several studies reported a dose-response relationship with greater protection for
longer durations of exposure,4,5,7,8 as shown in Figure 2.

With considerable evidence lending support, clinical trials of estrogen were the first
prevention studies developed for AD. Unfortunately, these studies (described in this issue by
Thal) have not confirmed protective effects for AD. Exposure to conjugated equine
estrogens (with or without progestin) in the Women's Health Initiative Memory Study was
associated with approximately double the risk of developing AD,9,10 and halted several
human investigations involving estrogen. However, many questions about hormonal therapy
and AD risk remain. In particular, we still do not know if perimenopausal initiation of
therapy, more consistent with observational studies, would have the same effects. We also
do not know if other dosages or different forms of estrogen, such as estradiol, would have
the same effects. And, we are unlikely to attempt replication any time soon.

Anti-inflammatory Drugs
Biologic Plausibility—Neuritic plaques, a hallmark of AD pathology, have been
associated with inflammatory proteins, acute-phase reactants, activated microglia, and
complement activation. NSAIDS inhibit cyclooxygenase (COX) enzymes, and could
potentially be beneficial by suppressing the inflammatory processes associated with AD.
Older NSAIDS inhibit both isoforms of the enzyme: COX 1 and COX 2. Newer drugs
primarily inhibit COX 2. It is not clear which isoform (if either) is the proper target in AD.
In vitro studies have suggested that a subset of these drugs (ibuprofen, sulindac, and
indomethacin) can decrease Aβ 42 levels in cultured cells and the effect is not mediated by
COX inhibition.11

The Epidemiologic Evidence—Steroidal and NSAIDS have been associated with lower
AD risk in a variety of study designs, including several prospective investigations.
Moreover, data seems to suggest a dose-response relationship for duration with protection
after 2 or more years of exposure. Figures 3, 4 summarize observational studies of NSAIDS
and AD, and observed effects of duration.

Related to drug availability over time, there are more observational studies, and hence more
evidence, for the older nonsteroidal drugs such as ibuprofen and naproxen. In the Rotterdam
study, reduction in AD risk among NSAID users was restricted to those who took the subset
of NSAIDS that decreased levels of Aβ42 peptide in cultured cells as described above.12

Clinical trials have been initiated with both types of NSAIDS, but the results to date have
been disappointing in both prevention and treatment trials.
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Statins
Biologic Plausibility—Statins are cholesterol-lowering agents that work by inhibiting 3-
hydroxy-3methyl-glutaryl coenzyme A (HMG-CoA) reductase. These compounds could
work by lowering cholesterol or by other mechanisms. In animal models, high cholesterol
diets increase cerebral amyloid deposition, and elevated cholesterol has been reported to be
a risk factor in AD.

The Epidemiologic Evidence—Some cross-sectional and case-control studies have
reported statin use to be associated with lower prevalence or risk of AD.13-16 Prospective
cohort studies, however, have generally not replicated these findings.17-19 Figure 5
summarizes observational studies of statins and risk of AD.

Dietary Intake, Vitamins, Supplements, and Risk of AD
Investigated frequently, dietary intake and risk of AD has produced an extensive
epidemiologic literature, primarily of observational studies. For a more comprehensive
review, see Luchsinger and Mayeux.20 In addition to specific mechanisms such as
antioxidant effects, and homocysteine-lowering properties, it has been proposed that diet
may influence the success of protective mechanisms in the aging brain.21 Selected dietary
exposures of particular interest are summarized below.

Vitamins E, C, and Other Antioxidants
Biologic Plausibility—Oxidative injury has long been implicated in aging and age-
associated diseases such as AD. Laboratory studies and animal models have demonstrated
that oxidative processes have effects on mechanisms related to AD including Aβ
aggregation, microglial stimulation, and damage to DNA, proteins and lipids. In addition to
vitamins E and C, the list of compounds with antioxidant properties includes β-carotene,
Coenzyme Q, α-lipoic acid, and selenium, among others.

The Epidemiologic Evidence—Despite considerable interest in vitamins E, C, and other
antioxidants, the epidemiologic evidence remains fairly modest for the prevention of AD.
Studies that included vitamin intake from food have been more likely to suggest protection
than studies examining pill supplementation only. Figures 6, 7 summarize studies of AD risk
and vitamins E and C. In the Cache County study,22 use of vitamin E and C supplements in
combination, but not individually, was associated with a lower incidence of AD.
Measurement of these intakes from food is challenging and contributes to the difficulties of
these studies.

Folate
Biologic Plausibility—Intake of folate and other B-vitamins is related to serum
homocysteine level, a risk factor for vascular disease and, perhaps independently, for AD.
Studies in animals have also provided evidence that folic acid deficiency may be related to
amyloid toxicity.23

The Epidemiologic Evidence—Recent observational studies of folate intake and AD are
summarized in Table 1. When dietary intake of vitamins C, E, A, B6, B12, and folate were
simultaneously analyzed in the Baltimore Longitudinal Study of Aging (BLSA), only intake
of folate remained significantly associated with lower risk of AD.24 After a decade of
follow-up, BLSA subjects with a total folate intake (diet plus supplements) above the
recommended dietary allowance of 400μg had a 55% reduction in risk compared with those
below the recommended dietary allowance. Recently, investigators in the Netherlands
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reported less cognitive decline in nondemented subjects randomized to 800μg folate
supplementation in a placebo-controlled randomized clinical trial.25

Wine and Alcohol
Biologic Plausibility—Moderate alcohol intake is associated with cardiovascular benefit,
social engagement, and other factors that could be relevant to AD. Wine drinkers may
benefit from the alcohol content, or from other nutritional factors. Black grape skin is rich in
a variety of nutrients including vitamins E and C, quercetin, and resveratrol, which are all
involved in ameliorating oxidative stress. Resveratrol is a naturally occurring polyphenol
that reduces Aβ levels in cell lines by promoting intracellular degradation of the amyloid
peptide.26,27

The Epidemiologic Evidence—Total alcohol consumption and wine intake has been
associated with a reduced risk of AD. It is not clear if red wine consumption has greater
benefits when compared with white wine, or if wine is more protective than other alcoholic
beverages. Figures 8, 9 summarize observational studies of AD risk and alcohol intake and
AD risk and wine intake. The results are somewhat difficult to interpret because these
studies were done with different outcomes (all-cause dementia, AD); and different
groupings of amounts and types of alcohol.28 For example, the Honolulu Asian Aging Study
found protective effects for the risk of vascular dementia, but not for AD. Studies in
Canada29 and Copenhagen30 reported a significant reduced risk for all-cause dementia. The
Rotterdam Study31 had a similar result for all-cause dementia, but not for AD. Similarly, the
protective amount of alcohol varied from less than 1 drink per week32 to 3 to 4 glasses of
wine per day.33

Gingko Biloba
Biologic Plausibility—Derived from an ancient tree rich in flavonoids, extracts of gingko
biloba are widely used in the United States, Europe, and Asia for indications related to
cognition and memory. In addition to antioxidant and anti-inflammatory properties, gingko
biloba acts as a vasodilator, and has been shown to inhibit amyloid-b aggregation and
caspase-3 activation.

The Epidemiologic Evidence—Published clinical investigations of gingko biloba
primarily consist of treatment trials in AD patients.34-37 A nested case-control study of
women participating in an osteoporosis study in Toulouse, France38 found an inverse
relationship between use of cerebral and peripheral vasotherapeutics (including gingko
biloba) for at least 2 years and the development of AD. (Odds ratio = 0.31, 95% confidence
interval = 0.12-0.82.) In this investigation, half of the women reported having taken a
vasotherapeutic medication, about 1/3 of which was a standardized gingko extract. Odds
ratio for gingko biloba alone was similar but did not reach significance. (OR = 0.38, 95%
confidence interval = 0.08-1.76). Randomized clinical trials of gingko biloba are in progress
and will yield valuable information.

Discussion
Observational studies are one of our most powerful and cost-efficient tools for the
identification of putative risk and protective factors. These studies can investigate a wide
variety of exposures, dosages, and formulations in diverse groups of subjects over longer
periods of time than possible in a randomized trial.39
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Moreover, despite several recent high-profile examples of a randomized trial producing
discordant results from previous observational studies, both types of studies generally
produce results similar in direction and magnitude.40,41

To be considered causal, a risk or protective factor should satisfy criteria including
consistency of findings, specificity of the association, proper temporal relationship, dose-
response relationship, and biologic plausibility.42 Replication of results should ideally be
followed by randomized clinical trials to ensure that observed benefits are not due to
unrecognized confounders. Clinical trials should also be replicated, although this rarely
happens except in novel investigational compounds. Moreover, prevention trials of diet and
other lifestyle changes present particular challenges. Subjects cannot be blinded because the
intervention requires their participation, and dietary adherence is never ideal even in
motivated subjects. Prevention trials require years of participation, and subjects who enroll
and complete these studies are likely to reflect many selection biases. Ultimately, causality
can only be demonstrated by many studies, observational and experimental, in the laboratory
and in living subjects.

At present, evidence for many medications and dietary intakes is intriguing but insufficient
to make clinical recommendations. It seems likely that a diet rich in fruits and vegetables,
unsaturated fats, fish and olive oils, antioxidants, and flavonoids is good for us in general,
but more information is needed before we know how helpful these exposures may be for the
prevention of AD.

Acknowledgments
The author acknowledges Marίa Corrada, Sc.D. for contributing ideas in the manuscript and compilation of the
figures and tables, and Sandy Pittman for help with the manuscript.

Supported by grants from the National Institute on Aging R01 AG-21055 and P50 AG16573 and the Al & Trish
Nichols Chair in Clinical Neuroscience.

References
1. Heyman A, Wilkinson W, Stafford J, et al. Alzheimer's disease: a study of epidemiological aspects.

Ann Neurol. 1984; 15:335–341. [PubMed: 6742780]

2. Henderson VW, Paganini-Hill A, Emanuel CK, et al. Estrogen replacement therapy in older women.
Comparisons between Alzheimer's disease cases and nondemented control subjects. Arch Neurol.
1994; 51:896–900. [PubMed: 8080389]

3. Lerner A, Koss E, Debanne S, et al. Smoking and oestrogen-replacement therapy as protective
factors for Alzheimer's disease. Lancet. 1997; 349:403–404. [PubMed: 9033479]

4. Paganini-Hill A, Henderson VW. Estrogen deficiency and risk of Alzheimer's disease in women.
Am J Epidemiol. 1994; 140:256–261. [PubMed: 8030628]

5. Tang MX, Jacobs D, Stern Y, et al. Effect of oestrogen during menopause on risk and age at onset
of Alzheimer's disease. Lancet. 1996; 348:429–432. [PubMed: 8709781]

6. Kawas C, Resnick S, Morrison A, et al. A prospective study of estrogen replacement therapy and the
risk of developing Alzheimer's disease: the Baltimore Longitudinal Study of Aging. Neurology.
1997; 48:1517–1521. [PubMed: 9191758]

7. Waring SC, Rocca WA, Petersen RC, et al. Postmenopausal estrogen replacement therapy and risk
of AD: a population-based study. Neurology. 1999; 52:965–970. [PubMed: 10102413]

8. Zandi PP, Carlson MC, Plassman BL, et al. Hormone replacement therapy and incidence of
Alzheimer disease in older women: the Cache County Study. JAMA. 2002; 288:2123–2129.
[PubMed: 12413371]

9. Shumaker SA, Legault C, Kuller L, et al. Conjugated equine estrogens and incidence of probable
dementia and mild cognitive impairment in postmenopausal women: Women's Health Initiative
Memory Study. JAMA. 2004; 291:2947–2958. [PubMed: 15213206]

Kawas Page 5

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2012 June 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



10. Shumaker SA, Legault C, Thal L, et al. Estrogen plus progestin and the incidence of dementia and
mild cognitive impairment in postmenopausal women: the Women's Health Initiative Memory
Study: a randomized controlled trial. JAMA. 2003; 289:2651–2662. [PubMed: 12771112]

11. Weggen S, Eriksen JL, Das P, et al. A subset of NSAIDs lower amyloidogenic Abeta42
independently of cyclooxygenase activity. Nature. 2001; 414:212–216. [PubMed: 11700559]

12. Breteler MM, in't Veld BA, Hofman A, et al. A beta-42 peptide lowering NSAIDs and Alzheimer's
disease. Neurobiol Aging. 2002; 23:S286. abstract.

13. Wolozin B, Kellman W, Ruosseau P, et al. Decreased prevalence of Alzheimer disease associated
with 3-hydroxy-3-methyglutaryl coenzyme A reductase inhibitors. Arch Neurol. 2000; 57:1439–
1443. [PubMed: 11030795]

14. Jick H, Zornberg GL, Jick SS, et al. Statins and the risk of dementia. Lancet. 2000; 356:1627–
1631. [PubMed: 11089820]

15. Rockwood K, Kirkland S, Hogan DB, et al. Use of lipid-lowering agents, indication bias, and the
risk of dementia in community-dwelling elderly people. Arch Neurol. 2002; 59:223–227.
[PubMed: 11843693]

16. Zamrini E, McGwin G, Roseman JM. Association between statin use and Alzheimer's disease.
Neuroepidemiology. 2004; 23:94–98. [PubMed: 14739574]

17. Li G, Higdon R, Kukull WA, et al. Statin therapy and risk of dementia in the elderly: a community-
based prospective cohort study. Neurology. 2004; 63:1624–1628. [PubMed: 15534246]

18. Zandi PP, Sparks DL, Khachaturian AS, et al. Do statins reduce risk of incident dementia and
Alzheimer disease? The Cache County Study. Arch Gen Psychiatry. 2005; 62:217–224. [PubMed:
15699299]

19. Rea TD, Breitner JC, Psaty BM, et al. Statin use and the risk of incident dementia: the
Cardiovascular Health Study. Arch Neurol. 2005; 62:1047–1051. [PubMed: 16009757]

20. Luchsinger JA, Mayeux R. Dietary factors and Alzheimer's disease. Lancet Neurol. 2004; 3:579–
587. [PubMed: 15380154]

21. Petot GJ, Friedland RP. Lipids, diet and Alzheimer disease: an extended summary. J Neurol Sci.
2004; 226:31–33. [PubMed: 15537515]

22. Zandi PP, Anthony JC, Khachaturian AS, et al. Reduced risk of Alzheimer disease in users of
antioxidant vitamin supplements: the cache county study. Arch Neurol. 2004; 61:82–88. [PubMed:
14732624]

23. Kruman II, Kumaravel TS, Lohani A, et al. Folic acid deficiency and homocysteine impair DNA
repair in hippocampal neurons and sensitize them to amyloid toxicity in experimental models of
Alzheimer's disease. J Neurosci. 2002; 22:1752–1762. [PubMed: 11880504]

24. Corrada M, Kawas C, Hallfrisch J, et al. Reduced risk of Alzheimer's disease with high folate
intake: the Baltimore Longitudinal Study of Aging. Alzheimer Dementia. 2005; 1:11–18.

25. Durga, J. A Randomized Clinical Trial of Folate in Non-demented Elderly. Presented at the
Alzheimer's Association International Conference on Prevention of Dementia; Washington, DC. p.
2005Abstract

26. Marambaud P, Zhao H, Davies P. Resveratrol promotes clearance of Alzheimer's disease amyloid-
beta peptides. J Biol Chem. 2005; 280:37377–37382. [PubMed: 16162502]

27. Russo A, Palumbo M, Aliano C, et al. Red wine micronutrients as protective agents in Alzheimer-
like induced insult. Life Sci. 2003; 72:2369–2379. [PubMed: 12639702]

28. Huang W, Qiu C, Winblad B, et al. Alcohol consumption and incidence of dementia in a
community sample aged 75 years and older. J Clin Epidemiol. 2002; 55:959–964. [PubMed:
12464371]

29. Lindsay J, Laurin D, Verreault R, et al. Risk factors for Alzheimer's disease: a prospective analysis
from the Canadian Study of Health and Aging. Am J Epidemiol. 2002; 156:445–453. [PubMed:
12196314]

30. Truelsen T, Thudium D, Gronbaek M. Amount and type of alcohol and risk of dementia: the
Copenhagen City Heart Study. Neurology. 2002; 59:1313–1319. [PubMed: 12427876]

31. Ruitenberg A, van Swieten JC, Witteman JC, et al. Alcohol consumption and risk of dementia: the
Rotterdam Study. Lancet. 2002; 359:281–286. [PubMed: 11830193]

Kawas Page 6

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2012 June 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



32. Mukamal KJ, Kuller LH, Fitzpatrick AL, et al. Prospective study of alcohol consumption and risk
of dementia in older adults. JAMA. 2003; 289:1405–1413. [PubMed: 12636463]

33. Orgogozo JM, Dartigues JF, Lafont S, et al. Wine consumption and dementia in the elderly: a
prospective community study in the Bordeaux area. Rev Neurol. 1997; 153:185–192. [PubMed:
9296132]

34. Oken BS, Storzbach DM, Kaye JA. The efficacy of Ginkgo biloba on cognitive function in
Alzheimer disease. Arch Neurol. 1998; 55:1409–1415. [PubMed: 9823823]

35. Le Bars PL, Katz MM, Berman N, et al. A placebo-controlled, double-blind, randomized trial of an
extract of Ginkgo biloba for dementia. JAMA. 1997; 278:1327–1332. [PubMed: 9343463]

36. Le Bars PL, Kieser M, Itil KZ. A 26-week analysis of a double-blind, placebo-controlled trial of
the ginkgo biloba extract EGb 761 in dementia. Dement Geriatr Cogn Disord. 2000; 11:230–237.
[PubMed: 10867450]

37. van Dongen MC, van Rossum E, Kessels AG, et al. The efficacy of ginkgo for elderly people with
dementia and age-associated memory impairment: new results of a randomized clinical trial. Am J
Geriatr Soc. 2000; 48:1183–1194.

38. Andrieu S, Gillette S, Amouyal K, et al. Association of Alzheimer's disease onset with ginkgo
biloba and other symptomatic cognitive treatments in a population of women aged 75 years and
older from the EPIDOS study. J Gerontol. 2003; 58:372–377.

39. Kawas C. Diet and the risk of Alzheimer's disease. Ann Neurol. 2006; 59:877–879. [PubMed:
16718710]

40. Benson K, Hartz AJ. A comparison of observational studies and randomized, controlled trials. N
Engl J Med. 2000; 342:1878–1886. [PubMed: 10861324]

41. Concato J, Shah N, Horwitz RI. Randomized, controlled trials, observational studies, and the
hierarchy of research designs. N Engl J Med. 2000; 342:1887–1892. [PubMed: 10861325]

42. Gordis, L. Epidemiology. 2nd. Philadelphia: WB Saunders Company; 2000.

43. Amaducci L, Fratiglioni L, Rocca WA, et al. Risk factors for clinically diagnosed Alzheimer's
disease: a case-control study of an Italian population. Neurology. 1986; 36:922–931. [PubMed:
3714054]

44. Broe GA, Henderson AS, Creasey H, et al. A case-control study of Alzheimer's disease in
Australia. Neurology. 1990; 40:1698–1707. [PubMed: 2146525]

45. Graves AB, White E, Koepsell TD, et al. A case-control study of Alzheimer's disease. Ann Neurol.
1990; 28:766–774. [PubMed: 2285263]

46. Brenner DE, Kukull WA, Stergachis A, et al. Postmenopausal estrogen replacement therapy and
the risk of Alzheimer's disease: a population-based case-control study. Am J Epidemiol. 1994;
140:262–267. [PubMed: 8030629]

47. Mortel KF, Meyer JS. Lack of postmenopausal estrogen replacement therapy and the risk of
dementia. J Neuropsychiatry Clin Neurosci. 1995; 7:334–337. [PubMed: 7580193]

48. Seshadri S, Zornberg GL, Derby LE, et al. Postmenopausal estrogen replacement therapy and the
risk of Alzheimer disease. Arch Neurol. 2001; 58:435–440. [PubMed: 11255447]

49. Breitner JC, Gau BA, Welsh KA, et al. Inverse association of anti-inflammatory treatments and
Alzheimer's disease: initial results of a co-twin control study. Neurology. 1994; 44:227–232.
[PubMed: 8309563]

50. Beard CM, Waring SC, Obrien PC, et al. Nonsteroidal anti-inflammatory drug use and Alzheimer's
disease: a case-control study in Rochester, Minnesota, 1980 through 1984. Mayo Clin Proc. 1998;
73:951–955. [PubMed: 9787743]

51. Andersen K, Launer LJ, Ott A, et al. Do nonsteroidal anti-inflammatory drugs decrease the risk of
Alzheimer's disease? Neurology. 1995; 45:1441–1445. [PubMed: 7644037]

52. Broe GA, Grayson DA, Creasey HM, et al. Anti-inflammatory drugs protect against Alzheimer
disease at low doses. Arch Neurol. 2000; 57:1586–1591. [PubMed: 11074790]

53. Fourrier A, Letenneur L, Begaud B, et al. Nonsteroidal antiin-flammatory drug use and cognitive
function in the elderly: inconclusive results from a population-based cohort study. J Clin
Epidemiol. 1996; 49:1201. [PubMed: 8827002]

Kawas Page 7

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2012 June 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



54. Stewart WF, Kawas C, Corrada M, et al. Risk of Alzheimer's disease and duration of NSAID use.
Neurology. 1997; 48:626–632. [PubMed: 9065537]

55. in't Veld BA, Ruitenberg A, Hofman A, et al. Nonsteroidal anti-inflammatory drugs and the risk of
Alzheimer's disease. N Engl J Med. 2001; 345:1515–1521. [PubMed: 11794217]

56. Etminan M, Gill S, Samii A. Effect of non-steroidal anti-inflammatory drugs on risk of
Alzheimer's disease: systematic review and meta-analysis of observational studies. BMJ. 2003;
327:128. [PubMed: 12869452]

57. Green R, McNagny S, Jayakumar P, et al. Statin use and the risk of Alzheimer's disease: the
MIRAGE study. Alzheimer Dementia. 2006; 2:96–103.

58. Morris MC, Beckett LA, Scherr PA, et al. Vitamin E and vitamin C supplement use and risk of
incident Alzheimer disease. Alzheimer Dis Assoc Disord. 1998; 12:121–126. [PubMed: 9772012]

59. Masaki KH, Losonczy KG, Izmirlian G, et al. Association of vitamin E and C supplement use with
cognitive function and dementia in elderly men. Neurology. 2000; 54:1265–1272. [PubMed:
10746596]

60. Luchsinger JA, Tang MX, Shea S, et al. Antioxidant vitamin intake and risk of Alzheimer disease.
Arch Neurol. 2003; 60:203–208. [PubMed: 12580704]

61. Morris MC, Evans DA, Bienias JL, et al. Vitamin E and cognitive decline in older persons. Arch
Neurol. 2002; 59:1125–1132. [PubMed: 12117360]

62. Engelhart MJ, Geerlings MI, Ruitenberg A, et al. Dietary intake of antioxidants and risk of
Alzheimer disease. JAMA. 2002; 287:3223–3229. [PubMed: 12076218]

63. Hebert LE, Scherr PA, Beckett LA, et al. Relation of smoking and alcohol consumption to incident
Alzheimer's disease. Am J Epidemiol. 1992; 135:347–355. [PubMed: 1550089]

64. Clarke R, Smith AD, Jobst KA, et al. Folate, vitamin B12, and serum total homocysteine levels in
confirmed Alzheimer disease. Arch Neurol. 1998; 55:1449–1455. [PubMed: 9823829]

65. McCaddon A, Davies G, Hudson P, et al. Total serum homo-cysteine in senile dementia of
Alzheimer type. Int J Geriatr Psychiatry. 1998; 13:235–239. [PubMed: 9646150]

66. Wang HX, Wahlin A, Basun H, et al. Vitamin B(12) and folate in relation to the development of
Alzheimer's disease. Neurology. 2001; 56:1188–1194. [PubMed: 11342684]

67. Mizrahi EH, Jacobsen DW, Debanne SM, et al. Plasma total homocysteine levels, dietary vitamin
B6 and folate intake in AD and healthy aging. J Nutr Health Aging. 2003; 7:160–165. [PubMed:
12766793]

68. Morris MC, Evans DA, Bienias JL, et al. Dietary folate and vitamin B12 intake and cognitive
decline among community-dwelling older persons. Arch Neurol. 2005; 62:641–645. [PubMed:
15824266]

69. Yaffe K, Sawaya G, Lieberburg I, et al. Estrogen therapy in postmenopausal women: effects on
cognitive function and dementia. JAMA. 1998; 279:688–695. [PubMed: 9496988]

70. Breitner JC, Welsh KA, Helms MJ, et al. Delayed onset of Alzheimer's disease with nonsteroidal
anti-inflammatory and histamine H2 blocking drugs. Neurobiol Aging. 1995; 16:523–530.
[PubMed: 8544901]

71. Zandi PP, Anthony JC, Hayden KM, et al. Reduced incidence of AD with NSAID but not H2
receptor antagonists: the Cache County Study. Neurology. 2002; 59:880–886. [PubMed:
12297571]

Kawas Page 8

Alzheimer Dis Assoc Disord. Author manuscript; available in PMC 2012 June 12.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Observational studies of estrogen replacement therapy and AD.
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Figure 2.
Observational studies of ERT and AD—duration and recency of use.
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Figure 3.
Observational studies of NSAIDs and AD.
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Figure 4.
Observational studies of NSAIDs and AD—duration and recency of use.
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Figure 5.
Observational studies of statins and AD.
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Figure 6.
Observational studies of vitamin E and AD.
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Figure 7.
Observational studies of vitamin C and AD.
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Figure 8.
Observational studies of alcohol intake and risk of AD.
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Figure 9.
Observational studies of wine intake and risk of AD.
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Table 1
Studies of Folate and AD Risk or Cognition

Type Study AD/N Result

Folate levels

 CC OPTIMA (Clarke64) 76/164 ↑ levels, ↓ AD risk

 CC N. Wales (McCaddon65) 30/30 NS

 PROSP Kungsholmen (Wang66) 60/370 NS*

Folate intake

 CC Case Western (Mizrahi67) 64/128 ↑ intake, ↓ AD risk

 PROSP BLSA (Corrada24) 57/579 ↑ intake, ↓ AD risk

 PROSP CHAP (Morris68) 3718 ↑ intake, faster cognitive decline

RCT Netherlands (Durga25) 818 ↑ intake, better cognition

*
Normal or high levels of folate and B12, ↓ AD risk.

CC indicates case control; PROSP, prospective; RCT, randomized clinical trial.
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