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bstract Background: The aim of this study was to examine the association between statin use before the
onset of Alzheimer’s disease (AD) symptoms and risk of having AD, and to explore the potential
impact of APOE genotype and race on this association.
Methods: Data were collected through standardized, validated questionnaires from 895 subjects
with probable or definite AD by research criteria, and 1,483 of their nondemented relatives in this
family-based, case-control study of AD patients and their relatives enrolled at 15 research centers
from 1996 through 2002. To minimize temporal and prescription biases, exposure to statin use
within each family was ignored in the one year before the first appearance of AD symptoms in that
family’s affected member. Associations were estimated using generalized estimating equations for
a logistic model, adjusting for age, sex, race, education, history of heart disease, stroke, diabetes,
smoking and APOE genotype.
Results: Statin use was associated with lowered odds of having AD (adjusted odds ratio [OR],
0.61; 95% confidence interval [CI], 0.38 to 0.98). Nonstatin cholesterol-lowering medications were
not associated significantly with lowered odds of having had AD (adjusted OR, 1.7; 95% CI, 0.61
to 5.0).
Conclusions: Statin medications were associated with lowered risk of AD in this population.
Neither African-American race, nor the presence of the APOE �4 allele modified the statin-AD
association.
© 2006 The Alzheimer’s Association. All rights reserved.
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. Introduction

Prominent risk factors for Alzheimer’s disease (AD)
nclude age, family history[1,2], female sex [3], lower ed-
cation [4], depressive symptoms [5], head trauma [6], and
he �4 allele of the gene coding for Apolipoprotein E
ApoE) [7], while potential protective factors may include
itamin E [8], estrogen [9,10], and anti-inflammatory med-

cations [11].

*Corresponding author. Tel.: 617-638-5362; Fax: 617-638-4275.

2E-mail address: rcgreen@bu.edu

552-5260/06/$ – see front matter © 2006 The Alzheimer’s Association. All righ
oi:10.1016/j.jalz.2006.02.003
Statins inhibit 3-hydroxy-3-methyl-glutaryl coenzyme A
HMG-CoA) reductase, the enzyme that catalyzes the rate-
imiting step in cholesterol synthesis, and are highly effec-
ive in lowering plasma concentrations of low-density li-
oprotein (LDL) and total cholesterol. In randomized trials,
tatins lowered the risk of coronary heart disease and stroke
vents [12–15] and are the treatment of choice for most
yperlipidemic patients. Several observational studies [16–
0] have reported an inverse association between statin use
nd the risk of AD or dementia, whereas several studies
sing incidence data have not found this association [21–

3]. In this report, we draw on data obtained in the

ts reserved.
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IRAGE Study (Multi-Institutional Research in Alzheimer’s
enetic Epidemiology) to present a family-based, case-control

tudy of the association between statin use and odds of AD
evelopment that examines statin use before the start of AD
ymptoms. This study includes a sufficient number of subjects
o adjust not only for age, gender, and education, but also for
ace, history of heart disease, and APOE genotype, and to
xamine whether there was effect modification of this associ-
tion by APOE genotype and race.

. Methods

The MIRAGE Study is a National Institutes of Health
NIH)-funded multicenter study of genetic and environmen-
al risk factors for AD that collected information on patients
ith AD and their first-degree relatives between May 1991

nd May 2002 at 15 separate academic research centers. The
etails of MIRAGE Study data collection procedures, pro-
ocols for obtaining family histories, and reports showing
he validity studies of the MIRAGE questionnaires have
een published elsewhere [1,2,24,25].

.1. Subjects and data collection

The starting point for recruitment of MIRAGE Study
amilies is the proband: a living individual with probable
D or a recently deceased individual with definite AD
erified by brain autopsy and specific neuropathologic cri-
eria. The designation of “probable AD” follows NINCDS-
DRDA criteria, requiring progressive decline in memory

nd at least one other specific cognitive function, clinical
xamination, and documentation of mental status testing
ithout systemic or other brain diseases that could account

or the dementia [26]. The family’s best estimate of the date
f the proband’s first AD symptoms was carefully solicited
hrough multiple semistructured questions. Probands were
ecruited at each of the MIRAGE sites through research
egistries and specialized memory clinics. After obtaining
nformed consent from nondemented persons and a combi-
ation of consent or assent, along with informed consent by
roxy on living demented subjects, questions eliciting de-
ographic data and information about presumptive risk

actors for AD were obtained using standardized MIRAGE
uestionnaires. Questions about the use of cholesterol-
owering medication were added to the questionnaire in
996, and the data presented in this report were collected
rom May 1996 through May 2002. Questions about the
roband were answered by a surrogate source within the
amily, typically the spouse or adult offspring. Similar in-
ormation was sought on nondemented first-degree family
embers of these probands older than 50 years, starting
ith at least one sibling (required), additional siblings,

pouse, parents, or children (if possible).
In a subset of 1,171 of the 1,486 nondemented family

embers in this analysis who claimed to be cognitively

ormal, or were reported by family informants to be de- n
entia free, cognitive status was confirmed to be normal in
,168 (99.7%) through the administration of the modified
elephone Interview of Cognitive Status (mTICS) [27,28].
hose who did not receive cognitive evaluation were older,
ore likely to be male, less well educated, and more likely

o be African American than those who did, but the two
roups were not significantly different in having a history of
eart disease or diabetes or in their respective use of statins
nd nonstatins. Information on both patients and first-degree
amily members was supplemented where available by mul-
iple informants, medical records including autopsy reports,
eath certificates, and nursing home records.

To elicit information on prior use of cholesterol-lowering
edications, the following question was asked: “Did you

ver take cholesterol-lowering medication (eg, Mevacor or
ravachol) on a daily basis for more than six months?” For
roxy reporting about a relative with AD, the question
ubstituted “your relative” for “you,” For any affirmative
nswer, a follow-up question asked for the dates at which
he medications were first used and the names of all
holesterol-lowering medications that had been used. His-
orical information about the (largely deceased) parents of
robands was excluded from the analysis because statins
ere not available during most of their lifetimes.
To minimize the potential for both temporal bias (owing

o increasing use of statin over the last decade) and pre-
cription bias (owing to physicians unwillingness to offer
tatins to demented persons) subjects from each family
whether AD cases or nondemented family members) were
onsidered to have been exposed to cholesterol-lowering
rugs only if the starting date for statin treatment preceded
he earliest report of AD symptoms in the probands by at
east one year. Age represented the age of cases and of
ondemented relatives on the date of first symptom report.
istory of heart disease, diabetes, stroke, smoking, and
ypertension were each treated as a dichotomous variable.

As shown in Figure 1, there were 967 probands and
,598 relatives over the age of 50 who were queried about
holesterol-lowering drugs. After exclusions for those sub-
ects who had missing or unsure responses for the name of
heir cholesterol-lowering medication, did not include a
edication start date, or had missing data for the variables

ge, gender, education, or race, there were 892 probands
nd 1,486 relatives. Of the 1,486 relatives, three were re-
orted to be demented with the onset of their dementia
efore to the proband exposure period in that family as
efined above. The diagnosis in these three participants was
erified by review of medical records as having probable or
efinite AD by research criteria [26,29,30], so these were
lassified with the probands as having AD. Therefore, this
nalysis includes 895 subjects with AD and 1,483 nonde-
ented relatives of AD patients. APOE genotyping with

tandard polymerase chain reaction (PCR) procedure was
vailable for a subset of 717 persons with AD and 983

ondemented relatives.
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.2. Methods for evaluating potential bias from
symmetrical data collection

Patients with AD are unable to provide accurate personal
istories, so medical information about them was, in each
ase, provided or supplemented by a surrogate, typically a
lose family member such as a spouse or adult child. When
ealth information was elicited from the nondemented fam-
ly members, the information was provided by the subject
imself or herself in about two thirds of our nondemented
ubjects. This presents the potential for bias if family mem-
ers were more or less likely to recall or report certain
onditions pertaining to the relative affected with AD in
omparison with self-report.

We addressed this potential bias by interviewing multi-
le family members, reviewing all available medical
ecords, and performing a reliability study to compare the
esponses of 81 normal individuals with proxy responses
rom 159 surrogate informants from their families [25]. In
his study, the answers to the question about prior use of
holesterol-lowering medications were 100% reliable (in
omparison with self-report) when collected from a spouse,
aughter, or son; 80% reliable when collected from a sister;
nd 64% reliable when collected from a brother. We re-
eated the analysis reported in this report with and without
urrogate information from brothers.

.3. Statistical analysis

Descriptive statistics were calculated for those with AD
nd their nondemented relatives. To examine whether the
ackground covariates (Table 1) differed in these two
roups, we used generalized estimating equations (GEE)
ith only the corresponding covariate as an independent
easure, thereby accounting for familial correlations that
ight be reflected in these measures.

ily
83)

Age-Adjusted
Percent AD

Age-Adjusted
Percent Non-Demented

p Value*

�0.0001
40.1 38.8 0.327
79.8 76.4 �0.0001
25.0 20.9 �0.0001
18.3 22.5 0.362
9.3 11.4 0.543
3.8 4.8 0.215
2.6 4.2 0.047
1.2 0.6 0.210

79.7 66.0 �0.0001
64.6 37.6 �0.0001

n among observations.

year or more.
ig. 1. Subjects � 50 years (adjusted for family Index Date) completing
able 1
haracteristics of AD patients and nondemented family members

haracteristic AD
(n � 895)

Nondemented Fam
Members (n � 14

ean Age (SD) 70.0 (8.2) 65.2 (8.8)
ex (% male) 333 (37.2) 586 (39.5)
reater than HS Ed (%) 665 (74.3) 1196 (80.7)
frican American (%) 241 (26.9) 306 (20.6)
istory of Heart disease (%)† 174 (19.7) 310 (21.1)
istory of diabetes (%)† 92 (10.4) 161 (11.0)
se of lipid-lowering med (%) 32 (3.6) 68 (4.6)
Statins‡ 23 (2.6) 60 (4.1)
Non-statins‡ 9 (1.0) 8 (0.54)

POE Genotyping
Blood drawn (%) 717 (80.1) 983 (66.3)
Persons with 1 to 2 �4 alleles (%)§ 463 (64.6) 370 (37.6)

* Reported p values use General Estimating Equations to account for correlatio
† Based on a subset of subjects for whom these data were available.
‡ Exposure to statins and nonstatins had to precede AD symptom onset by one
.
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Adjusted associations were also estimated using GEE
ith the presence or absence of AD as the dependent vari-

ble and statin use as the primary independent variable.
onfounding was evaluated by creating models with differ-
nt combinations of covariables and examining the associ-
tion between statin use and AD for change. Key variables,
uch as age, sex, race, and education, were retained in the
odel even though they did not appear to be confounding.
Initially, we used stratification methods to evaluate

hether the association between statin use and AD was
omparable across all subgroups. We specifically evaluated
hether the association between statin use and AD was

imilar for those with an APOE �4 allele and those without
n the subset of subjects in whom genotype information was
vailable. In addition to stratification by APOE �4 status, we
ormally evaluated these associations in a GEE model (Ta-
le 3). To do so, we added an interaction term (�4 * statin
se) to the model. Our analyses also considered the effect of
onstatin cholesterol-lowering medications (�4 * nonstatin
se). Finally, we evaluated whether the association was the
ame for statins and for nonstatins with a Z statistic that
ompared the difference between the estimated regression
oefficients, weighted by the variance of this difference. We
xamined the associations among African Americans and
uropean Americans in the same manner. All analyses were
erformed using SAS version 8.2.

. Results

Characteristics of the 2,378 subjects are listed in Table 1.
D patients were older than nondemented relatives. AD

able 2
djusted ORs for exposure to statin and nonstatin lipid-lowering medicat

xposure AD Nondemented
Family Members

o lipid medications 863 1,415
se of statins 23 60
se of non-statins 9 8

* Adjusted for age, sex, race, and education.

able 3
isk of AD with and without prior use of lipid-lowering medications, stra

xposure AD Nondemented
Family Members

aving no �4 alleles
No lipid medications 246 589
Use of statins 5 19
Use of nonstatins 3 5

aving at least one �4 allele
No lipid medications 444 349
Use of statins 14 19
Use of nonstatins 5 2
* Adjusted for age, sex, ethnicity, and education.
atients were also less well educated, but history of heart
isease and diabetes were not significantly different be-
ween groups. Subjects with one or two �4 alleles were
ignificantly more likely to have AD.

Of the 1,483 nondemented relatives, 60 (4.1%) reported
ver using statins compared with 23 (2.6%) of cases (age
djusted p � 0.047). Use of nonstatin cholesterol-lowering
edications was not significantly different between AD

ases (1.0%) and nondemented relatives (0.54%), (age ad-
usted p � 0.21).

The relative risk of AD with prior use of statins and
onstatin cholesterol-lowering medications was esti-
ated by calculating crude, age-adjusted, and multivari-

te adjusted odds ratios as shown in Table 2. In our
lanned analysis, after adjustment for age, gender, edu-
ational level, and race, subjects who reported prior use
f statins had a reduced odds of having had AD with an
dds ratio (OR) of 0.61 (95% confidence interval [CI],
.38 to 0.98). In contrast, there was no significant reduc-
ion in odds of having had AD among those with prior use
f nonstatin cholesterol-lowering medications (OR, 1.7;
5% CI, 0.61 to 5.0). The association (adjusted for co-
ariates as in Table 2) among European Americans (OR,
.62; 95% CI, 0.37 to 1.1) was similar to that among
frican Americans (OR, 0.55; 95% CI, 0.20 to 1.5), and

hese were not significantly different from each other (p
0.83). Adjustment for history of heart disease, diabe-

es, stroke, smoking, or hypertension did not change the
ssociation between statin use and AD. We did not have
nformation on cholesterol levels of the subjects in our
tudy and could not adjust for this potential confounder.

th those who reported no use of a cholesterol-lowering medication

rude OR
95% CI)

Age-Adjusted OR
(95% CI)

Adjusted OR*
(95% CI)

1.0 1.0 1.0
(0.40 to 0.99) 0.60 (0.37 to 0.97) 0.61 (0.38 to 0.98)
(0.71 to 4.8) 1.7 (0.60 to 5.0) 1.7 (0.61 to 5.0)

y APOE genotype

Crude OR
(95% CI)

Age-Adjusted OR
(95% CI)

Adjusted OR*
(95% CI)

1.0 1.0 1.0
.63 (0.23 to 1.7) 0.55 (0.19 to 1.6) 0.56 (0.19 to 1.7)
1.4 (0.23 to 3.3) 1.4 (0.28 to 7.5) 1.5 (0.28 to 7.5)

1.0 1.0 1.0
.58 (0.30 to 1.1) 0.54 (0.27 to 1.1) 0.55 (0.28 to 1.1)
2.0 (0.38 to 10.1) 2.1 (0.38 to 11.4) 2.0 (0.39 to 9.9)
ions wi

C
(

0.63
1.8
tified b

0
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Several post-hoc analyses were conducted because of the
ossibility of heterogeneity. When surrogate information
rovided by brothers of probands was excluded from the
nalysis, the odds ratio was unchanged (OR, 0.61; 95% CI,
.38 to 0.99). In the subset of 717 AD patients and 983
ondemented relatives for whom APOE genotype was
vailable, the results were similar for statins, adjusted for
he presence of the �4 allele (adjusted OR, 0.56; 95% CI,
.31 to 0.99) and nonstatins (adjusted OR, 1.7; 95% CI, 0.54
o 5.1). Evaluation of the potential interaction between sta-
in use and the presence or absence of at least one �4 allele
as not significant (p � 0.98), and there was no apparent

rend toward interaction when the data were stratified by
POE genotype (Table 3).

Among those who used statins, the distribution of type of
tatin used is summarized in Table 4. Of the 83 subjects who
eported statin use, 13 (15.7%) reported using more than
ne statin, and, in these cases, the first-marketed of the
tatins listed was recorded in Table 4.

. Discussion

These findings suggests that use of statin medications for
t least six months is associated with significantly lowered
dds of AD development, adjusting for age, gender, educa-
ion, and race. Further adjustment for history of heart dis-
ase, diabetes, smoking, hypertension, and stroke did not
lter the results. No effect modification was observed by
POE genotype. This study examined a large number of
ersons evaluated at AD research centers whose diagnosis
as obtained using standardized and validated research cri-

eria. To minimize temporal and prescription biases that
ould occur in patients with prevalent AD and with conven-
ional censoring of controls, the date of earliest symptom
nset was carefully determined by examination of the pro-
and or chart review by an expert clinician. Exposure to
tatins was not counted in either probands or family mem-
ers within any given family unless it preceded that date by
t least one year. The subjects without dementia were first-
egree family members of those subjects with AD, provid-
ng some degree of informal matching on age, socioeco-
omic status, health-seeking behavior, and physician

able 4
pecific statins used by study subjects

AD (N � 895) Nondemented (N � 1,483)

atural statins
Lovastatin 12 23
Pravastatin 6 8
Simvastatin 1 14

ynthetic statins
Fluvastatin 0 4
Cerivastatin 1 0
Atorvastatin 3 11
rescribing practices. Most nondemented relatives were p
erified to be cognitively intact by administration of a val-
dated telephone cognitive screening measure.

Our subject selection was not representative of AD pa-
ients at large because our subjects began as patients at
cademic medical centers and were then recruited as vol-
nteers in the MIRAGE Study. Statin use will be influenced
y other medical concerns such as elevated cholesterol
evels and heart disease. Medication use was reported his-
orically and may not be entirely accurate, and “heart dis-
ase” was not specified as to type in our questions. Also, our
tudy did not have access to information about cholesterol
evels or duration of medication use in our subjects; how-
ver, probands and relatives were well balanced with re-
pect to having a history of heart disease and diabetes
Table 1), and adjustment for these did not alter the point
stimate of the association between statin use and risk of
D. Although our study has the largest numbers for any

ase-control study of this association, there were only 547
frican Americans, so we cannot exclude the possibility

hat there was insufficient power to find differences in the
tatin–AD association by race.

Differential reporting is a potential source of bias in a
tudy that uses self-report on most of the nondemented
ubjects, yet relies on surrogate respondents for all of the
ubjects with AD. Asymmetric data collection is difficult to
void when cases are cognitively impaired but may be more
ccurate than expected in AD patients where the surrogate
istorian has a long association with the subject. Nonethe-
ess, we addressed this potential bias by performing an
ndependent reliability study to determine the accuracy of
urrogate information on a number of questions, including
he same questions used in this report about the use of
holesterol-lowering medications [25]. A study comparing
roxy historians for nondemented persons does not per-
ectly mirror the situation in which proxy historians report
n demented individuals. However, our reliability study
ound excellent concordance for surrogate responses from
ll categories of relatives except brothers of index cases, and
epeating the analyses reported in this report without includ-
ng AD patients whose information was provided by broth-
rs did not change the results.

These data confirm and extend the results of several
ther observational studies that found similar associations in
maller numbers of participants [16,17,19]. In one of these,
he Canadian Study of Health and Aging, the use of lipid-
owering drugs was associated with lowered risk of AD in
ubjects younger than 80 years, but not in those 80 or older
19]. However, several community-based prospective stud-
es have been unable to show a clear association between
tatin use and reduced risk of AD [21–23]. In the Cache
ounty Study, examination of 185 cases of incident demen-

ia (104 with AD), failed to show a protective association;
owever, the number of outcome events may have been too
mall to provide adequate statistical power [22]. In another

rospective study with 312 incident cases of dementia (216
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ith probable or possible AD), no association was seen
etween the use of statins and risk of dementia or AD.
owever, post-hoc analyses in this study did show statisti-

ally insignificant point estimates suggestive of a protective
ffect of statin use among those whose age at entry to the
tudy was lower than 80 years, and most of the AD patients
n our study were younger than age 80 [21].

Randomized controlled trials will be the definitive way to
nswer this question. Simple cognitive measures administered
s part of the MRC/BHF Heart Protection study [31] and the
ROSPER trial [32] found no aggregate cognitive benefit at

he end of three to five years. A recent randomized controlled
rial of 63 evaluable subjects treated with atorvostatin or pla-
ebo found trends in the direction of efficacy [33].

Several lines of evidence offer possible biological
echanisms by which statins may confer protection.
irst, elevations of cholesterol inhibit the release of sol-
ble APP [34,35] and cause overproduction of A� by
hifting the metabolism of APP from � to � cleavage
36,37], while reduction of cholesterol with statins atten-
ates �-secretase cleavage of newly synthesized APP27
nd inhibits the generation or level of A� in hippocampal
eurons, cerebrospinal fluid, brain homogenate, and hu-
an serum [38 – 41]. Second, in vivo models of choles-

erol-fed rabbits accumulate excess A� and ApoE immu-
oreactivity in their brains, which is cleared by microglia
hen they are returned to normal diets [42– 44], and

ransgenic mouse models of AD fed high cholesterol
iets show increased A� concentrations [45,46]. Third,
he protein coded by the APOE gene is a ligand for
ipoprotein receptor binding [47,48], and the �4 allele is
ssociated with higher plasma cholesterol levels, athero-
clerosis, and heart disease[49 –58]. Fourth, elevated cho-
esterol has been associated with increased risk of AD or
D pathology in some epidemiologic studies of humans

59 – 62] but not in others [63,64]. Fifth, nondemented
ndividuals with severe coronary artery disease (CAD)
ho come to brain autopsy have more senile plaques and
eurofibrillary tangles than those without CAD, and a
onnection to elevated cholesterol has been inferred from
hese data by some investigators [65– 68]. Sixth, in ad-
ition to lowering cholesterol, statins have antioxidant,
nti-inflammatory, and anti-atherosclerotic effects [69 –
3] that might positively affect the pathophysiology or
linical symptomatology of AD. Associations have also
een reported between increasing late-life HDL choles-
erol levels and neuropathologic markers of AD [74] and
etween altered cerebrospinal fluid high-density lipopro-
eins and AD [75].

Our data provide additional evidence that statin use may
e associated with lowered risk of AD, and new evidence
hat this protective effect is not altered by APOE genotype
r African-American race. Randomized trials of statin med-

cations in patients with AD are underway, and primary
revention trials are under consideration to prospectively
xplore this association.
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