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Statins and cognitive function
in the elderly

The Cardiovascular Health Study
C. Bernick, MD; R. Katz, PhD; N.L. Smith, PhD; S. Rapp, MD; R. Bhadelia, MD; M. Carlson, PhD;

and L. Kuller, MD, for the Cardiovascular Health Study Collaborative Research Group*

Abstract—Objective: To examine the association of statin drug use on cognitive and MRI change in older adults. Methods:
Participants in the Cardiovascular Health Study, a longitudinal study of people age 65 or older, were classified into three
groups determined by whether they were taking statin drugs on a continuous basis, intermittently, or not at all. The
untreated group was further divided into categories based on National Cholesterol Education Program recommendations
for lipid-lowering treatment. Participants with prevalent or incident clinical TIA or stroke or with baseline Modified
Mini-Mental State Examination (3MS) scores at or below 80 were excluded. Outcomes examined included rate of change
on the 3MS over an average observational period of 7 years, along with changes in MRI white matter grade and measures
of atrophy. Results: Three thousand three hundred thirty-four participants had adequate data for analysis. At baseline,
the untreated group in which lipid-lowering drug treatment was recommended were slightly older, less likely to be on
estrogen replacement, and had higher serum cholesterol and lower 3MS scores than the statin-treated group. The rate of
decline on the 3MS was 0.48 point/year less in those taking statins compared with the untreated group for which
treatment was recommended (p � 0.069) and 0.49 point/year less in statin users compared with the group in which
lipid-lowering treatment was not recommended (p � 0.009). This effect remained after controlling for serum cholesterol
levels. One thousand seven hundred thirty participants with baseline 3MS scores of �80 underwent cranial MRI scans on
two occasions separated by 5 years. There was no significant difference in white matter grade change or atrophy measures
between groups. Conclusion: Statin drug use was associated with a slight reduction in cognitive decline in an elderly
population. This relationship could not be completely explained by the effect of statins on lowering of serum cholesterol.

NEUROLOGY 2005;65:1388–1394

The influence of serum cholesterol and statin medi-
cations on cognitive function has been a topic of re-
cent interest. Most research has focused on the role
of these factors in development of Alzheimer disease
(AD). Transgenic animal models have implicated hy-
percholesterolemia in promoting amyloid pathology,
whereas several epidemiologic studies suggest that
statins may reduce the risk of AD.1-7

Results of some recent studies have cast doubt on
the cognitive benefits of statins. A prospective cohort
study did not find a significant association between
statin use and incident dementia.8 Moreover, no fa-
vorable cognitive effects were seen in two prospective
trials of statins.9,10 A number of factors may contrib-
ute to the conflicting conclusions on statin cognitive
effects, including differences in cohorts studied, du-
ration of follow-up, analytical methods, and end-
points used. Thus, there are still questions as to
whether statins may have a pro-cognitive influence
and, if so, by what mechanism.

The Cardiovascular Health Study (CHS) is a
community-based, prospective, epidemiologic study
of risk factors for coronary and cerebrovascular dis-
ease in older adults. As part of the study, partici-
pants underwent yearly cognitive testing, with 3,660
participants also undergoing cranial MRI scans. We
undertook this study with the objective of determin-
ing if statin use was associated with a reduction in
cognitive change over time in a elderly population
free of dementia or overt cerebrovascular disease.

Methods. Members of the CHS cohort were recruited from a
random sample of the Health Care Financing Administration
Medicare eligibility lists in four US communities: Forsyth County,
NC; Sacramento County, CA; Washington County, MD; and Pitts-
burgh (Allegheny County), PA. Participants had to be age 65 or
older, able to give informed consent, and able to respond to ques-
tions without the aid of a surrogate respondent. They could not be
institutionalized, wheelchair bound in the home, or under treat-
ment for cancer. Of eligible persons recruited for CHS, 58% agreed
to participate (n � 5,888) and were enrolled. Those who partici-
pated were more educated, younger, and more likely to be married
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than those who did not. Details of the CHS design and recruit-
ment have been described elsewhere.11-13

Data collection. The CHS study protocol consisted of a base-
line clinic visit followed by semiannual updates that alternated
between phone contacts and clinic visits through June 1999. At
study entry in 1989 and 1992, participants underwent an exten-
sive baseline evaluation that included standard questionnaires,
physical examination, and laboratory testing as described
elsewhere.11,12

During the 10 years of follow-up, participants completed an-
nual in-clinic examinations including questions on medication use,
smoking status, and hospitalizations. At year 3 of follow-up, ex-
amination also included fasting lipid levels. Cognitive function
was evaluated annually using the Modified Mini-Mental State
Examination (3MS). The 3MS assesses several areas of cognition
in greater detail than the original version and has scores ranging
from 0 to 100, with higher scores reflecting higher levels of cogni-
tive function.14 Scores of 80 or below have a high specificity for
dementia.14

Cerebrovascular events (stroke or TIA) were ascertained
through regular surveillance every 6 months at the field centers
with subsequent review of hospital records, procedures, informa-
tion from attending physicians, and interviews with the partici-
pant or next of kin.15 Possible cerebrovascular events identified
were adjudicated by a stroke subcommittee comprised of neurolo-
gists from each site and a neuroradiologist.16

Consenting CHS participants without contraindication under-
went cranial MRI scans in a standard fashion at two time points
during the study period separated by an average of 4 years. The
scanning protocol included sagittal T1-weighted images and axial
T1-weighted, spin density, and T2-weighted images, all with
5-mm thickness and no interslice gaps. Imaging data were sent to
a single reading center for interpretation by neuroradiologists
with training in the CHS protocol and without knowledge of the
subject’s clinical information.17

The white matter signal changes and ventricular and sulcal
size of each individual were assessed on a semiquantitative 10-
point scale using predefined visual standards. Portions of these
atlases have been previously published and the methods de-
scribed.17,18 Cerebral infarcts were classified according to pre-
defined standards described previously.17 Infarcts were considered
silent if the participant had no clinical history of TIA or stroke.

Statistical methods. Because participants may have imple-
mented lifestyle and medical changes soon after entering the
study owing to improved risk factor awareness, we used the year 3
visit, when lipid levels were next repeated, as the baseline for
analysis. For measurements and characteristics assessed on more
than one occasion, such as smoking status or aspirin use, the
values obtained at the year 3 exam were used. Of the 5,880 partic-
ipants in CHS, 2,716 were excluded from analysis for one or more
of the following listed in a hierarchical order: 1) had incomplete or
no lipid data (n � 566), 2) had baseline 3MS score �80 (n � 583),
3) had �2 years of cognitive testing data (n � 471), 4) no baseline
3MS score ( n � 161), 5) had missing information on statin use
(n � 424), and 6) had an incident stroke or TIA (n � 349).

Analysis of cognitive change by years of statin use yielded
groups with relatively small numbers. To improve statistical
power, we divided the cohort into three categories: 1) an “un-
treated” group consisting of participants who never received or
had �2 years of statin (i.e., atorvastatin, lovastatin, fluvastatin,
pravastatin, or simvastatin) treatment, 2) an “intermittent” group
composed of those with only 2 to 4 years of continuous treatment
or 3, 4, or 5 years of nonconsecutive use, and 3) a “continuous”
group, those with greater than 4 years of continuous statin treat-
ment. Participants in the “untreated” group were classified into
three mutually exclusive categories based on 1993 National Cho-
lesterol Education Program guidelines for treatment of hyperlipid-
emia (see Appendix).

For the five categories, we tested univariate associations with
continuous variables by analysis of variance (ANOVA) and binary
variables by �2 tests. Cognitive decline was measured as the rate
of change in 3MS scores per year calculated for each participant.
The rate was then modeled as the response variable in a linear
regression. The regression coefficient represented the change in
score per year associated with 1-unit change in the covariate. We
used multivariate regression to adjust for factors that could con-
found the relationship between statins and cognitive decline.

These factors were age, sex, presence of APOE ε4, educational
attainment, and cholesterol. We used univariate ANOVA to test
the effect of the different treatment categories. This test is based
on the linearly independent pairwise comparisons among the esti-
mated marginal means. We tested for trend by handling the treat-
ment categories as a continuous variable. To explore possible
effect modification, we repeated adjusted analyses stratified by
sex and by the presence or absence of the APOE ε4 alleles. We
used SPSS 11.0.1 (Chicago, IL) for all analyses.

Only 3,660 of the 5,888 CHS participants underwent an MRI.
Cross-sectioning those who underwent MRI at year 5 and year 10
visits with the statin data, we were left with 1,823 subjects with
an average interval between scans of 5.1 years for analyses of
change in MRI. Of these, 1,730 had a baseline 3MS score of �80,
and these were used in the MRI analysis. For the MRI analysis,
white matter, ventricular, and sulcal grade were treated as con-
tinuous variables. Our primary analyses used linear regression to
examine the association of statin use with the difference between
first and second MRI after adjusting for covariates, with those not
treated with statins and classified as normal as a reference group.
For each group, the difference in adjusted means was compared
with the reference group, and the 95% CI for the difference in
means was obtained. Covariates that were associated with cogni-
tive decline and type of treatment group were examined in general
linear models. Covariates that changed the adjusted mean white
matter grade, ventricular size, and sulcal size for any treatment
group by �5% were retained in the final models.

Results. Baseline characteristics of the 3,334 partici-
pants included in analysis are shown in table 1. Total
cholesterol, low-density lipoprotein (LDL), and age were
highest among the untreated group for whom drug therapy
was recommended, whereas the proportion of woman on
estrogen replacement was highest in the group treated
with statins continuously and the no therapy recom-
mended group. Baseline 3MS score and other characteris-
tics were similar among the five groups.

Table 2 lists the unadjusted and adjusted mean change
in cognitive decline. The adjusted model uses the covari-
ates that were associated with cognitive decline and dis-
plays the rate of change per year in the various treatment
categories. The unadjusted difference in mean rate of 3MS
change between those in the continuous statin group com-
pared with the drug therapy–recommended group was 0.48
point/year (95% CI 0.06, 0.89; p value � 0.024). After ad-
justing for age, APOE ε4, sex, race, cholesterol, and educa-
tion, the difference in 3MS rate was 0.40 point/year (95%
CI -0.03, 0.87; p value � 0.069). The unadjusted difference in
3MS between the continuous statin group compared with the
not recommended treatment group was 0.49 (95% CI
0.12,0.85; p value � 0.009), which remained significant even
after adjustments (0.49; 95% CI 0.04,0.95; p value � 0.026).

Baseline characteristics of those participants with 3MS
score of �80 and who underwent two MRI scans are seen
in tables 3 and 4. There was no significant difference in
white matter, ventricular, or sulcal grade change between
continuous statin users and the untreated groups, as dis-
played in table 5. There was, however, a fourfold increase
in individuals with silent infarcts seen in the treatment-
recommended group compared with the statin-treated
group.

Cholesterol, LDL, HDL, and triglycerides were not iden-
tified as significant covariates as the classification of the
untreated groups was based on LDL levels and other risk
factors such as HDL level. To determine if high levels of
cholesterol contributed to the cognitive decline seen, ad-
justments for cholesterol level at baseline were added in
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the final model. This adjustment did not make any change
in the rate of cognitive decline between groups.

Discussion. In the elderly cohort that comprises
the CHS, the use of statin drugs was associated with
a very slight reduction in rate of cognitive decline
compared with individuals in whom statin medica-
tions were not indicated. Moreover, the attenuation
in cognitive decline in statin users was not related to

baseline serum lipid levels. In a subset of partici-
pants who underwent serial MRI scans separated by
5 years, there were no notable differences in the evolu-
tion of white matter or atrophy measures between
treatment groups. However, those in the treatment-
recommended group had a greater accumulation of si-
lent infarcts than the statin-treated group.

Prior work has implied that hypercholesterolemia

Table 1 Characteristics at baseline for patients with 3MS score of �80*

Treated at baseline
Untreated at baseline

Characteristics
Continuous,

n � 293
Intermittent,

n � 158
No treatment,

n � 2,031

Diet therapy
recommended,

n � 501

Drug therapy
recommended,

n � 351 p†

Mean (SD) age, y 72.9 (3.6) 73.4 (4.2) 74.6 (5.3) 74.7 (5.0) 75.9 (5.8) �0.0001

Older than 75 y 27.3 31.6 42.2 45.9 54.7 �0.0001

Female, % 65.5 59.5 58.3 61.9 66.7 0.279

Nonblack, % 91.8 86.1 83.8 79.4 77.2 �0.0001

High school graduate, 77.1 77.8 78.0 68.2 67.4 0.608

Aspirin use, % 6.1 6.3 2.4 2.6 5.1 0.998

Estrogen use, % of women 15.1 9.6 17.2 6.8 3.8 �0.0001

Current or past smoker, % 52.6 56.3 52.8 54.1 51.6 0.140

Systolic BP, mm Hg 134 (21.1) 133.3 (19.6) 136.1 (21.1) 133.8 (21.1) 135.1 (20.9) 0.509

Diastolic BP, mm Hg 69.2 (9.7) 69.7 (10.1) 71.4 (11.5) 71.1 (10.6) 71.7 (11.2) 0.003

Hypertension, % 47.4 46.8 35.0 47.0 49.3 0.054

Cholesterol, mg/dL 221.5 (34.5) 233.1 (58.5) 193.9 (29.9) 222.0 (31.7) 249.1 (32.5) �0.0001

LDL, mg/dL 135.5 (33.0) 146.7 (50.9) 112.5 (25.9) 141.8 (25.3) 166.7 (27.1) �0.0001

HDL, mg/dL 51.4 (13.5) 50.7 (14.8) 55.2 (15.0) 52.4 (12.8) 52.1 (12.8) 0.504

Triglycerides, mg/dL 175.7 (115.6) 181.8 (115.0) 138.9 (77.3) 130.4 (68.9) 133.1 (68.3) �0.0001

Alcohol, drinks/wk 1.7 (4.5) 1.4 (3.7) 2.4 (5.8) 1.8 (4.8) 1.7 (4.9) 0.960

3MS score 93.7 (4.5) 92.9 (4.6) 92.9 (4.9) 92.9 (5.1) 93.1 (4.9) 0.115

APOE ε4 allele prevalence, % 29.6 25.2 22.6 29.6 29.4 0.149

* Values for variables are means (SD) for continuous variables and percentages for discrete variables.
† p Values are two tailed and based on analysis of variance for continuous variables and �2 for discrete variables. They represent the

differences between the drug therapy–recommended group and continuous statin users.

3MS � Modified Mini-Mental State Examination; BP � blood pressure; LDL � low-density lipoprotein; HDL � high-density
lipoprotein.

Table 2 Unadjusted/adjusted* mean change in 3MS total (3MS score of �80)

Treated
Untreated

Continuous,
n � 293

Intermittent,
n � 158

No treatment,
n � 2,031

Diet therapy
recommended,

n � 501

Drug therapy
recommended,

n � 351

Unadjusted,
mean
(95% CI)

�0.26 (�0.56 to 0.05) �0.50 (�0.92 to �0.09) �0.75 (�0.86 to �0.63) �0.61 (�0.85 to �0.38) �0.73 (�1.01 to �0.45)

Adjusted,*
mean
(95% CI)

�0.27 (�0.61 to 0.06) �0.45 (�0.89 to �0.01) �0.76 (�0.89 to �0.63) �0.61 (0.87 to �0.36) �0.70 (�1.02 to �0.38)

* Mean adjusted for age, gender, race, APOE, education level, and cholesterol.

3MS � Modified Mini-Mental State Examination.

1390 NEUROLOGY 65 November (1 of 2) 2005
 at Johns Hopkins University on April 9, 2010 www.neurology.orgDownloaded from 

http://www.neurology.org


promotes, and statins protect against, AD pathology.
Animal and cell models have shown that serum cho-
lesterol levels and statin drugs modulate �-amyloid
deposition and metabolism in the brain.19-27 In addi-

tion, several epidemiologic studies have reported a
reduced risk of AD in those taking statins.5,6

Though we attempted to segregate out cognitively
impaired individuals at baseline by using a 3MS

Table 3 Characteristics at baseline of those undergoing MRI scanning

Treated at baseline
Untreated at baseline

Characteristics
Continuous,

n � 173
Intermittent,

n � 84
No treatment,

n � 1,021

Diet therapy
recommended,

n � 274

Drug therapy
recommended,

n � 178 p

Age, y 72.8 (3.5) 73.4 (4.5) 74.6 (5.2) 74.1 (4.9) 76.5 (5.7) �0.0001

Older than 75 y 29.5 29.8 41.0 40.1 61.8 �0.0001

Female, % 65.3 54.8 57.8 65.0 68.0 0.782

Non black, % 91.9 85.7 84.9 80.7 75.8 0.162

High school graduate, % 81.5 81.0 77.3 68.9 68.4 0.217

Aspirin use, % 5.8 6.0 1.6 2.2 3.4 0.317

Estrogen use, % of women 15.9 13.0 18.5 6.7 4.1 0.007

Current or past smoker, % 53.8 58.3 54.6 56.6 57.3 0.519

Hypertension, % 48.6 34.5 36.0 46.9 50.6 0.649

Systolic BP, mm Hg 134.5 (20.8) 130.4 (18.5) 133.9 (19.9) 133.0 (18.9) 132.3 (18.7) 0.295

Diastolic BP, mm Hg 69.2 (9.3) 69.0 (10.0) 71.0 (11.4) 71.1 (10.3) 71.6 (10.3) 0.026

Cholesterol, mg/dL 221.9 (32.3) 233.7 (65.9) 193.3 (30.1) 222.9 (31.6) 250.0 (33.4) �0.0001

LDL, mg/dL 136.4 (30.5) 147.7 (53.2) 112.0 (25.6) 142.0 (25.5) 167.8 (28.1) �0.0001

HDL, mg/dL 52.2 (13.6) 49.3 (15.0) 54.9 (14.8) 52.4 (12.6) 52.8 (13.8) 0.671

Triglycerides, mg/dL 172.7 (118.4) 183.3 (136.1) 135.7 (76.9) 124.1 (63.9) 129.3 (69.0) �0.0001

Alcohol, drinks/wk 1.8 (4.0) 1.3 (3.4) 2.5 (6.3) 1.8 (4.8) 1.8 (5.1) 0.888

3MS score 94.2 (4.4) 93.5 (4.5) 93.4 (4.6) 93.3 (5.0) 93.7 (4.8) 0.291

APOE ε4 allele , % 31.4 25.0 21.7 32.1 29.3 0.919

p values are two tailed and based on analysis of variance for continuous variables and �2 for discrete variables; they represent the dif-
ferences between the drug therapy–recommended group and continuous users.

BP � blood pressure; LDL � low-density lipoprotein; HDL � high-density lipoprotein; 3MS � Modified Mini-Mental State
Examination.

Table 4 Analysis with first and second MRI data: Characteristics of first and second MRI variables and characteristics at baseline (only
for 3MS score of �80)

Treated at baseline
Untreated at baseline

Characteristics
Continuous,

n � 173
Intermittent,

n � 84
No treatment,

n � 1021

Diet therapy
recommended,

n � 274

Drug therapy
recommended,

n � 178 p

1st MRI

Ventricular grade 3.17 3.61 3.39 3.43 3.43 0.037

Sulcal grade 3.14 3.54 3.29 3.25 3.24 0.426

White matter grade 1.99 2.25 2.02 1.96 1.98 0.936

Infarcts, % 33.1 32.9 22.7 23.2 21.6 0.051

2nd MRI

Ventricular grade 3.43 3.85 3.70 3.76 3.80 0.012

Sulcal grade 3.62 4.25 3.82 3.76 3.81 0.226

White matter grade 2.42 2.92 2.54 2.60 2.55 0.446

Infarcts, % 35.6 37.0 28.3 30.7 31.3 0.850

3MS � Modified Mini-Mental State Examination.
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score generally considered relatively specific for de-
mentia,14 undoubtedly patients with mild AD were
included in the group with 3MS score of �80. Thus,
it is possible that the slowing in cognitive decline
seen in CHS statin users may reflect the drugs’ effect
on AD patients in the cohort.

Whether statin drugs influence the maintenance
of cognitive function with aging in non-AD individu-
als is unclear. Multiyear treatment trials of prava-
statin and simvistatin failed to show any beneficial
cognitive effect of those statins.9,10 On the other
hand, in the Heart Estrogen/Progestin Replacement
Study, the authors reported an association between
statin use and better cognitive function in older
women without dementia.28 Hypothetically, there
may be several ways by which statins exert a pro-
cognitive effect. Some statins cross the blood–brain
barrier and may modulate brain cholesterol
metabolism.29-32 It has been proposed that alterations
in brain cholesterol homeostasis can directly alter
neurotransmission and synaptic plasticity.33,34 In ad-
dition, statins have been shown to reduce oxidative
stress and inflammation, increase endothelial nitric
oxide synthase, and improve endothelial function
and blood flow.35-37

The latter mechanism might play a role in reduc-
ing subclinical cerebrovascular disease. After re-
moving participants who sustained a clinically
recognized TIA or stroke from analysis, there was no
noticeable difference in evolution of white matter
disease or atrophy measures between groups over a
5-year period. However, there was a fourfold in-

crease in those with silent infarcts in the untreated
group where treatment was recommended compared
with the statin users. This finding raises the possi-
bility that the more rapid rate of cognitive decline in
our statin-untreated participants for whom treat-
ment would be recommended was due to subclinical
vascular disease. Previously published results from
CHS indicate that increasing white matter disease
or the presence of silent infarcts is linked with wors-
ening cognitive function.38 Most of these silent in-
farcts were located subcortically.

We might have expected that white matter grade
would also have had a higher rate of worsening in
the statin-untreated group. Yet, whereas we were
able to evaluate sequential MRI data in a substan-
tial number of participants, the grading system used
to measure white matter disease or atrophy change
may not have adequate sensitivity or interreader
reliability to detect significant changes within a rel-
atively short interval. Also, the number of partici-
pants in some of the groups does limit the
conclusions that can be drawn on the MRI data.

In designing our analysis, we attempted to ad-
dress several issues that could confound result inter-
pretation. Nevertheless, certain study limitations
need to be acknowledged. This is the first study to
longitudinally compare, and provide a value of, rate
of change in statin-treated and -untreated individu-
als in a community cohort. Although the rate of cog-
nitive decline in statin users in the general cohort
was over half that of untreated participants for
whom lipid-lowering drug treatment was recom-

Table 5 Unadjusted/adjusted* mean difference per annum between first and second MRI, mean of 5.1 years between MRI scans

Treated
Untreated

Continuous,
n � 173

Intermittent,
n � 84

No treatment,
n � 1,021

Diet therapy
recommended,

n � 274

Drug therapy
recommended,

n � 178

White matter grade

Unadjusted, mean 0.09 0.13 0.11 0.13 0.12

(95% CI) (0.05, 0.12) (0.08, 0.18) (0.10, 0.12) (0.10, 0.16) (0.08, 0.15)

Adjusted,* mean 0.09 0.13 0.11 0.13 0.10

(95% CI) (0.05, 0.13) (0.08, 0.18) (0.10, 0.13) (0.11, 0.16) (0.06, 0.14)

Ventricular grade

Unadjusted, mean 0.05 0.05 0.07 0.07 0.07

(95% CI) (0.02, 0.08) (0.02, 0.09) (0.05, 0.08) (0.04, 0.09) (0.04, 0.11)

Adjusted,* mean 0.05 0.05 0.06 0.07 0.08

(95% CI) (0.02, 0.09) (0.003, 0.09) (0.05, 0.08) (0.05, 0.10) (0.05, 0.11)

Sulcal grade

Unadjusted, mean 0.10 0.15 0.11 0.11 0.13

(95% CI) (0.05, 0.15) (0.08, 0.22) (0.09, 0.13) (0.07, 0.15) (0.08, 0.18)

Adjusted,* mean 0.10 0.15 0.12 0.11 0.12

(95% CI) (0.05, 0.16) (0.08, 0.22) (0.10, 0.14) (0.07, 0.16) (0.07, 0.18)

* Mean adjusted for age, gender, race, APOE, education level, and cholesterol.

p values are two tailed and based on a comparison between the drug therapy–recommended group and continuous users.
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mended, the absolute difference on a yearly basis
was quite small. Moreover, CIs were rather large,
casting doubt on the significance of the differences
between groups. If, indeed, statins provide a small
degree of cognitive protection, it may take large
numbers of subjects with long periods of observation
to recognize a benefit if an endpoint such as conver-
sion to dementia is used.

The relationship of statins to lesser decline in cog-
nitive performance may, of course, not be an effect of
the drugs at all. Observational studies assessing
drug effect can be confounded by indication bias. In
clinical practice, physicians may selectively choose
not to treat patients who have declining health or
early features of dementia. We attempted to reduce
this bias by comparing the statin-treated group with
an untreated group where both lipid-lowering medica-
tions would and would not be recommended. In addi-
tion, whereas we controlled for many factors that have
been related to cognitive impairment, there may have
been other unrecognized characteristics of the various
groups that themselves account for the results seen.
For our analysis, we divided the groups based on lipid
levels measured at one point in time; we do not have
information on whether there was significant change
in these levels over the years of the study.

Despite the limitations, the findings from this
large, community-based, prospective study support
the idea that statin drugs may have a slight benefi-
cial influence on cognitive function in an elderly pop-
ulation apart from their serum lipid-lowering effect.
Whether the effect is solely through a modifying in-
fluence on AD progression, reduction in cerebrovas-
cular disease or some other mechanism is unclear.
Findings from randomized clinical trials of statins in
AD currently under way may help clarify this issue
in the future.

Appendix
1993 National Cholesterol Education Program Guidelines

Dietary therapy recommended LDL, mg/dL

Without CHD, �2 risk factors* �160

Without CHD, �2 risk factors* �130

With CHD �100

Drug therapy recommended LDL, mg/dL

Without CHD, �2 risk factors* �190

Without CHD, �2 risk factors* �160

With CHD �130

* Risk factors: men age �45, women age �55, family history of
premature coronary heart disease (CHD), smoking, hyperten-
sion, low levels of high-density lipoprotein (�35 ng/dL), and
diabetes.LDL � low-density lipoprotein.

From Expert Panel on Detection Evaluation and Treatment of
High Blood Cholesterol in Adults. Summary of the second report
of the National Cholesterol Education Program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel II). JAMA 1993;
269:3015–3023.

References
1. Kivipelto M, Helkala EL, Hanninen T, et al. Midlife vascular risk fac-

tors and late-life mild cognitive impairment: a population based study.
Neurology 2001;56:1683–1689.

2. Kivipelto M, Helkala EL, Laakso MP, et al. Midlife vascular risk factors
and Alzheimer’s disease in later life: longitudinal, population based
study. Br Med J 2001;322:1447–1451.

3. Notkola IL, Sulkava R, Pekkanen J, et al. Serum total cholesterol,
apolipoprotein E epsilon 4 allele, and Alzheimer’s disease. Neuroepide-
miology 1998;17:14–20.

4. Jarvik GP, Wijsman EM, Kukull WA, Schellenberg G, Yu C, Larson EB.
Interactions of apolipoprotein E genotype, total cholesterol level, age,
and sex in prediction of Alzheimer’s disease: a case control study. Neu-
rology 1995;45:1092–1096.

5. Evans R, Emsley C, Gao S, et al. Serum cholesterol, APOE genotype,
and the risk of Alzheimer’s disease: a population based study of African
Americans. Neurology 2000;54:240–242.

6. Jick H, Zornberg GL, Jick S, Seshardri S, Drachman D. Statins and the
risk of dementia. Lancet 2000;356:1627–1631.

7. Wolozin B, Kellman W, Ruosseau P, Celesia G, Siegal G. Decreased
prevalence of Alzheimer’s disease associated with 3-hydroxy-3-
methyglutaryl coenzyme A reductase inhibitors. Arch Neurol 2000;57:
1439–1443.

8. Li G, Higdon R, Kukull WA, Peskind E, Van Valen Moore K, et al.
Statin therapy and risk of dementia in the elderly. Neurology 2004;63:
1624–1628.

9. Shepherd J, Blauw GJ, Murphy MB, Bollen EL, Buckley BM, et al.
Pravastatin in elderly individuals at risk of vascular disease: a random-
ized controlled trial. Lancet 2002;360:1623–1630.

10. Heart Protection Study Collaborative Group. MRC/BHF Heart Protec-
tion Study of cholesterol lowering with simvistatin in 20,536 high-risk
individuals: a randomized placebo-controlled trial. Lancet 2002;360:7-22.

11. Fried LP, Borhani NO, Enright P, et al. The Cardiovascular Health
Study: design and rationale. Ann Epidemiol 1991;1:263–276.

12. Tell GS, Fried LP, Hermanson B, Manolio TA, Newman AB, Borhani
NO. Recruitment of adults 65 years and older as participants in the
Cardiovascular Health Study. Ann Epidemiol 1993;3:358–366.

13. Longstreth WT, Manolio TA, Arnold A, et al. Clinical correlates of white
matter findings on cranial magnetic resonance imaging of 3301 elderly
people. Stroke 1996;27:1274–1282.

14. Teng EL, Shui HC. The Modified Mini Mental State (3MS) Examina-
tion. J Clin Psychiatry 1987;48:314–318.

15. Ives D, Fitzpatrick A, Bild D, et al. Surveillance and ascertainment of
cardiovascular events: the Cardiovascular Health Study. Ann Epide-
miol 1995;5:278–285.

16. Price T, Psaty B, O’Leary D, Burke G, Gardin J. Assessment of cerebro-
vascular disease in the Cardiovascular Health Study. Ann Epidemiol
1993;3:504–507.

17. Bryan RN, Manolio TA, Schertz LD, et al. A method for using MR to
evaluate the effects of cardiovascular disease on the brain. AJNR
Am J Neuroradiol 1994;15:1625–1633.

18. Manolio TA, Kronmal RA, Burke GL, et al. Magnetic resonance abnormal-
ities and cardiovascular disease in older adults. Stroke 1994;25:318–327.

19. Bryan RN, Wells SW, Miller TJ, et al. Infarct like lesions in the brain.
Radiology 1997;202:17–19.

20. Refolo LM, Pappolla Ma, Malester B, et al. Hypercholesterolemia accel-
erates the Alzheimer’s amyloid pathology in a transgenic mouse model.
Neurobiol Dis 2000;7:321–331.

21. Haley R. Is there a connection between the concentration of cholesterol
circulating in plasma and the rate of neuritic plague formation in Alz-
heimer’s disease? Arch Neurol 2000;57:1410–1412.

22. Fassbender K, Simons M, Bergmann C, et al. Simvastatin strongly
reduces Alzheimer’s disease AB 42 and A B 40 levels in vitro and in
vivo. Proc Natl Acad Sci USA 2001;98:5856–5861.

23. Simmons M, Keller P, De Strooper B, et al. Cholesterol depletion inhib-
its the generation of B amyloid in hippocampal neurons. Proc Natl Acad
Sci USA 1998;95:6460–6464.

24. Kojro E, Gimpl G, Lammich S, Marz W, Fahrenholz F. Low cholesterol
stimulates the nonamyloidgenic pathway by its effects on the alpha
secretase ADAM 10. Proc Natl Acad Sci USA 2001;98:5815–5820.

25. Simmons M, Keller P, Dichgans J, Schulz J. Cholesterol and Alzhei-
mer’s disease: is there a link? Neurology 2001;57:1089–1093.

26. Games D, Adams D, Alessandrini R, et al. Development of neuropathol-
ogy similar to Alzheimer’s disease in transgenic mice overexpressing
the 717 B amyloid precursor protein. Nature 1995;373:523–528.

27. Buxbaum J, Cullen E, Friedhoff L. Pharmacological concentrations of
the HMG-CoA reductase inhibitor lovastatin decrease the formation of
the Alzheimer beta-amyloid peptide in vitro and in patients. Front
Biosci 2002;7:50–59.

28. Yaffe K, Barrett-Connor E, Lin F, Grady D. Serum lipoprotein levels,
statin use, and cognitive function in older women. Arch Neurol 2002;59:
378–384.

29. Simons M, Schwarzler F, Lutjohann D, et al. Treatment with simvista-
tin in normocholesterolemic patients with Alzheimer’s disease: a 26
week randomized, placebo-controlled, double blind trial. Ann Neurol
2002;52:346–350.

November (1 of 2) 2005 NEUROLOGY 65 1393
 at Johns Hopkins University on April 9, 2010 www.neurology.orgDownloaded from 

http://www.neurology.org


30. Golde TE, Eckman CB. Cholesterol modulation as an emerging strategy
for the treatment of Alzheimer’s disease. DDT 2001;6:1049–1055.

31. Simons M, Keller P, Dichgans J, Schulz J. Cholesterol and Alzheimer’s
disease. Is there a link? Neurology 2001;57:1089–1093.

32. Fassbender K, Stroick M, Bertsch T, et al. Effects of statins on human
cerebral cholesterol metabolism and secretion of Alzheimer’s amyloid
peptide. Neurology 2002;59:1257–1258.

33. Koudinov AR, Koudinova NV. Essential role for cholesterol in synaptic
plasticity and neuronal degeneration. FASEB J 2001;15:1858–1860.

34. Scanlon SM, Williams DC, Schloss P. Membrane cholesterol modulates
serotonin transporter activity. Biochemistry 2001;40:10507–10513.

35. Kaesemeyer W, Caldwell R, Huang J, Caldwell R. Pravastatin sodium
activates endothelial nitric oxide synthase independent of its choles-
terol lowering actions. J Am Coll Cardiol 1999;33:234–241.

36. Davignon J, Laaksonen R. Low density lipoprotein-independent effects
of statins. Curr Opin Lipidol 1999;10:543–559.

37. Rosenson R, Tangney C. Antiatherothrombotic properties of statins:
implications for cardiovascular event reduction. JAMA 1998;279:1643–
1650.

38. Longstreth WT, Bernick C, Manolio TA, Bryan N, Jungreis C, Price TR.
Lacunar infarcts defined by magnetic resonance imaging of 3660 el-
derly people. Arch Neurol 1998;55:1217–1225.

AAN INTERNATIONAL SCHOLARSHIP AWARD APPLICATION
DEADLINE DECEMBER 1, 2005

This scholarship is designed to provide eligible international members the opportunity to attend and participate in the
2006 AAN Annual Meeting. Up to four scholarships will be provided for eligible international members who demon-
strate financial need and interest in attending the Annual Meeting. For more information, visit the AAN Web site at
www.aan.com/professionals/awards.

1394 NEUROLOGY 65 November (1 of 2) 2005
 at Johns Hopkins University on April 9, 2010 www.neurology.orgDownloaded from 

http://www.neurology.org


DOI: 10.1212/01.wnl.0000182897.18229.ec 
 2005;65;1388-1394 Neurology

the Cardiovascular Health Study Collaborative Research Group 
C. Bernick, R. Katz, N. L. Smith, S. Rapp, R. Bhadelia, M. Carlson, L. Kuller and for

 Statins and cognitive function in the elderly: The Cardiovascular Health Study

This information is current as of April 9, 2010 

 & Services
Updated Information

 http://www.neurology.org/cgi/content/full/65/9/1388
including high-resolution figures, can be found at: 

 Subspecialty Collections

 ogy
http://www.neurology.org/cgi/collection/risk_factors_in_epidemiol

 factors in epidemiology
Risk http://www.neurology.org/cgi/collection/all_epidemiology

 epidemiology
All http://www.neurology.org/cgi/collection/cognitive_aging

 Cognitive aging
 http://www.neurology.org/cgi/collection/alzheimers_disease

 Alzheimer's disease ementia
http://www.neurology.org/cgi/collection/all_cognitive_disorders_d

 All Cognitive Disorders/Dementia avior
http://www.neurology.org/cgi/collection/all_neuropsychology_beh

 Neuropsychology/Behavior
All http://www.neurology.org/cgi/collection/mri

 MRI
following collection(s): 
This article, along with others on similar topics, appears in the

 Permissions & Licensing

 http://www.neurology.org/misc/Permissions.shtml
or in its entirety can be found online at: 
Information about reproducing this article in parts (figures, tables)

 Reprints
 http://www.neurology.org/misc/reprints.shtml

Information about ordering reprints can be found online: 

 at Johns Hopkins University on April 9, 2010 www.neurology.orgDownloaded from 

http://www.neurology.org/cgi/content/full/65/9/1388
http://www.neurology.org/cgi/collection/mri
http://www.neurology.org/cgi/collection/all_neuropsychology_behavior
http://www.neurology.org/cgi/collection/all_cognitive_disorders_dementia
http://www.neurology.org/cgi/collection/alzheimers_disease
http://www.neurology.org/cgi/collection/cognitive_aging
http://www.neurology.org/cgi/collection/all_epidemiology
http://www.neurology.org/cgi/collection/risk_factors_in_epidemiology
http://www.neurology.org/misc/Permissions.shtml
http://www.neurology.org/misc/reprints.shtml
http://www.neurology.org

