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Objective: To reexamine the association of lipid levels
with Alzheimer disease (AD) using Cox proportional haz-
ards models.

Design: Prospective cohort study.
Setting: Northern Manhattan, New York.

Participants: One thousand one hundred thirty elderly
individuals free of cognitive impairment at baseline.

Main Outcome Measure: High-density lipoprotein cho-

Results: Higher levels of HDL-C (>55 mg/dL) were as-
sociated with a decreased risk of both probable and pos-
sible AD and probable AD compared with lower HDL-C
levels (hazard ratio, 0.4; 95% confidence interval, 0.2-
0.9; P=.03 and hazard ratio, 0.4; 95% confidence inter-
val, 0.2-0.9; P=.03). In addition, higher levels of total and
non-HDL-C were associated with a decreased risk of AD
in analyses adjusting for age, sex, education, ethnic group,
and APOEe4 genotype.

Conclusion: High HDL-C levels in elderly individuals
may be associated with a decreased risk of AD.

lesterol (HDL-C) levels.
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YSLIPIDEMIA AND LATE-

onset Alzheimer disease

(AD) are highly fre-

quent in western soci-

eties. More than 50% of
the US adult population has high choles-
terol.! About 1% of people aged 65 to 69
years develop AD, and the prevalence in-
creases to more than 60% for people older
than 95 years.” Dyslipidemia is an estab-
lished vascular risk factor, and vascular dis-
ease seems to have an important role in
AD.? It remains unclear whether dyslip-
idemia increases the risk of AD. There is
evidence that cholesterol alters the deg-
radation of the amyloid precursor pro-
tein and shows an effect on amyloid fibril
formation, which play a major role in the
pathogenesis of AD.*> However, other re-
ports indicate that cholesterol depletion
induces AD-type injuries in cultured hip-
pocampal slices’ and that plasma choles-
terol levels have no effect on brain HMG-
CoA reductase activity.® Observational
studies relating plasma lipid levels or lipid-
lowering treatment with the risk of de-
mentia have also been inconsistent.®>! We
previously reported associations be-
tween high levels of low-density lipopro-
tein cholesterol (LDL-C) and decreased

levels of high-density lipoprotein choles-
terol (HDL-C) and vascular dementia,*? as
well as low levels of total cholesterol and
risk of AD,** but no association of HDL-C,
triglyceride, or LDL-C levels with AD,*
amnestic or nonamnestic mild cognitive
impairment (MCI),*® or cognitive test per-
formance over time.>* These prospective
analyses were from a cohort recruited in
1992 through 1994. Our objective in the
present study was to reexamine the asso-
ciations of lipids with dementia in a co-
hort recruited in 1999 through 2001, af-
ter the start of the widespread use of
lipid-lowering treatment in the 1990s fol-
lowing the results of a landmark clinical
trial of lipid lowering.*

BN METHODS B

SUBJECTS AND SETTING

Participants were enrolled in a longitudinal co-
hort study by a random sampling of Medicare
recipients 65 years or older residing in north-
ern Manhattan, New York.*® Each participant
underwent an interview of general health and
function, medical history, a neurological ex-
amination, and a neuropsychological bat-
tery.”” Baseline data were collected from 1999
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through 2001. Follow-up data were collected at sequential in-
tervals of 18 months.

The current sample included participants without baseline
dementia or MCI with information on plasma lipid levels and
lipid-lowering treatment. Of the 2190 who were initially re-
cruited, 146 (6.7%) were excluded because of prevalent de-
mentia; 350 (16.1%), because of loss to follow-up; and 547
(25.2%), because of lack of data on lipid levels. The final ana-
lytic sample included 1130 individuals. The final sample was
younger than those excluded (eTable 1; http://www.archneurol
.com) and had more women than those lost to follow-up but
fewer women than those with no lipid level data, fewer His-
panic individuals than those with prevalent dementia, and more
white individuals than all excluded groups.

CLINICAL ASSESSMENTS

Data were available from medical, neurological, and neuropsy-
chological evaluations.*” All participants underwent a stan-
dardized neuropsychological test battery examining multiple
domains at all assessments using the Mini-Mental State Exami-
nation, the Boston Naming Test, the Controlled Word Asso-
ciation Test, category naming, the complex ideational mate-
rial and phrase repetition subtests from the Boston Diagnostic
Aphasia Evaluation, the Wechsler Adult Intelligence Scale—
Revised similarities subtest, the Mattis Dementia Rating Scale,
the Rosen Drawing Test, the Benton Visual Retention Test, the
multiple-choice version of the Benton Visual Retention Test,
and the Buschke Selective Reminding Test.*’

DIAGNOSIS OF DEMENTIA AND MCI

The diagnosis of dementia was established on the basis of all
available information gathered from the initial and follow-up
assessments and medical records. Dementia was diagnosed by
consensus of neurologists, psychiatrists, and neuropsycholo-
gists based on DSM-IV criteria.*® The diagnosis of AD was based
on the National Institute of Neurological Disorders and Stroke—
Alzheimer’s Disease and Related Disorders Association crite-
ria.*® A diagnosis of probable AD was made when the demen-
tia could not be explained by any other disorder. A diagnosis
of possible AD was made when the most likely cause of de-
mentia was AD, but there were other disorders that could con-
tribute to the dementia such as stroke and Parkinson disease.
Consistent with standard criteria® for all subtypes of MCI, those
considered for MCI were required to have (1) memory com-
plaint, (2) objective impairment in at least 1 cognitive domain
based on the average of the scores on the neuropsychological
measures within that domain and a 1.5-SD cutoff using nor-
mative corrections for age, years of education, ethnicity, and
sex, (3) essentially preserved activities of daily living, and (4)
no dementia. Our primary outcome was possible and prob-
able AD. Given that lipids are known cerebrovascular risk fac-
tors, we conducted secondary analyses with probable AD as the
outcome to try to separate cases of AD with a vascular compo-
nent. Persons with MCI were excluded from the analyses.

LIPID LEVELS AND
LIPID-LOWERING TREATMENT

Atbaseline, fasting plasma total cholesterol and triglyceride lev-
els were determined using standard techniques. The HDL-C lev-
els were determined after precipitation of apolipoprotein B—con-
taining lipoproteins with phosphotungstic acid. The LDL-C levels
were recalculated using the formula of Friedewald et al.*' Non—
HDL-C levels were calculated using the formula Non-HDL-C
Level=Total Cholesterol Level-HDL-C Level. We report both

LDL-C and non—-HDL-C levels because recent studies suggest that
the latter is a better predictor of outcomes.* Use of lipid-
lowering treatment was ascertained by self-report.

OTHER COVARIATES

APOE genotypes were determined as described by Hixson and
Vernier*” with slight modification. We classified persons as being
homozygous or heterozygous for the APOFEe4 allele or not hav-
ing any e4 allele. Type 2 diabetes mellitus and hypertension were
defined by self-report at baseline and at each follow-up interval
or by the use of disease-specific medications. Blood pressure mea-
surements were also considered in the definition of hyperten-
sion. Hypertension was defined as a systolic blood pressure higher
than 140 mm Hg or a diastolic blood pressure higher than 90
mm Hg.** Heart disease was defined as a history of arrhythmia,
myocardial infarction, congestive heart failure, or angina pec-
toris at any time during life. The body mass index was calcu-
lated as weight in kilograms divided by height in meters squared.

STATISTICAL METHODS

First, we evaluated plasma lipid levels, demographic distribu-
tions, and clinical characteristics at baseline. Then we used Cox
proportional hazard models to estimate the association of lipids
with incident probable and possible AD and probable AD only.
Plasma lipid levels were analyzed as a logarithmic-transformed
continuous variable and grouped into quartiles. The time-to-
event variable was duration of observation from baseline to de-
mentia or last evaluation. Data from individuals in whom de-
mentia or AD did not develop, who died, or who were lost to
follow-up owing to relocation before development of dementia
were censored at the time of their last evaluation.

After adjusting for sex and age, we additionally adjusted for
ethnic group, education, APOE genotype, diabetes, heart disease,
body mass index, hypertension, and lipid-lowering treatment.

B xesuits [

During 4469 person-years of follow-up, there were 101
cases of incident AD of which 89 cases were diagnosed as
having probable AD and 12 cases were diagnosed as hav-
ing possible AD. The general characteristics of the sample
are shown in Table 1. Compared with persons who did
not develop incident AD during follow-up, persons who
developed dementia were more often Hispanic and had a
higher prevalence of diabetes at baseline (Table 2).

The mean (SD) age at onset of probable and possible
AD was 82.9 (7.1) years and of probable AD, 83.1 (7.0)
years. Higher plasma levels of HDL-C were associated with
adecreased risk of both probable and possible AD and prob-
able AD in models adjusting for age, sex, education, eth-
nic group, and APOEe4 genotype but also in models
additionally adjusting for vascular risk factors and lipid-
lowering treatment (Table 3). This association was driven
by the highest HDL-C level quartile, suggesting a thresh-
old association.

Higher plasma total cholesterol, non—-HDL-C, and
LDL-C levels were associated with decreased risks of prob-
able and possible AD and probable AD in models adjust-
ing for age, sex, education, ethnic group, and APOEe4
genotype. However, these associations were slightly at-
tenuated and became nonsignificant after adjusting for
vascular risk factors or lipid-lowering treatment.
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Simultaneous inclusion of HDL-C and non-HDL-C lev-
els in the models, restriction of the analyses to persons with
longer follow-up time (observation time = the median fol-
low-up time of 4.2 years), or stratification by median of age,
ethnicity, or diabetes did not change these relations.

We conducted additional analyses relating lipid levels
to vascular dementia (eTable 2). We used a definition of
vascular dementia that included persons with possible AD
with stroke. These analyses were limited by a small num-
ber of cases of vascular dementia (n=16). The results were
not statistically significant. However, the hazard ratio for
the fourth quartile of HDL-C level suggested that higher
HDL-C level is also associated with a lower risk of vascu-
lar dementia (hazard ratio, 0.4; 95% confidence interval,
0.1-2.3) as expected, given the known association be-
tween high HDL-C levels and a lower risk of stroke.*

- TN

In this study, higher levels of HDL-C were associated with
a decreased risk of both probable and possible AD. These
results did not change when only probable AD was con-
sidered. In addition, higher levels of total cholesterol, non—
HDL-C, and LDL-C were associated with a decreased risk
of AD in analyses adjusting for age, sex, education, eth-
nic group, and APOEe4 genotype. However, when the
models were adjusted for vascular risk factors or lipid-
lowering treatment, these associations were slightly at-
tenuated and became nonsignificant.

Dyslipidemia, and particularly low HDL-C level,” is
a known risk factor for cerebrovascular disease, and treat-
ment with lipid-lowering medications can prevent stroke.*
Stroke is associated with higher AD risk.” Stroke may
interact with amyloid pathology in an additive way and
lower the amyloid burden necessary to precipitate de-
mentia.”” Low concentrations of HDL-C are known to be
independent risk factors for carotid artery atherosclero-
sis,™ which in turn may lead to cognitive impairment
through cerebral hypoperfusion, embolism, or disrup-
tion of white matter.* High-density lipoprotein choles-
terol might also be linked with small-vessel disease by
playing a role in the removal of excess cholesterol from
the brain by interaction with APOE and heparan sulfate
proteoglycans in the subendothelian space of cerebral mi-
crovessels.?! Thus, a low HDL-C level could precipitate
AD through a cerebrovascular pathway.

However, it is possible that dyslipidemia affects AD
through noncerebrovascular mechanisms. Levels of brain
cholesterol influence the clearance of amyloid and the for-
mation of neurofibrillary tangles through alteration of the
degradation of amyloid precursor protein.* Brain choles-
terol influences the clearance of amyloid and the forma-
tion of neurofibrillary tangles through action at the lipid
rafts located in neuronal membranes.*® However, these no-
tions seem to contradict studies demonstrating that brain
cholesterol is almost entirely synthesized in situ and not
transferred from the plasma into the brain.”® Dyslipid-
emia could also be a marker for other AD risk factors. Low
HDL-C levels accompany hyperinsulinemia,’*>* which in
turn was a strong risk factor for AD in our cohort,* and
may affect amyloid clearance in the brain.”

Table 1. Demographic and Clinical Characteristics
of the 1130 Individuals in the Study Population
Characteristic No. (%)?
Female 742 (65.7)
Age, y, mean (SD) 75.7 (6.3)
Education, y, mean (SD) 10.9 (4.7)
Ethnic group®
White/non-Hispanic 379 (33.5)
Black/non-Hispanic 346 (30.6)
Hispanic 385 (34.1)
APOE genotype e4/- or e4/e4 289 (25.6)
Total cholesterol level, mg/dL, mean (SD) 199.2 (38.2)
HDL-C level, mg/dL, mean (SD) 48.3 (14.6)
Non-HDL-C level, mg/dL, mean (SD) 150.9 (37.0)
Diabetes mellitus 185 (16.4)
Hypertension 672 (59.5)
Heart disease 213 (18.8)
Current smoking 106 (9.4)
Treatment with statins 264 (23.4)

Abbreviation: HDL-C, high-density lipoprotein cholesterol.

Sl conversion factors: To convert total cholesterol and HDL-C to
millimoles per liter, multiply by 0.0259.

2Some percentages are based on an incomplete sample because of small
amounts of missing data.

bClassified by self-report using the format of the 1990 US census.®

Table 2. Comparison of Characteristics Among Persons
With and Without Incident Late-Onset AD

No. (%)?
I Persons Persons
Without AD With AD

Characteristic (n=1029) (n=101)
Female 676 (65.7) 66 (65.3)
Age, y, mean (SD) 75.3 (6.1) 79.7 (6.9)
Education, y, mean (SD) 11.3 (4.5) 7.6 (4.9)
Ethnic group®

White/non-Hispanic 364 (35.4) 15 (14.0)¢

Black/non-Hispanic 316 (30.7) 30 (29.7)

Hispanic 331 (32.2) 54 (53.5)¢
APOE genotype e4/- or e4/e4 261 (25.4) 28 (27.7)
Total cholesterol level, mg/dL, mean ~ 200.5 (38.2)  185.9 (36.1)

(SD)
HDL-C level, mg/dL, mean (SD) 48.6 (14.6) 45.7 (13.5)
Non-HDL-C level, mg/dL, mean 151.9 (36.9)  140.2 (36.7)

(SD)
Diabetes mellitus 161 (15.6) 24 (23.8)°¢
Hypertension 608 (59.1) 64 (63.4)
Heart disease 193 (18.8) 20 (19.8)
Current smoking 97 (9.4) 9(8.9)
Treatment with statins 246 (23.9) 18 (17.8)

Abbreviations: AD, Alzheimer disease; HDL-C, high-density lipoprotein
cholesterol.

Sl conversion factors: To convert total cholesterol and HDL-C to
millimoles per liter, multiply by 0.0259.

2Some percentages are based on an incomplete sample because of small
amounts of missing data.

bClassified by self-report using the format of the 1990 US census.®

CStatistically significant at a P < .05 level vs control group.

Observational studies that have examined the asso-
ciation of plasma lipid levels with cognitive func-
tion,>1728303¢ animal studies,’””® and studies relating
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Table 3. HRs and 95% Cls Relating Quartiles of Plasma Lipid Levels With the Risk of Incident Probable and Possible AD
and Probable AD

No. (%) Model 12 Model 2P Model 3°

Lipid Level Quartile I T T T 0
(Range, mg/dL) At Risk Incident Dementia HR (95% CI) P Value HR (95% CI) PValue HR(95%Cl) P Value

Probable and possible AD
Total cholesterol

1(=173.00) 292 (25.8) 40 (13.7) 1 [Reference] 1 [Reference] 1 [Reference]

2 (173.01-197.00) 276 (24.4) 24 (8.7) 0.6 (0.4-1.0) .05 0.8 (0.5-1.3) .38 1.1 (0.6-1.9) .80

3(197.01-226.00) 290 (25.7) 23 (7.9) 0.6 (0.3-1.0) .03 0.7 (0.4-1.2) 16 0.8 (0.4-1.5) 51

4 (>226.00) 272 (24.1) 14 (5.1) 0.4 (0.2-0.7) .002 0.5(0.3-1.0) .05 0.8 (0.4-1.5) .46

P value for trend .001 .04 .33
HDL-C

1 (=38.00) 300 (26.5) 32 (31.7) 1 [Reference] 1 [Reference] 1 [Reference]

2 (38.01-46.00) 270 (23.9) 24 (23.8) 0.8 (0.4-1.3) .34 0.8 (0.5-1.5) .53 0.8 (0.4-1.5) .52

3 (46.01-56.00) 284 (25.1) 29 (28.7) 0.8 (0.4-1.3) 31 1.0 (0.6-1.8) .94 1.1(0.6-1.9) 77

4 (>56.00) 276 (24.4) 16 (15.8) 0.4 (0.2-0.7) .002 0.5(0.3-0.9) .04 0.4 (0.2-0.9) .03

P value for trend .004 .09 10
Non-HDL-C

1(=124.00) 289 (25.6) 40 (39.6) 1 [Reference] 1 [Reference] 1 [Reference]

2 (124.01-149.00) 281 (24.9) 24 (23.8) 0.7 (0.4-1.1) 1 0.8 (0.5-1.3) .30 0.8 (0.4-1.4) 43

3(149.01-175.00) 288 (25.5) 22 (21.8) 0.6 (0.4-1.0) .06 0.8 (0.462-1.3) .39 0.9 (0.5-1.7) .90

4 (>175.00) 272 (24.1) 15 (14.9) 0.5(0.2-0.8) .009 0.6 (0.299-1.0) .06 0.7 (0.4-1.3) .27

Pvalue for trend .006 .07 .39
LDL-C

1(=96.80) 285 (25.2) 36 (35.6) 1 [Reference] 1 [Reference] 1 [Reference]

2 (96.81-120.90) 280 (24.8) 26 (25.7) 0.8 (0.5-1.4) 44 1.1(0.6-1.8) .79 1.2 (0.6-2.0) .61

3(120.91-143.05) 283 (25.0) 19 (18.8) 0.5 (0.3-0.8) .009 0.6 (0.3-1.0) .06 0.6 (0.3-1.1) .09

4 (>143.06) 282 (25.0) 20 (19.8) 0.6 (0.3-0.9) .04 0.8 (0.5-1.4) 43 0.9 (0.5-1.7) .85

P value for trend .009 13 .34

Probable AD

Total cholesterol

1(=173.00) 292 (25.8) 39 (13.4) 1 [Reference] 1 [Reference] 1 [Reference]

2 (173.01-197.00) 276 (24.4) 20 (7.2) 0.5 (0.3-0.9) .02 0.7 (0.4-1.2) .23 0.9 (0.5-1.8) 91

3(197.01-226.00) 290 (25.7) 18 (6.2) 0.5 (0.3-0.8) .007 0.6 (0.3-0.9) .05 0.6 (0.3-1.2) 13

4 (>226.00) 272 (24.1) 12 (4.4) 0.3 (0.2-0.6) .001 0.5 (0.2-0.9) .04 0.7 (0.3-1.4) .32

P value for trend .001 .02 13
HDL-C

1(=38.00) 300 (26.5) 29 (32.6) 1 [Reference] 1 [Reference] 1 [Reference]

2 (38.01-46.00) 270 (23.9) 22 (24.7) 0.8 (0.4-1.4) .35 0.9 (0.5-1.5) .59 0.8 (0.4-1.6) 51

3 (46.01-56.00) 284 (25.1) 24 (27.0) 0.7 (0.4-1.2) 19 0.9 (0.5-1.7) .82 0.9 (0.5-1.9) .98

4 (>56.00) 276 (24.4) 14 (15.7) 0.3 (0.2-0.7) .002 0.5 (0.2-0.9) .04 0.4 (0.2-0.9) .03

P value for trend .002 .07 .06
Non-HDL-C

1(=124.00) 289 (25.6) 37 (41.6) 1 [Reference] 1 [Reference] 1 [Reference]

2 (124.01-149.00) 281 (24.9) 23 (25.8) 0.7 (0.4-1.2) .16 0.8 (0.5-1.4) 44 0.8 (0.5-1.6) .57

3(149.01-175.00) 288 (25.5) 16 (18.0) 0.5 (0.3-0.9) .01 0.7 (0.4-1.2) 16 0.8 (0.4-1.5) 43

4 (>175.00) 272 (24.1) 13 (14.6) 0.4 (0.2-0.8) .008 0.5(0.3-1.0) .07 0.7 (0.3-1.4) .26

P value for trend .002 .04 .23
LDL-C

1(=96.80) 285 (25.2) 33 (37.1) 1 [Reference] 1 [Reference] 1 [Reference]

2 (96.81-120.90) 280 (24.8) 24 (27.0) 0.8 (0.5-1.4) .53 1.2 (0.7-2.0) .61 1.2 (0.7-2.2) 49

3(120.91-143.05) 283 (25.0) 15 (16.9) 0.4 (0.2-0.8) .004 0.5 (0.3-0.9) .034 0.5 (0.2-0.9) .04

4 (>143.06) 282 (25.0) 17 (19.1) 0.5 (0.3-0.9) .03 0.8 (0.4-1.5) 44 0.9 (0.5-1.7) .73

P value for trend .005 .09 .20

Abbreviations: AD, Alzheimer disease; Cl, confidence interval; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; LDL-C, low-density lipoprotein
cholesterol.

Sl conversion factors: To convert total cholesterol, HDL-C, and LDL-C to millimoles per liter, multiply by 0.0259.

a\odel 1: adjusted for age and sex.

bModel 2: adjusted for age, sex, education, ethnic group, and APOFe4 genotype.

CModel 3: adjusted for age, sex, education, ethnic group, APOEe4 genotype, diabetes mellitus, hypertension, heart disease, body mass index, and lipid-lowering
treatment.

plasma lipid-lowering treatment to cognitive function- levels of total cholesterol and risk of AD,** but no asso-
ing®113%%60 have also been conflicting. We previously re- ciation of HDL-C, triglyceride, or LDL-C levels with AD,**
ported associations between high levels of LDL-C and de- amnestic or nonamnestic MCI,*® or cognitive test per-
creased levels of HDL-C and vascular dementia,** and low formance over time.** In the present study, higher levels

(REPRINTED) ARCH NEUROL/VOL 67 (NO. 12), DEC 2010 WWW.ARCHNEUROL.COM
1494
Downloaded from www.archneurol.com by JulesLevin, on December 20, 2010
©2010 American Medical Association. All rights reserved.


http://www.archneurol.com

of HDL-C were associated with a decreased risk of AD.
This association was characterized by a threshold effect
with a clear reduction in disease risk in persons in the
highest HDL-C level quartile (>56 mg/dL [to convert to
millimoles per liter, multiply by 0.0259]) even after ad-
justing for vascular risk factors and lipid-lowering treat-
ment. As mentioned earlier, in a previous study among
1168 participants who were recruited from the same com-
munity between 1992 and 1994, we observed no asso-
ciation between HDL-C level and AD.** The current re-
port is the first to report prospective analyses from the
cohort recruited in 1999 through 2001. The analyses by
Moroney et al** and Reitz et al,*> which focused on de-
mentia, the same outcome we focus on in the current ar-
ticle, both reported a modest inverse relationship be-
tween HDL-C level and AD risk in the 1992-1994 cohort,
although not statistically significant. The 7-year differ-
ence between the 1992-1994 cohort and the 1999-2001
cohort is important because period effects were likely to
influence the latter cohort. One significant period effect
is the widespread use of lipid-lowering medications in
the 1990s following the reporting of the landmark Scan-
dinavian Simvastatin Survival Study (4S) in 1994.% This
study sparked the widespread use of HMG-COA inhibi-
tors. The introduction of HMG-COA inhibitors and other
therapies is known to have influenced trends in cardio-
vascular morbidity and mortality in developed coun-
tries. We do not have data to directly address how secu-
lar trends in the 1990s affected differences between the
1992-1994 and 1999-2001 cohorts. However, it seems
reasonable to speculate that persons in their 60s who sur-
vived to 1992 were different compared with the same
demographic group in the 1990s. Compared with the
1992-1994 cohort,** the 1999-2001 cohort had a simi-
lar mean age (75.5 vs 75.9 years), higher mean years of
education (10.9 vs 8.8), a lower proportion of Hispanic
(34.19% vs 45.1%) and black (30.6% vs 32.9%) individu-
als, a higher proportion of non-Hispanic white individu-
als (33.5% vs 21.5%), higher mean HDL-C level (48.3
mg/dL vs 47.2 mg/dL), lower prevalence of current smok-
ing (9.4% vs 10.6%) and heart disease (18.8% vs 34.1%),
and a higher proportion of persons treated with lipid-
lowering treatment (23.4% vs 14.5%). With the excep-
tion of the ethnic differences, the differences in charac-
teristics are in line with the secular trends in better
cardiovascular health and use of lipid-lowering treat-
ment mentioned previously. We believe that that this is
why the inverse relation of HDL-C level with AD risk was
not statistically significant in the 1992-1994 cohort and
is significant in the 1999-2001 cohort.

The fact the association was present in analyses for
probable and possible AD and probable AD only sup-
port the notion that HDL-C levels are associated with AD
independently of stroke. However, we lacked informa-
tion on subclinical cerebrovascular disease in approxi-
mately 20% of persons without stroke. If plasma lipid lev-
els are associated with dementia associated with subclinical
cerebrovascular disease, our findings could underesti-
mate the relation of HDL-C level with AD associated with
stroke (“possible AD”).

An interesting and seemingly paradoxical observation
in our study is that both low non—-HDL-C and HDL-C lev-

els are associated with higher AD risk. Traditionally, high
non-HDL-C and low HDL-C levels are considered vascu-
lar risk factors and simultaneous components of the meta-
bolic syndrome in adults.®* However, HDL-C level may be
a stronger predictor of stroke* and vascular mortality®
in elderly individuals compared with other lipid mea-
sures. In this study, we extend this observation to AD.

We previously observed that higher total cholesterol
and non-HDL-C levels were related to a decreased risk of
AD after adjusting for age and sex, education, ethnic group,
and APOEe4 genotype. This is consistent with our previ-
ous observations showing relations between high total cho-
lesterol level and alower AD risk®? and consistent with other
studies demonstrating a protective effect of late-life total
cholesterol level on the risk of MCI or AD.?!*" It is pos-
sible that low total cholesterol and LDL-C levels are part
of a prodromal stage of AD. At this stage, patients show
alterations in the energetic profile as weight loss, re-
duced caloric intake, and increased energy require-
ment,** and low total cholesterol levels might reflect mal-
nutrition in subjects with prodromal AD. Also, lipid levels
decrease with aging and may not have the same signifi-
cance they have in middle age, implying the possibility
that studies with shorter follow-up or higher baseline age
lack the ability to detect a harmful effect. These notions
are consistent with findings by the Honolulu-Asia Ag-
ing Study, which observed in a study with 26 years of
follow-up that total cholesterol levels in men with de-
mentia at the end of follow-up declined at least 15 years
before the diagnosis and remained lower than total cho-
lesterol levels in men without dementia.® We tried to
eliminate these possibilities by repeating all analyses re-
stricted to persons with longer follow-up but this did not
change our results. Finally, it is possible that this asso-
ciation is due to survival bias.

This study has important strengths. It is a prospective
cohort study designed for the diagnosis of cognitive de-
cline that has complete clinical and neuropsychological
evaluation at each interval. Our study has sensitive mea-
sures of cognitive change in several specific domains, in-
cluding memory. In addition, we had the ability to diag-
nose dementia and cognitive impairment without dementia
at baseline, thus allowing us to follow up an unbiased
sample. A limitation of this study is that we used only one
measurement of lipid levels, which could have led to mea-
surement error due to intraperson variability. However,
this would have led to an underestimation of the associa-
tions between lipid levels and AD. An important consid-
eration in the interpretation of the results is that it was con-
ducted in an urban multiethnic elderly community with
a high prevalence of risk factors for mortality and demen-
tia. Thus, our results may not be generalizeable to co-
horts with younger individuals or to cohorts with partici-
pants with a lower morbidity burden.
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