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Abstract

Background: Studies of associations between serum lipids
and Alzheimer’s disease (AD) or other dementias in the el-
derly show conflicting results, perhaps due to misclassifica-
tion of the various dementias. Methods: For 358 nursing
home residents, serum lipids were studied at admission and
diagnoses established at autopsy. We used defined neuro-
pathological criteria to distinguish the presence of AD and
to avoid errors of clinical dementia assessment. Results:
Residents with any AD pathology, as compared to those
without AD pathology, had higher mean serum total choles-
terol (TC; 200.4 vs. 185.9 mg/dl; p = 0.02) and higher mean
low-density lipoprotein cholesterol (LDL; 124.5 vs. 111.5 mg/
dl; p=0.03). Further, mean TC, LDL and high-density lipopro-
tein cholesterol levels all increased progressively with in-
creasing pathological certainty of AD (p for trend = 0.001,
0.02 and 0.02). Conclusions: TC and LDL were significantly
related to pathologically defined AD. If serum lipids have a
rolein the pathogenesis of AD, interventions may modify the

course of disease. Copyright © 2009 S. Karger AG, Basel

Introduction

Several studies [1-4], including one from our group
[5], show that elderly people with Alzheimer’s disease
(AD) or with dementia or cognitive deficits have higher
serum total cholesterol (TC) or higher low-density lipo-
protein cholesterol (LDL) than sex- and age-matched
nondemented peers. Others fail to find such differences
[6-11], and still others find negative correlations of serum
lipid values with AD (or with all dementias) [12-14]. Sev-
eral reviewers advance limited explanations for these
varying results [15-17]. As Kivipelto and Solomon [15]
point out, the preponderance of prior reports is clinically
based and lacks the postmortem neuropathology critical
to establishing a trustworthy identification of dementing
processes and distinction among dementia types.

We report on lipid-AD associations for those residents
in a large nursing home who came to autopsy over a 20-
year period, using defined neuropathological methods to
identify the presence/absence of a dementing process and
to distinguish AD. An estimated 4.5 million people in the
USA have chronic dementia, some 30% of whom reside
in a nursing home and comprise the frailest, most cogni-
tively impaired and costliest segment of the geriatric pop-
ulation.
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Methods

Subjects and Procedures

Our study involved residents of the Jewish Home and Hospi-
tal, a large nursing home affiliated with the Mount Sinai School
of Medicine; it was approved by their respective Institutional Re-
view Boards. From July 1, 1986, to June 6, 2006, permission was
granted for autopsy of 456 residents. Personal and demographic
information and pertinent medical data were abstracted from
medical records. Fasting TC or a more extensive serum lipid pro-
file was sampled at admission; as high-density lipoprotein (HDL)
and triglyceride analyses were not carried out in the first years of
the study, the earliest subjects have only TC values. Methods for
the lipid analyses were stable throughout the study and have been
previously described [18-20]. Admission TC values were available
for 367 autopsied residents, and fuller admission lipid panel val-
ues (including HDL and derived LDL) were available for 299 of
these residents. Three residents were autopsied elsewhere than at
our pathology laboratory, and for 6 additional residents other in-
formation used in the analyses for tables 1 and 2 was not found.
The remaining 358 residents with full information as to apolipo-
protein E (ApoE) genotyping, TC values, age at admission, age at
death, race, sex and neuropathological data were the subjects of
our analyses; 292 of these 358 residents also had information on
LDL and HDL values.

Neuropathological Assessment

Neuropathological studies were carried out for the extent of
AD-related lesions and diagnosis of AD at the neuropathology
laboratory serving the Mount Sinai Alzheimer’s Disease Brain
Bank. They were performed in all cases by two neuropathologists
(D.P.P. and Dr. Daniel Perl) who were blinded to clinical informa-
tion and ApoE genotype status. The neuropathological examina-
tion has been previously described [21] and was in accordance
with the Consortium to Establish a Registry for Alzheimer’s Dis-
ease (CERAD) protocol [22]. Briefly, histological evaluation was
performed for senile plaques on postmortem brain tissue blocks
from 5 areas of the neocortex (middle frontal gyrus, orbital fron-
tal cortex, superior temporal gyrus, inferior parietal lobule and
calcarine cortex) and from additional areas of the hippocampus
and adjacent entorhinal cortex, amygdala and brain stem. (Neu-
rofibrillary tangles and vascular amyloid deposits were also as-
sessed following the CERAD protocol but were not considered in
the determination of diagnoses, and those data are not presented
here.) The plaque densities were graded as absent, sparse, moder-
ate and frequent (severe). Diagnoses of AD and related diseases
were made according to the CERAD diagnostic criteria. The
CERAD-based grouping for certainty of AD was made according
to age-weighted density of neocortical plaques as: absence of any
pathological dementing process (normal brain), possible AD,
probable AD and definite AD. For the correlative assessment of
dementing processes with lipid profiles, we grouped diagnoses as:
normal brain; absence of AD but presence of pathological criteria
for any other dementing process (dementia/non-AD); presence of
AD diagnosis only, and presence of AD with additional patho-
logical diagnosis of any other dementing process (AD plus). For
example, cases with documented AD pathology that also showed
more than rare, incidental neocortical Lewy bodies or that exhib-
ited vascular lesions noted to contribute to dementia [23] were
included in the AD plus group. We employed CERAD-recom-
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mended histological stains: hematoxylin and eosin; modified
Bielschowsky’s, and thioflavin-S for plaques, neurofibrillary tan-
gles and vascular amyloid deposits.

ApoE Genotyping

Frozen brain specimens from each resident were studied for
ApoE genotype [24]. Those conducting the neuropathological ex-
aminations, those conducting the ApoE genotyping and those
collecting premortem clinical data were blinded to each others’
information.

Statistical Analyses

Serum lipid values and age at admission had approximately
normal distributions. Although length of stay was skewed, it was
not transformed since it was not included as a covariate. Group
differences for demographic variables based upon presence or ab-
sence of AD neuropathology and presence or absence of non-AD
dementing neuropathology were assessed by two-way analysis of
variance. For serum lipid measures, similar 2-way analysis of co-
variance (ANCOVA) was performed controlling, a priori, for age
at admission, race, sex, current use of a cholesterol-modifying
agent at admission and presence of an ApoE &4 allele. The lipid
means noted in tables 1 and 2 were adjusted for these same covari-
ates. One-way ANCOVA was performed separately for those with
and without non-AD dementing pathology, using the same co-
variates. We also compared lipid variables for the 4 levels of diag-
nostic certainty for AD, as defined by CERAD criteria: normal
brain, possible AD, probable AD and definite AD. The linearity
of the association with diagnostic certainty was tested by stepwise
linear regression, entering the covariates and then the diagnostic
certainty. For each ANCOVA, we tested whether the groups dif-
fered in their relationships of each covariate with the lipid vari-
able. Race was not used as a covariate in the 2-way ANCOVA for
LDL since there was significant heterogeneity. In all other cases,
the interaction of the covariate was not significant. Absence of an
interaction also implies that associations of the independent and
dependent variables were similar across the levels of the covari-
ate.

Results

Of the 358 residents for whom all of the information
in tables 1 and 2 was available, 55 had normal brain at
autopsy, 64 evidenced pathology of one or more demen-
tia-related conditions but no evidence for AD (dementia/
non-AD), and 239 met CERAD criteria for diagnosis of
AD: 105 for definite AD, 92 for probable AD and 42 for
possible AD. Similar to most large studies, an important
proportion (here about half) of the 239 residents with a
diagnosis of AD also had pathology of one or more ad-
ditional dementing conditions (AD plus; table 1). The ex-
tent to which the additional neuropathology contributed
to clinical manifestations in individual subjects is not
known.
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Table 1. Relationships of admission characteristics with dementing neuropathologies

Risk factor

Normal brain

2

3

Dementia/non-AD  AD plus AD only p p p
Age at admission, years 78.5 (1.1) 79.4 (1.0) 84.6 (0.7) 85.2 (0.7) <0.000 0.88 0.39
Age at death, years 82.2 (1.1) 82.8 (1.0) 88.2 (0.7) 89.7 (0.7) <0.000 064 025
Length of stay, years 3.69 (0.52) 3.40 (0.48) 3.49 (0.35) 4.45 (0.35) 0.32 0.15 0.43
Caucasian, % 76.4 75.0 83.6 87.2 0.08 0.86 0.71
Female, % 60.0 64.1 79.5 79.5 0.008 0.65 0.73
ApoE &4, %% 16.4 12.5 35.2 37.6 0.006 0.55 0.72
TC?, mg/dl 180.4 (7.2) 190.6 (6.7) 196.5 (4.7) 204.4 (4.9) 0.02 0.84 0.12
Number 55 64 122 117
LDL cholesterol®, mg/dl 108.6 (6.7) 114.2 (6.2) 122.5 (4.4) 126.8 (4.7) 0.03 0.90 0.36
Number 48 52 102 90
HDL cholesterol®, mg/dl 423 (2.1) 43.5 (1.9) 445 (1.4) 46.9 (1.5) 0.14 073 029
Number 48 52 102 90
TC/HDL® 4.46 (0.27) 4.56 (0.25) 4.70 (0.18) 4.44 (0.19) 0.81 0.42 0.72

Normal brain = At autopsy, no pathological evidence for any dementing process; dementia/non-AD = at autopsy, pathological
evidence for some dementing process, but absent CERAD criteria for AD; AD plus = at autopsy, pathological evidence for AD plus a
coexisting dementing process; AD only = at autopsy, pathological evidence for AD (CERAD criteria), without a coexisting dementing
process; CERAD = Consortium to Establish a Registry for Alzheimer’s Disease. All demographic values are means, with standard er-
rors of the mean in parentheses. Number for each subgroup is the number for those individuals with TC values available.

!'p for presence of AD neuropathology.

2 p for presence of a dementing neuropathological process other than AD.

3 p for interaction of AD neuropathology with a dementing neuropathological process other than AD.

4 Percent of residents in subgroup with at least 1 ApoE &4 allele.

> Alllipid values adjusted for age at admission, race, sex, use of a cholesterol-modifying agent at admission and presence of an ApoE
e4 allele; for LDL only, not adjusted for race.

6 Total cholesterol/HDL cholesterol. Subject numbers are the same as for HDL cholesterol.

Table 2. Association of neuropathological certainty of AD with serum lipids

Risk factor Normal brain Possible AD only Probable AD only  Definite AD only p'

Total cholesterol?, mg/dl 179.2 (7.2) 184.3 (12.5) 201.4 (8.2) 212.0 (6.4) 0.001
Number 55 16 39 62

LDL cholesterol?, mg/dl 107.5 (6.8) 114.7 (12.1) 126.9 (7.5) 129.8 (6.9) 0.02
Number 48 13 36 41

HDL cholesterol?, mg/dl 41.6 (2.1) 43.6 (3.6) 46.7 (2.3) 48.3 (2.1) 0.02
Number 48 13 36 41

TC/HDL3? 4.50 (0.22) 4.29 (0.39) 4.48 (0.24) 4.43(0.22) 0.90

ApoE &4, %* 16.4 25.0 359 41.9 0.002

Age at admission, years 78.5(1.1) 84.2 (2.0) 87.0 (1.3) 84.4 (1.0) <0.001

Age at death, years 82.2 (1.1) 88.0 (2.1) 91.3 (1.4) 89.1 (1.1) <0.001

Each category defines those residents who, at autopsy, had CERAD criteria for possible, probable or definite AD, respectively, but
without any coexisting dementing process. All demographic values are means, with standard errors of the mean in parentheses. Num-
ber for each subgroup is the number for those individuals with TC values available.

!'p is for linear relationship to increasing certainty of AD neuropathology.

2 All lipid values adjusted for age at admission, race, sex and presence of an ApoE &4 allele.

3 Total cholesterol/HDL cholesterol. Subject numbers are the same as for HDL cholesterol.

4 Percent in subgroup with an ApoE &4 allele.
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Of these 358 residents, the average age at admission
was 82.9 £ 8.8 years, the median 83 years. The average
age at death was 86.8 * 9.2 years, the median 87, with a
range of 49-107 years (table 1). Twenty-one percent of
subjects were <80 years of age at death.

The frequency of ApoE genotypes was: £2/2, 1%;
e2/€3, 12%; €2/e4, 2%:; €3/€3, 57%; €3/4, 25%, and €4/e4,
3%. This distribution of genotypes was quite similar to a
large population-based sample of individuals >65 years
old from two counties in Iowa [25]. For residents with any
AD diagnosis, 36.4% had an &4 allele; for those with nor-
mal brains, the proportion was 16.4%. The presence of
non-AD dementing pathology was not associated with an
increased frequency of an €4 allele (table 1). The frequen-
cy of having an &4 allele increased progressively and sig-
nificantly with increasing certainty of AD diagnosis (ta-
ble 2). Twenty-two of the 358 residents were using a statin
or other lipid-modifying agent at admission, and all ad-
mission serum lipid values were adjusted for such use.
This adjustment led to only trivial changes of the results.

TC at admission (mean * SEM) for those residents
with normal brain at autopsy was 180.4 = 7.2 mg/dl, for
those with dementia/non-AD 190.6 * 6.7 mg/dl and for
those with any diagnosis of AD 200.4 £ 3.4 mg/dl (ta-
ble 1). Analysis by 2-way ANCOVA showed a difference
of TC for the presence of AD (p = 0.02), but no significant
difference for the presence of non-AD neuropathological
lesions and no significant interaction of AD neuropathol-
ogy with other than AD dementing neuropathology. All
TC, LDL and HDL means were adjusted for covariates as
noted.

Similarly, mean LDL at admission for those with nor-
mal brain, dementia/non-AD, AD plus and AD only
showed the same group-related directional differences as
those noted for TC. Again, there was a significant differ-
ence of LDL values for the presence of AD, but no sig-
nificant differences for the presence of other than AD
neuropathological lesions or for the interaction of AD
with other than AD pathology (table 1). No significant
differences of HDL were noted for these comparisons.
Analyses of TC and LDL serum values by quartiles did
not indicate threshold effects for any of the neuropatho-
logical categories.

To examine whether the level of pathological certainty
of AD diagnoses was related to lipid values, residents with
AD only (uncomplicated AD pathology) were further cat-
egorized, using CERAD criteria, as: possible AD only,
probable AD only and definite AD only. Mean TC showed
progressive increase as the extent of AD pathology in-
creased from normal brain to possible AD only to probable
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AD only to definite AD only, with p for trend = 0.001 (ta-
ble 2). Similarly, mean group LDL values increased with
pathological certainty of AD, with p for trend = 0.02. The
group means for HDL also increased progressively with
greater certainty of AD pathology, with p for trend = 0.02
(table 2). This significant trend of mean HDL - from nor-
mal brain to possible AD only to probable AD only to def-
inite AD only — was the sole result that suggested an asso-
ciation of HDL with AD. Of interest, the clinically useful
TC/HDL ratio showed almost no variation for any of the 4
neuropathological categories (table 1) or for the different
levels of CERAD-based certainty of AD (table 2).

‘Health markers” at admission were generally similar
for residents without AD compared to those with AD.
Body weights of all non-AD versus AD residents, respec-
tively, averaged 57.47 versus 56.38 kg (p = 0.56) and, 6
months after admission, 57.70 versus 57.33 kg (p = 0.85).
(Weights were corrected for age and sex; height is diffi-
cult to measure with accuracy in a nursing home popula-
tion; and of note, BMI is untrustworthy in the elderly, as
there are important and interindividually variable losses
of both lean body mass and height [26].) Other admission
health markers were: hematocrit, 35.0 versus 35.7% (p =
0.39); serum albumin, 3.31 versus 3.50 g/dl (p = 0.02), and
serum creatinine, 1.16 versus 1.13 g/dl (p = 0.76). Exclud-
ing all dementia diagnoses, the mean number of comor-
bidities at admission was 5.1 for non-AD versus 4.6 for all
AD residents (p = 0.13). There was a slightly longer but
nonsignificant length of stay for the AD residents (ta-
ble 1). To exclude residents who were particularly frail/
sick at admission (and likely to have a shorter life expec-
tancy), we repeated the statistical analyses presented in
tables 1 and 2 excluding those who died within 1, 3, 6 or
12 months after admission. For each of these postadmis-
sion exclusion periods, there were only small differences
from the results in these tables, and all significant find-
ings remained significant.

Discussion

Within a large cohort of nursing home residents, we
found consistent relationships between TC and LDL at
admission and CERAD-based findings of AD later at au-
topsy (tables 1, 2). No significant associations were found
between serum lipids and non-AD dementing pathology.
Also, there were no significant associations between HDL
and AD, except for the single significant finding of pro-
gressively higher serum HDL with progressive patholog-
ical certainty of AD diagnosis (table 2). These lipid-AD
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associations were independent of the presence of ApoE g4
and of other known risk factors, and were strongest in
those residents with ‘pure’, uncomplicated AD (AD only,
table 1) and in those with the greatest pathologically
based certainty of AD diagnosis (definite AD, table 2).

While several investigators similarly report that high-
er TC or LDL is associated with AD specifically (or with
all dementias, or with cognitive decline) [1-5], our find-
ings appear to be at odds with a number of other prior
studies of lipid-AD (or lipid-dementia) associations in the
elderly. Many report that older people with a clinical di-
agnosis of AD or dementia have similar [6-8, 11, 27, 28],
or sometimes lower [12-14], mean TC or LDL compared
with a matched, but nondemented, population. Several
reviewers suggest that an observed acceleration of the
age-associated fall of serum lipids in those who eventu-
ally develop dementia might explain some of the varia-
tion in results [15-17]. However, such a trend does not
explain our observations that those with AD pathology
had significantly higher TC and LDL values than the con-
trol population at very late ages.

Some variations of results might be anticipated due to
population differences. Almost without exception, prior
investigations compare community-based demented
people with age-matched control populations, while the
present cohort consisted solely of nursing home residents
who were admitted for varying combinations of chronic
disease or dementia and differed from those of most cited
studies as to age, average serum lipid values, and preva-
lence and severity of cognitive impairment and frailty.
Several of these differences could have altered expres-
sions of disease, but it is not evident how such alterations
might have affected the relationships we have noted for
AD neuropathology specifically with TC and LDL.

The comparatively higher TC and LDL in those with
AD pathology might be explained if those with normal
brain and those with dementia/non-AD had entered with
greater comorbidities and resulting hypolipidemia. How-
ever, in the present instance, there is little support for this
hypothesis (see Results). The present findings are consis-
tent with those of Buchman et al. [29], who note a clear
association of several measures of physical frailty specif-
ically with the neuropathology of AD, but not with that
of other dementing conditions. In addition, greater co-
morbidities for those without AD could not explain the
finding within the AD only cohort of significant, pro-
gressively higher TC, LDL and HDL with increasing neu-
ropathological certainty of AD diagnosis (table 2).

Probably the most important methodological differ-
ence between the current and earlier studies was the abil-
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ity to distinguish AD from other dementing processes
using standardized, defined neuropathological methods.
Only very few prior lipid/AD studies use pathological in-
formation to identify the presence of AD and other de-
menting processes [4, 5, 30, 31]. The findings of Kuo et al.
[4] and of our earlier study [5] are both similar to the pres-
ent results, and Pappolla et al. [31] note an association of
TC with brain amyloid in a very small AD cohort. Laun-
er et al. [30] report significant relationships of cortical
and hippocampal neuropathological markers of AD only
with late-life serum HDL in community-based, Japanese-
American men. In addition to the cohort characteristics
and a much smaller proportion of demented subjects,
there are other important differences in the study design,
procedures and statistical methods of Launer et al. [30]
that could result in outcomes different from ours. Aside
from these few reports, the preponderance of studies uti-
lizes clinical and psychometric instruments only. There
is a known potential for appreciable variability in the
clinical (intertest) estimation of dementia prevalence
within a population [32-34] and also for discrepancy in
the clinical-pathological correlation for the presence of a
dementing process [35-38]. In addition, clinical observa-
tion and available clinical tools often fail to distinguish
the various dementing processes from one another [35,
39-44]. If defined pathological criteria are accepted as
the ‘gold standard’ for diagnosis, the clinical assignment
of subjects as demented (vs. not demented), and of de-
mented subjects as ‘AD’ or ‘vascular dementia’ or ‘other
dementia’, has the potential for grouping errors. True dif-
ferences of TC or LDL between designated subgroups
could have been masked if the subgroups included sub-
jects improperly defined as to dementia type or as to the
presence/absence of dementia. The fidelity of the neuro-
pathologically based diagnostic procedures employed in
this study should have enabled a more accurate definition
of the presence of a dementing process and a clearer dis-
tinction of AD from other dementing conditions, thus
minimizing such misclassifications. The differences be-
tween our observations and those of clinically based lip-
id-dementia studies, as well as the variability among the
clinicallybased studies, maybe atleast partially explained
by the difficulties in defining accurately the ‘dementia
mix” within each cohort.

Several limitations of this study should be addressed.
The time interval from lipid measurements at admission
to the time of death varied widely within the cohort.
However, the mean lengths of stay among the subgroups
being compared in table 1 or table 2 did not differ sig-
nificantly. Also, recalculation of results excluding those
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who died before 1, 3, 6 or 12 months did not alter signifi-
cances of the lipid-AD findings. Autopsy permission was
routinely requested and was granted for about 10% of all
deaths. Families of demented residents, compared to the
nondemented, might have been more likely to consent to
postmortem examination. However, this did probably
not affect autopsy rates for those with AD compared to
those with other dementias (dementia/non-AD) nor for
the subgroup of those with normal brain who were nev-
ertheless clinically demented. As with other neuropatho-
logically based studies, it is not evident whether any such
bias might have affected our analyses. Given the absence
of preadmission measurements of serum lipids and the
poor reliability of family/caretaker estimates of dementia
duration, the temporal relationships of elevated TC and
LDL levels with the onset or prior course of AD cannot
be derived from the current information. The present
findings should be generalized with caution, since nurs-
ing home populations differ in several respects from
community-based populations of similar ages.

Our results document significant relationships of se-
rum TC and LDL to AD as defined by neuropathological
criteria, as well as direct, significant relationships of TC,
LDL and HDL with increasing CERAD-defined patho-
logical certainty of AD. However, relationships per se
cannot establish a role of these serum lipoproteins in the
pathogenesis of AD. There are many genes associated
with AD that also relate to peripheral and brain choles-
terol and to lipoprotein homeostasis [45]. A number of
mechanisms have been proposed for the involvement of
cholesterol homeostasis in the development of AD [45-
51]. Although serum TC, LDL and HDL do not normally
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