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Abstract
Objective—To examine the association of plasma lipid levels to changes in cognitive function in
the elderly without dementia.

Methods—We examined changes in performance in tests of memory, visuospatial/cognitive and
language abilities in 1147 elderly individuals without dementia or cognitive impairment at baseline
followed for seven years using generalized estimating equations.

Results—Performance in all cognitive domains declined significantly over time, while there was
no association between levels of any plasma lipid or lipid lowering treatment and memory, cognitive/
visuospatial or language performance at any interval. Higher age at baseline was related to lower
scores in all three domains at each interval, while higher education and Caucasian ethnicity were
associated with higher scores in all domains. Analyses relating plasma lipids to performance in color
trails tests using proportional hazards regression showed no association.

In subsequent analyses excluding subjects with incident dementia, memory performance declined
over time, while cognitive/visuospatial and language performance did not. Higher plasma HDL and
total cholesterol were associated with higher scores in language performance at baseline; this domain
declined faster among individuals with higher total cholesterol, but this result was not significant
after taking multiple comparisons into account. Plasma triglycerides, LDL, or treatment with lipid
lowering agents were not associated to changes in cognitive performance.

Conclusions—Plasma lipid levels or treatment with lipid lowering agents in the elderly were not
associated with changes in cognitive function.
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INTRODUCTION
Dyslipidemia and dementia are among the most common diseases in western societies. About
1 percent of people aged 65–69 years develop dementia, and the prevalence increases to more
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than 60 percent for people over the age of 95 (1). More than 50 percent of the US population
age 20 years or older suffer from cholesterol 200 mg/dl or higher, and more than 18 percent
show cholesterol levels equal to or over 240 mg/dl (2). There is conflicting data showing that
dyslipidemia, a modifiable risk factor, is associated with a higher risk of cognitive impairment
or dementia. Reduced high-density lipoprotein cholesterol (HDL-C) (3–9) and apolipoprotein
A-1 levels (3), as well as increased levels of lipoprotein (a) (5) have been observed in dementia
in some but not all studies. There also have been contradictory results in studies relating total
cholesterol (10,11) and low-density lipoprotein cholesterol (LDL-C) (6,8,11) to dementia.

Interest in these relationships has been increased by the observation that the use of widely
available lipid lowering agents, HMG-COA-reductase-inhibitors (statins), may be associated
with a lower risk of dementia (12). In addition, cholesterol alters the degradation of the amyloid
precursor protein (APP), which plays a major role in the pathogenesis of Alzheimer’s disease
(AD) (13). Moreover, vascular disease, which is associated with dyslipidemia, may be related
to the risk of cognitive decline (14,15) and dementia. We previously reported an association
between high levels of total and LDL-C and vascular dementia (16), but no association between
LDL-C and AD.

Our objective in this study was to examine the association between plasma lipid levels in the
elderly and decline in memory and other cognitive functions.

METHODS
Subjects and Setting

Participants were enrolled in a longitudinal cohort study by a random sampling of Medicare
recipients 65 years or older residing in northern Manhattan (Washington Heights, Hamilton
Heights, Inwood). The sampling procedures have been described elsewhere (17). Each
participant underwent an in-person interview of general health and function at the time of study
entry followed by a standard assessment, including medical history, physical and neurological
examination as well as a neuropsychological battery (18). Baseline data were collected from
1992 through 1994. Follow-up data were collected during evaluations at sequential intervals
of approximately 18 months, performed from 1994 to 1996, 1996 to 1997, and 1997 to 1999.
In this elderly population, some participants did not complete follow up at all intervals due to
refusal to participate further, relocation or death. About one half of participants were evaluated
at the third follow-up visit. This study was approved by the institutional review board of the
Columbia-Presbyterian Medical Center.

The sample for this study were individuals with lipid levels obtained at the first follow-up
interval, without dementia or cognitive impairment at baseline and the first interval, and with
complete neuropsychological information in at least 3 follow-up intervals. Of the 2126
individuals who underwent clinical assessment at baseline, 327 individuals were excluded due
to dementia at baseline. Plasma lipids were unavailable in 140 cases, and at first follow-up visit
94 subjects were excluded due to prevalent dementia, 104 subjects due to cognitive impairment
without dementia (Clinical Dementia Rating Scale Score of 0.5) (19), and 141 subjects were
dead, 117 refused to participate further and 56 were relocated (Figure 1).

Thus we restricted the sample for these analyses to 1147 individuals without dementia (AD or
other forms), and without cognitive impairment without dementia, stroke, Parkinson’s disease
or other major neurological disorders at baseline or first follow-up interval. Subjects who
developed cognitive impairment or dementia after the first follow-up visit were included in the
main analyses.
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Clinical assessments
Data included medical, neurological, and neuropsychological evaluations (18,20). All
participants underwent a standardized neuropsychological test battery that examined multiple
domains in either English or Spanish (21). Orientation was evaluated using parts of the
modified Mini-Mental State Examination (22). Language was assessed using the Boston
Naming Test (23), the Controlled Word Association Test (24), category naming, and the
Complex Ideational Material and Phrase Repetition subtests from the Boston Diagnostic
Aphasia Evaluation (25). Abstract Reasoning was evaluated using WAIS-R Similarities subtest
(26), and the non-verbal Identities and Oddities subtest of the Mattis Dementia Rating Scale
(27). Visuospatial ability was examined using the Rosen Drawing Test (28), and a matching
version of the Benton Visual Retention Test (29). Memory was evaluated using the multiple
choice version of the Benton Visual Retention Test (29) and the seven subtests of the Selective
Reminding Test (30): total recall, long-term recall, long-term storage, continuous long-term
storage, words recalled on last trial, delayed recall, and delayed recognition. This
neuropsychological test battery has established norms for the same community (31). Results
from the neurological, psychiatric and neuropsychological examinations were reviewed in a
consensus conference comprised of physicians, neurologists, neuropsychologists and
psychiatrists. Based on this review all participants were assigned to one of three categories:
normal cognitive function, cognitive impairment without dementia, or dementia. Dementia
was defined by DSM-IV criteria (32) and required cognitive impairment in several domains
and functional impairment (Clinical Dementia Rating (CDR)≥1) (19). Cognitive impairment
without dementia was diagnosed in participants who had abnormal results in cognitive tests,
but had no significant cognitive impairment (CDR=0.5). Color trails were available only in the
1999 follow-up. Thus, analyses with the color trails were conducted separately only in
individuals who were in the study beyond 1999 and had information on color trails (n=453).
The color trails were not part of the calculated cognitive scores and were dichotomized for
prospective analyses.

Plasma Lipids and APOE Genotyping
Fasting plasma total cholesterol and triglyceride levels were determined at the first follow-up
interval using standard enzymatic techniques. HDL-C levels were determined after
precipitation of apolipoprotein B containing lipoproteins with phosphotungstic acid (33). LDL-
C was recalculated using the formula of Friedewald et al. (34). APOE genotypes were
determined as described by Hixson and Vernier (35) with slight modification (36). We
classified persons as homozygeous or heterozygeous for the APOE ε4 allele or not having any
ε4 allele.

Statistical Methods
A factor analysis was performed using data from all visits of the analytic sample with the 15
neuropsychological measures using a principal component analysis with varimax rotation and
Kaiser normalization (37). This analysis resulted in three factors: 1) a memory factor, in which
the seven subtests of the Selective Reminding Test were the main contributors; 2) a
visuospatial/cognitive factor, where visuospatial and tests of reasoning were the main
contributors; and 3) a language factor, in which language measures from the Boston Naming
Test (23), Controlled Oral Word Association Test (24), and the WAIS-R Similarities (26) were
the main contributors. We calculated cognitive scores for each participant at each visit by
adding the scores of the measures that contributed most to each factor (tests with correlations
of 0.5 or higher). Each factor score was normally distributed. These factors remained stable
when we excluded subjects who developed dementia during follow-up, and were reproducible
at baseline and at each follow-up interval.
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Analysis of prospective change in the memory score was performed by applying generalized
estimating equations (GEE) (38) with repeated measures. This statistical method takes into
account the multiple observations per subject which are likely to be correlated, and treats them
as clusters. The dependent variables were the calculated cognitive scores, and the independent
variables were plasma lipid levels of total cholesterol, HDL-C, triglycerides and LDL-C, time
(included as a continuous variable), and the interaction of plasma lipids and time. Plasma lipid
levels were examined first dichotomized by the median and in subsequent models using the
accepted limits of normal as cutoff points (240 mg/dl for total cholesterol, 40 mg/dl for HDL-
C, 200 mg/dl for triglycerides and 160 mg/dl for LDL-C)(2). Gender, age, education and ethnic
group were included as covariates in subsequent analyses. Because the distribution of HDL-C
and triglycerides was skewed, logarithmic transformation of these data was carried out before
statistical tests were performed.

The GEE analysis yields coefficient values which represent the associations between a factor
score and variables included in the model. There were three main coefficients of interest in
each model: one comparing the lipid groups at baseline, one relating the change in cognitive
scores with time, and an interaction term for time and lipid group. A significant p value for the
coefficient comparing lipids at baseline indicates a difference between two groups at baseline.
A significant p value for the coefficient of time indicates a statistically significant change in a
cognitive score over the total duration of follow-up. A significant p value for the interaction
coefficient indicates a difference in the rate of change in a factor score depending on the plasma
lipid level; this is the main variable of interest for the interpretation of the analyses.

We also conducted analyses restricted to the subjects with data on color trails. We dichotomized
the color trails time by the 75th percentile, and conducted proportional hazards models relating
plasma lipid levels with poor performance in color trails, adjusting for gender and age, baseline
cognitive scores, and other variables. The time-to-event variable was age-at-onset of low
performance in color trails. Information on covariates was obtained at baseline. Data analysis
was performed using SPSS version 12.0.

RESULTS
The mean age was 76.3 years, and 68.4% of the study population were women, 46.3% were
Hispanic, 20.8% were White, and 32.3% were Black (Table 1). The mean of years of education
was 8.6, and 27.5% were homozygous or heterozygous for the APOE-ε4 allele. The mean level
of total cholesterol was 203.1, of HDL-C 47.1, of triglycerides 185.2 and of LDL-C 118.9 mg/
dl. The mean body mass index was 27.1, and 15.8% of the subjects reported having diabetes,
50.3% hypertension and 14.7% heart disease. Use of lipid lowering agents was reported by 59
subjects (5.1%). There were 7217 person-years of follow-up, and the mean duration of follow-
up was 5.6 ± 2.3 years. Women had higher levels of total cholesterol, HDL, triglycerides and
LDL than men (Table 2). Hispanics had lower levels of total cholesterol, HDL and LDL, and
higher levels of triglycerides than Whites and Blacks.

In the GEE analysis performance in all cognitive domains declined significantly over time,
while there was no association between levels of any plasma lipid or lipid lowering treatment
and memory, cognitive/visuospatial or language performance at any interval (Table 3, Table
4 and Table 5). These results remained unchanged when not the median but accepted limits of
normal were used as cutoff points for plasma lipid levels, or when analyses were stratified by
APOEε4 genotype or ethnic group. Higher age at baseline was related to lower scores in all
three domains at each interval, while higher education and Caucasian ethnicity were associated
with higher scores in all domains.
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Cox proportional hazards analysis relating plasma lipid levels and the incidence of low
performance in color trail tasks also showed no association (total cholesterol: HR 1.0, 95% CI
0.9–1.1; HDL-C: HR 0.9, 95% CI 0.9–1.1, triglycerides: 1.1, 95% CI 0.9–1.0; LDL-C: HR
1.0, 95% CI 0.9–1.0).

In subsequent analyses we excluded subjects who developed dementia during follow-up
(n=198). While memory performance declined significantly over time, cognitive/visuospatial
and language performance did not change. There was no association between plasma levels of
triglycerides or LDL and performance on any of the three cognitive factors at any time interval.
While increased levels of total cholesterol and HDL-C were associated with higher scores in
language performance, there was a statistically significant total cholesterol*time (duration of
follow-up) interaction indicating that language performance declined at a faster rate among
individuals with higher total cholesterol levels compared to subjects with lower level. This
association remained significant after adjusting for age, gender, ethnic group, education and
APOE allele. However, this association was not significant considering Bonferroni correction
for multiple comparisons (39). There was no similar relationship between total
cholesterol*time effect and memory or visuospatial/cognitive factors. However, scores of both
factors were normally distributed at each time interval indicating that the lack of a total
cholesterol*time interaction was not the result of a ceiling or floor effect. Treatment with lipid
lowering agents was not associated with better scores on any of the three cognitive factors at
any time interval, and cox proportional hazards analysis relating plasma lipid levels and the
incidence of low performance in color trail tasks also showed no association (total cholesterol:
HR 0.9, 95% CI 0.9–1.0; HDL-C: HR 1.2, 95% CI 0.7–42.2, triglycerides: 1.0, 95% CI 0.2–
4.2; LDL-C: HR 0.9, 95% CI 0.9–1.0).

DISCUSSION
In this study performance in all cognitive domains declined significantly over time in elderly
individuals without dementia or cognitive impairment, while there was no association between
levels of any plasma lipid or lipid lowering treatment and memory, cognitive/visuospatial or
language performance at any interval. Higher age at baseline was related to lower scores in all
three domains at each interval, while higher education and Caucasian ethnicity were associated
with higher scores in all domains.

The role of dyslipidemia in the development of cognitive impairment remains unclear. Brain
cholesterol alters the degradation of APP(2), which contributes to the pathogenesis of AD
(13). Several lines of evidence indicate that lowering plasma cholesterol levels prevents AD
development by reducing Aβ production and secretion (40). These findings seem to contradict
previous studies demonstrating that cholesterol protects PC12 cells from fibrillar Aβ peptide,
that cholesterol depletion induces AD-type injuries in cultured hippocampal slices (40), and
that brain cholesterol is almost entirely synthesized in situ and not transferred from the plasma
into the brain (41). Few studies have examined the association of plasma lipid levels to
cognitive function, and they reported inconsistent results (5,7,42–44). Results in animal studies
(45,46), and studies relating plasma lipid lowering treatment to cognitive functioning (7,12,
43,47,48) have also been conflicting. Most observational studies were cross-sectional (9,43,
49–51), and some of the few longitudinal studies included individuals with QD or AD and did
not provide methods to limit inclusion of such individuals (52). Our results are consistent with
the idea that lipid levels do not affect cognition directly.

There are several potential explanations for our findings of no association of plasma lipids and
lipid lowering treatment to cognitive change. One explanation is measurement error. We had
only one measure of plasma lipids which may not take into account intrapersonal variation. If
the measurement error was random, this would have underestimated the association between
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lipids and cognitive changes, thus resulting in finding of no association. Another possibility is
that our sample was relatively homogeneous in plasma lipid levels, thus not permitting enough
variability to detect an association. Another potential explanation is bias related to selection
into this study. It is possible that plasma lipid levels are related to cognitive decline in younger
individuals but not the older sample in our study. Our sample was older than 65 years with a
mean age of 75.7 years. It is possible that individuals with adverse outcomes related to plasma
lipid levels did not survive to inclusion in our study, or that the plasma lipid levels at the age
of entry in the study did not reflect lipid levels earlier in life. Finally, it is possible that plasma
lipid levels are not related to cognitive decline as indicated by our results.

The main limitation of this study is that we used only one measurement of lipid levels, which
could have led to measurement error due to intraperson variability and underestimation of the
association between lipid levels and cognitive impairment.

This study has important strengths. This is a prospective cohort study designed for the diagnosis
of cognitive decline, and with complete clinical and neuropsychological evaluation at each
interval. Our study has sensitive measures of cognitive change in several specific domains
including memory. In addition, we had the ability to diagnose dementia and cognitive
impairment without dementia at baseline, thus allowing us to follow an unbiased sample. Other
longitudinal studies used global cognitive assessments or may not have had the ability to detect
early stages of cognitive impairment at baseline (43,52,53).

An important consideration in the interpretation of the results of this study is its generalizability.
This study was conducted in an urban multiethnic elderly community with a high prevalence
of risk factors for mortality and dementia. Thus, our results may not be generalizable to cohorts
with younger individuals or to cohorts with participants with a lower morbidity burden.
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Figure 1.
Description of Sample Size.
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Table 1
Demographic characteristics of the 1147 individuals in the study population

Men 363 (31.6)

Women 784 (68.4)

Education, mean (SD), year 8.6 (4.6)

Age, mean (SD), year 76.3 (5.8)

Body mass index, mean (SD) 27.1 (5.1)

Ethnic group‡

 White/Non-Hispanic 239 (20.8)

 Black/Non-Hispanic 371 (32.3)

 Hispanic 531 (46.3)

APOE genotype 4/4 22 (1.9)

APOE genotype 4/− 294 (25.6)

APOE genotype −/− 6821 (71.6)

Cholesterol (mg/dl), mean (SD) 203.1 (40.7)

HDL (mg/dl), mean (SD) 47.1 (15.8)

Triglycerides (mg/dl), mean (SD) 185.2 (95.7)

LDL (mg/dl), mean (SD) 118.9 (36.4)

No Diabetes 852 (74.3)

Diabetes, not treated 47(3.6)

Diabetes, treated 140 (12.2)

No heart disease 871 (75.9)

Heart disease, not treated 41 (3.6)

Heart disease, treated 127 (11.1)

No hypertension 458 (39.9)

Hypertension, not treated 173 (15.1)

Hypertension, treated 404 (35.2)

Use of lipid lowering agents

 no 763 (66.5)

 yes 59 (5.1)

Values are expressed as number (percentage) unless otherwise indicated. Some percentages are based on an incomplete sample due to small amounts of
missing data.

‡
Classified by self-report using the format of the 1990 US census (54).
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Table 2
Comparison of lipid levels by demographics in 1147 subjects

Cholesterol (mg/dl) HDL (mg/dl) Triglycerides (mg/dl) LDL (mg/dl)

Men 188.8 (39.2) 41.9 (12.5) 182.5 (103.4) 110.5 (35.8)

Women 209.7 (39.7) * 49.4 (16.5) * 186.5 (92.1) 122.8 (36.0) *

Ethnic group †

 White/Non-Hispanic 209.3 (40.4)* 47.4 (16.3) * 186.5 (94.3) 124.6 (33.3)*

 Black/Non-Hispanic 203.4 (40.7) 51.1 (16.3) * 158.7 (78.1) 120.6 (37.4)*

 Hispanic 199.9 (40.8) 43.8 (46.3) 203.8 (103.4)* 115.2 (36.9)

Values are expressed as number (SD) unless otherwise indicated. Some percentages are based on an incomplete sample due to small amounts of missing
data.

*
Significant at a 0.05 level versus lowest value within lipid group, based on analysis of variance for continuous data and χ2 test for categorical data.

†
Classified by self-report using the format of the 1990 US census (54).
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Table 3
Relationship of Plasma lipids and Time of Follow-up to Memory Performance in Healthy Elderly Over 7 years

Model 1 Model 2

Variable Estimated β (SE) p-value Estimated β (SE) p-value

Time −6.8 (0.6) 0.000 −6.8 (0.6) 0.000

Total cholesterol 3.5 (3.0) 0.3 −0.6 (2.8) 0.8

Time*total cholesterol −0.4 (0.8) 0.6 −0.4 (0.8) 0.6

Time −7.3 (0.6) 0.000 −7.3 (0.6) 0.000

HDL −3.3 (3.0) 0.3 −1.2 (2.8) 0.7

Time*HDL 0.5 (0.8) 0.5 0.6 (0.8) 0.5

Time −6.9 (0.6) 0.000 −6.9 (0.6) 0.000

Triglycerides 0.5 (3.0) 0.9 2.3 (2.8) 0.4

Time*triglycerides −0.3 (0.8) 0.7 −0.1 (0.8) 0.9

Time −7.1 (0.6) 0.000 −6.9 (0.6) 0.000

LDL 1.2 (3.0) 0.7 −0.9 (2.8) 0.7

Time*LDL 0.2 (0.8) 0.8 −0.1 (0.8) 0.9

Model 1 is adjusted for age and gender, Model 2 is adjusted for age, gender, education, ethnic group and APOEε4
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Table 4
Relationship of Plasma lipids and Time of Follow-up to Cognitive Performance in Healthy Elderly Over 7 years

Model 1 Model 2

Variable Estimated β (SE) p-value Estimated β (SE) p-value

Time −1.0 (0.2) 0.000 −1.0 (0.2) 0.000

Total cholesterol 1.4 (1.5) 0.4 −1.7 (1.2) 0.1

Time*total cholesterol 0.3 (0.3) 0.4 0.2 (0.3) 0.4

Time −0.9 (0.2) 0.000 −0.9 (0.2) 0.000

HDL −1.9 (1.6) 0.2 0.1 (1.3) 0.9

Time*HDL −0.1 (0.3) 0.6 −0.1 (0.3) 0.8

Time −0.9 (0.2) 0.000 −0.9 (0.2) 0.000

Triglycerides −2.3 (1.5) 0.1 −0.1 (1.2) 0.9

Time*triglycerides 0.0 (0.3) 0.9 0.2 (0.3) 0.5

Time −1.2 (0.2) 0.000 −1.1 (0.2) 0.000

LDL −0.1 (1.5) 0.9 −1.8 (1.2) 0.1

Time*LDL 0.5 (0.3) 0.06 0.4 (0.3) 0.2

Model 1 is adjusted for age and gender, Model 2 is adjusted for age, gender, education, ethnic group and APOEε4
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Table 5
Relationship of Plasma lipids and Time of Follow-up to Language Performance in Healthy Elderly Over 7 years

Model 1 Model 2

Variable Estimated β (SE) p-value Estimated β (SE) p-value

Time −0.2 (0.1) 0.000 −0.2 (0.1) 0.000

Total cholesterol 0.2 (0.3) 0.4 0.1 (0.3) 0.7

Time*total cholesterol −0.1 (0.1) 0.7 −0.1 (0.1) 0.6

Time −0.2 (0.1) 0.000 −0.2 (0.1) 0.002

HDL −0.3 (0.3) 0.3 −0.2 (0.3) 0.5

Time*HDL 0.0 (0.1) 0.6 0.1 (0.1) 0.5

Time −0.2 (0.1) 0.005 −0.3 (0.1) 0.000

Triglycerides −0.1 (0.3) 0.9 0.2 (0.3) 0.5

Time*triglycerides 0.1 (0.1) 0.4 0.1 (0.1) 0.1

Time −0.2 (0.1) 0.006 −0.2 (0.1) 0.002

LDL 0.1 (0.3) 0.9 0.1 (0.3) 0.9

Time*LDL 0.1 (0.1) 0.4 0.1 (0.1) 0.5

Model 1 is adjusted for age and gender, Model 2 is adjusted for age, gender, education, ethnic group and APOEε4
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