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Abstract

Objective: To examine the relationship between fasting serum lipids and short term verbal
memory in middle aged adults.

Methods: Total cholesterol, high-density lipoprotein cholesterol (HDL-C), triglycerides and
memory were measured twice, at mean ages 55 and 61, in 3673 male and female participants
of the Whitehall II study. Short term verbal memory was assessed using a 20-word-list.
Logistic regression was used to model associations between ATP-III categories of lipids and
memory deficit (recall of <4 words) and decline (decrease of > 2 words). Analyses were
adjusted for education, occupational position, coronary heart disease, stroke, hypertension,
use of medication, diabetes, smoking and alcohol consumption.

Results: Compared to high HDL-C (=60 mg/dL), low HDL-C (<40 mg/dL.) was associated
with greater odds of memory deficit at the first (OR=1.27; 95% confidence interval
(CD)=0.91-1.77) and second wave of this study (OR=1.53; 95% CI=1.04-2.25) in fully
adjusted analysis. Decrease in HDL-C over the 5-year follow-up period was associated with
decline in memory in the adjusted analysis (OR=1.61; 95% CI=1.19-2.16), no interaction with
APOE e4 status was present.

Interpretation: HDL-C levels are potentially modifiable and our results suggest that low

HDL-C is associated with poor memory and decline in memory in middle aged adults.

Condensed abstract

We examined the relationship between fasting serum lipids and short term verbal memory in
middle aged adults. Low HDL cholesterol and decreasing levels over a five year follow-up
period were associated with poor memory and decline in memory, respectively. No other lipid

that was tested was associated with memory.
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The distinction between vascular dementia and Alzheimer’s disease has become
blurred, partly because of similar associations of cardiovascular disease and its risk factors
with different types of dementia' and lower cognitive functioning.”’ Among the many risk
factors investigated, the association between cholesterol and cognition appears to be the most
elusive. High cholesterol is a proven risk factor for cardiovascular disease,* but the
association with cognition appears complicated. Some studies have shown high lipid levels to

3,5-14

be risk factor for impaired cognition or dementia, whereas others either show no

15-17 . s 18,19 1 g .. .
or a protective association. ~ Findings from lipid lowering agents are also

association
mixed, some studies show a protective effect on dementia®® and others no effect.*’

There is some consensus to suggest that dementia itself modifies lipid levels either
through changes in diet or metabolism, leading to low total or low-density lipoprotein
cholesterol levels (LDL-C) (i.e., a more favorable profile) among those with dementia.'*"**
Thus, examination of the effect of lipids on cognition in the elderly either in cross-sectional
analysis or in analysis using short follow-up periods is likely to yield spurious results. The
associations between midlife lipid levels and late life dementia appear to be robust.””?*
However, the precise lipid that might be important remains unclear with studies implicating
high levels of LDL-C, *'* or total cholesterol (TC)*”** or low levels of high-density
lipoprotein cholesterol (HDL-C).*'*!*** HDL-C is critical for the maturation of synapses and
the maintenance of synaptic plasticity.?® It can influence the formation of amyloid B, the main
constituent of amyloid plaques.”” Low HDL-C has also been shown to be associated with
lower hippocampal volume."!

We investigate the association between lipids and short term verbal memory by
examining the cross-sectional associations and associations between changes in lipids with
changes in memory over 5 years in middle aged individuals. We examine whether these
associations are independent of morbidities related to lipid levels, such as cardiovascular
disease, stroke and hypertension, and inherited apolipoprotein E epsilon 4 status (APOE e4),

shown to be important in the association between lipids and cognition.'

Methods

Data are drawn from the Whitehall 1I study, established in 1985 among 10,308 civil
servants (6,895 men and 3,413 women), further details provided elsewhere.?® All civil
servants aged 35-55 years in 20 London based departments were invited to participate and
73% agreed. Data for our analysis come from phases 5 (1995-97) and 7 (2002-04) of the
study. The University College London ethics committee approved the study.
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Lipids at Phases S & 7

Blood samples were collected after either an 8-h fast (participants presenting to the
clinic in the morning) or at least 4 h after a light fat-free breakfast (participants presenting in
the afternoon). Venepuncture of the left antecubital vein was performed with tourniquet.
Blood was collected into plain and fluoride Sarstedt (Neumbrecht, Germany) monovettes.
Serum for lipid analyses was refrigerated at —4°C and assayed within 72 hours. Cholesterol
and triacylglycerols were measured with the use of a Cobas Fara centrifugal analyzer (Roche
Diagnostics System, Nutley, NJ). HDL-C was measured by precipitating non-HDL cholesterol
with dextran sulfate-magnesium chloride with the use of a centrifuge and measuring
cholesterol in the supernatant fluid. Technical error was estimated by assaying blinded
duplicate samples for 5% of subjects. Coefficients of variation were 2.0 to 6.6 percent.

The Adult Treatment Panel 111 (ATP I1I) of the National Cholesterol Education
Program guidelines were used to categorize all lipids for this study.?” The categories were:
TC: <200, 200-239, and »240 mg/dL; HDL-C: <40, 40-59, and =60 mg/dL; triglycerides: <
150, 150-199, =200 mg/dL. Note 1mg/dL cholesterol = 0.0259 mmol/L, 1mg/dL Triglycerides
=0.0113 mmol/L

Short term verbal memory at Phases 5 & 7 was assessed with a 20-word free recall test.
Participants were presented a list of 20 one or two syllable words at two second intervals and
were then asked to recall in writing as many of the words in any order and had two minutes to
do so. Memory deficit, for the cross-sectional analyses, and decline, for the longitudinal
analysis, was defined as performance in the worst quintile. This corresponded to a recall of up
to 4 words for defining deficit at Phases 5 and 7 and a decline of 2 or more words between the

two phases for defining decline.

Confounders at Phases S & 7

Possible confounders included age, sex, education (no or primary, lower secondary,
higher secondary, first university degree, higher degree) and occupational position (high,
intermediate and low employment grade). Prevalent diseases such as coronary heart disease
(CHD), hypertension, stroke and medication use (lipid lowering and oral contraceptive (OC)
or hormone replacement therapy (HRT)). CHD prevalence was based on clinically verified
events and included fatal and non-fatal myocardial infarction (MI) and definite angina. MI
was defined as a coronary death (ICD 9 codes 410-414 or ICD 10 codes 120-25) or non-fatal
MI using the MONICA criteria.’® Angina included participants who reported symptoms of
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angina,”’ with corroboration in clinical records or abnormalities on a resting ECG, exercise
ECQG, or coronary angiogram. Hypertension was classified as systolic and diastolic blood
pressure >140/90 mm/Hg or treatment for hypertension. Stoke diagnosis and medication use
(lipid lowering drugs, OC/HRT) were self-reported. Diabetes status was determined on the
basis of self-report of doctor diagnosis, use of diabetes medication or the oral glucose
tolerance test (2h glucose>200mg/dL fasting glucose>126mg/dL). Finally, health behaviors
were assessed with a measure of smoking (yes/no) and units of alcohol consumed in a week,

logged in the analysis to correct for skewness.

Statistical analysis

The association between lipids (TC, HDL-C and triglycerides) and memory deficit
was examined using logistic regression first in cross-sectional analysis at Phase 5 with all
covariates also drawn from Phase 5. The reference group for TC and triglycerides was the
“low” category and for HDL-C the “high” category. The analysis was first adjusted for age
and sex (Model 1), then the lipids (TC, HDL-C, triglycerides) were mutually adjusted (Model
2). Further adjustments were made for education and employment grade (Model 3) and finally
for prevalent disease and health behaviors (Model 4). This whole procedure was repeated
using data on all measures from Phase 7 on the same individuals but five years after Phase 5.

The longitudinal analysis examined the association between change in lipids with
decline in memory between Phases 5 and 7. Change in lipid levels was characterized as
remaining in the same risk category over the two phases of data collection (low-low,
intermediate-intermediate, high-high) or decreasing (increasing for HDL-C) or increasing
lipid levels (decreasing for HDL-C). The reference category in these analyses was the “low-
low” category, except for HDL-C which was the “high-high” category. This analysis was
adjusted for confounders measured at Phase 7 with the four levels of adjustment described
previously.

Sensitivity analysis for the analysis of change were carried out on two subsets of data

to assess the robustness of the change analysis. First, the analyses were repeated among those
who were APOE e4 negative. APOE genotype was determined using a standard PCR assay of
DNA extracted from whole blood using the salting out method **>. We also examined the
interaction term between APOE e4 status and change in HDL-C. Second, we examined
whether the results were robust to adjustment for LDL-C. LDL-C was calculated using the
Friedwald method which results in the LDL-C being highly correlated with total cholesterol
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(correlation coefficient =0.91, p<<0.0001). Due to collinearity issues we chose not to use it in

the analysis except in the sensitivity analysis where it replaced total cholesterol.

Results

Data for the longitudinal analysis were available on 3673 individuals; the cross-
sectional analyses are also shown on the same individuals. Table 1 shows the characteristics
of these individuals at Phases 5 and 7.

The cross-sectional associations between the lipids and poor memory are presented in
Table 2. At Phase 5, 34.8%, 11.9% and 9.9% of the sample was in the high risk category for
total cholesterol, HDL-C and triglycerides, respectively. Women were less likely to be present
in the high risk categories of HDL-C (9.8%) and triglycerides (13.0%). Nevertheless, men and
women were combined in these analyses as the interaction term with TC (p=0.49), HDL-C
(p=0.07) and triglycerides (p=0.37) did not provide strong evidence for sex differences in the
association between lipids and memory deficit. Table 2 shows no association between TC and
memory deficit, the same is true for triglycerides. However, low level of HDL-C was
associated with memory deficit in the fully adjusted model (OR=1.27; 95% confidence
Interval (CI) = 0.91-1.77). Table 3 shows results from analysis using Phase 7 data when the
participants were 5 years older. The interaction term for TC (p=0.44), HDL-C (p=0.53) and
triglycerides (p=0.54) again allowed us to combine men and women in the analysis. Here
again, low HDL-C was associated with memory deficit (OR=1.53; 95% CI = 1.04-2.25).

Table 4 shows the results for the effect of change in lipid levels on decline in memory.
For a majority of individuals, lipid risk levels remained the same over the two measures that
were 5 years apart: 59.1% for TC, 69.8% for HDL-C and 78.8% for triglycerides. Men and
women were again combined in these analyses as the interaction term with TC (p=0.63),
HDL-C (p=0.63) and triglycerides (p=0.09) did not provide strong evidence for sex
differences. Results show only changes in HDL-C to be associated with decline in memory.
Compared to those with high levels of HDL-C, individuals with decreasing HDL-C had a
greater risk of memory decline in fully adjusted analysis (OR=1.61; 95% CI = 1.19-2.16).
Changing the reference category to those with decreasing HDL-C (results not shown but
available on request) revealed that all groups except the low-low HDL-C group had lower
odds of decline in memory. Statin use was not associated with decline in memory (OR=0.98;
95% CI1 =0.73-1.32). It should be noted that the decreasing HDL-C category contains
individuals who decreased from high to low or intermediate level or from intermediate to low

level.
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Sensitivity analysis

Of the 3673 participants in this study, APOE e4 data were available on 3326
individuals. The interaction term (p=0.53) between APOE e4 status and change in HDL-C did
not suggest any evidence of a stronger association in different APOE e4 groups. 2397
participants were APOE e4 negative and Table 5 (sub sample 1) shows the association
between change in HDL-C levels and memory decline in this group. Decreasing HDL-C was
associated with decline in memory (OR=1.73, 95% CI = 1.20-2.50) after adjustment for all
covariates.

The results for sub sample 2 (N=3326) in Table 5 also show a robust association
between change in HDL-C and decline in memory (OR=1.58; 95% CI = 1.17-2.13), revealing

LDL-C not to change the association between change in HDL-C and decline in memory.

Discussion

This study of middle aged adults suggests a robust association between low HDL-C
and poor memory. Furthermore, decreasing HDL-C was associated with decline in memory
over a 5-year follow-up. These associations remained after adjustment for the effects of
education, occupational position, prevalent disease or medication use and they were
independent of APOE e4 status. Serum concentrations of total cholesterol and triglycerides
show no association with memory deficit or decline. Thus, our results identify HDL-C as
being important for memory.

Many previous investigations into the association between lipids and memory in the
elderly have focused on total or LDL-C,>** perhaps because of their status as proven risk
factors for cardiovascular disease. Our findings emphasize the need to expand the focus to
HDL-C. In our study on middle aged adults, the associations of low levels of HDL-C with
memory deficit and decline were independent of other lipids and robust to adjustments for a
number of potential confounding factors. There are a number of plausible mechanisms
connecting low levels of HDL-C and memory, as HDL-C is the prominent lipoprotein in the
human brain®” and is involved in the regulation of amyloid B protein metabolism and
deposition in the brain.** Deficit in HDL-C could also affect memory through its influence on
atherosclerotic disease and stroke,> or subclinical vascular injury not reflected in the
covariates examined. Other possible mechanisms linking low levels of HDL-C to
neurodegenerative processes might involve its anti-inflammatory® or antioxidant®” properties.

Although memory deficits are critical to the diagnosis of mild cognitive impairment™®

and Alzheimer’s disease, the association between lipids and memory remains little explored
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in midlife. Dementia occurs late in life but it is increasingly recognized that there is a long
preclinical phase characterized by progressive neuropathological changes that become
clinically detectable later. The “life-long” view of dementia stresses the importance of risk
factors in midlife.*” Our findings on individuals aged 55 and 61 at the two phases of data
collection suggest that low levels of HDL-C may be an important risk factor. Among the
elderly, there is also some evidence of a link between HDL-C and poor memory,' and
Alzheimer’s disease. However, some previous studies on the elderly have found low HDL-C
to be associated with vascular dementia but not with Alzheimer’s disease.®'* The
inconsistency in findings needs to be viewed in light of the fact that dementia itself modifies
lipid levels;®” necessitating further research where lipids are measured before the diagnosis of
dementia.

The association between low levels of HDL-C and poor memory is unlikely to be
simply an accidental finding in our data as the cross-sectional findings were consistently
replicated across two study phases. There is some evidence of increase in association over
time as the Phase 7 data show stronger associations between HDL-C and memory deficit.
Furthermore, decreasing HDL-C level was also predictive of decline in memory. We
undertook further analysis in sub samples in order first to assess whether this association held
in APOE e4 negative subjects. APOE e4 is widely regarded as being implicated with adverse
outcomes for dementia.'”***** Our results on APOE e4 negative individuals show
decreasing levels of HDL-C to be associated with greater odds of memory decline. In the
second analysis on a sub sample we reran the longitudinal analysis by replacing total
cholesterol with LDL-C. Here again, results were not much different.

There are a number of potential limitations to this study. First, causality cannot be
inferred from observational data and a randomized controlled trial with treatment specifically
targeted at elevating HDL-C levels and measurements of change in memory performance
would be necessary to establish causality. A further possibility would be to examine this issue
using brain imaging data. Second, despite extensive adjustments for a variety of potential
confounding factors, it is possible that some unmeasured variable causes decline in both
HDL-C and memory. Third, data here are drawn from the 5% and 7% phase of a study,
implying both survival and selection effects. Therefore, it is possible that the association
between lipids and cognition is underestimated in our sample.

In conclusion, our results show low levels of HDL-C (<40 mg/dL) to be associated
with poor memory. Furthermore, decline in HDL-C was associated with declines in memory

over a five-year period. The National Cholesterol Education Program® has stressed the



importance of lowering LDL-C in order to reduce the burden of cardiovascular disease. Our
results suggest that increasing HDL-C might also be important, for cognitive outcomes in

particular.
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Table 1. Sample characteristics of participants.

Phase 5
(1997-1999)

Phase 7
(2002-2004)

N

% women

Age (M (SD))

% with < primary education

% low employment grade

3673
26.8%
55.4 (5.9)
11.1%
19.9%

3673
26.8%
60.9 (5.9)
11.1%
8.5%

Total cholesterol mg/dL' (M (SD))
% in high risk category

HDL cholesterol mg/dL" (M (SD))
% in high risk category

Triglycerides mg/dL" (M (SD))

229.31 (40.21)
34.8%

56.84 (15.08)
11.9%

116.03 (73.51)

227.74 (39.06)
29.5%

61.48 (17.01)
7.3%

118.69 (77.95)

% in high risk category 9.9% 9.4%
% Coronary Heart Disease 5.1% 7.8%
% Stroke 0.6% 2.1%
% Hypertension 25.8% 36.5%
% Lipid lowering drugs 2.6% 9.7%
% Oral contraceptive/Hormone Replacement Therapy 6.1% 4.7%
% Diabetes/Impaired Glucose Tolerance 12.6% 20.7%
% Smokers 8.2% 6.1%
Alcohol consumption GM(SDL)i 8.89 (3.20) 8.10 (3.10)
Short term verbal memory (Range 0-20) (M (SD)) 7.00 (2.41) 6.95 (2.40)

M: Mean, SD: Standard Deviation. HDL: high-density lipoprotein.
* GM: Geometric mean; SDL: Standard deviation of logged values.

t Img/dL cholesterol = 0.0259 mmol/L, 1mg/dL Triglycerides = 0.0113 mmol/L
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