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Abstract
Objectives—To assess the importance of lipids and lipoproteins on longitudinal cognitive
performance and cognitive health in late life and to consider moderating factors such as age and
sex which may clarify conflicting prior evidence.

Design—A 16-year prospective cohort study of health and cognitive aging.

Participants—819 adults from the Swedish Adoption Twin Study of Aging (SATSA), 50 years
and older at the first cognitive testing, including 21 twin pairs discordant for dementia.

Measurements—Up to five occasions of cognitive measurements encompassing verbal, spatial,
memory and perceptual speed domains across a 16-year span. Baseline serum lipids and
lipoproteins including HDL, apoA1, apoB, total serum cholesterol, and triglycerides.

Results—The effect of lipids on cognitive change was most evident prior to age 65. In women
higher HDL and lower apoB and triglycerides predicted better maintenance of cognitive abilities
over age, particularly verbal ability and perceptual speed. Lipid values were less predictive of
cognitive trajectories in men and, where observed, were in the contrary direction: i.e., higher total
cholesterol and apoB values predicted better perceptual speed performance though faster rates of
decline. In twin pairs discordant for dementia, higher total cholesterol and apoB levels were
observed in the twin who subsequently developed dementia.

Conclusions—Elevated lipids may constitute a more important risk factor for cognitive health
before age 65 than after. Findings for women are consistent with clinical recommendations, while
for men the findings correspond with earlier age-associated shifts in lipid profiles and the
importance of lipid homeostasis to cognitive health.
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Introduction
Cognitive health in old age may be related to cardiovascular risk factors such as serum lipid
levels; however, how lipids relate to cognitive change is unclear. Despite the likely
involvement of cholesterol metabolism in Alzheimer's disease (AD) and dementia, results
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have been inconsistent across epidemiological studies, particularly for late life dementias
(1,2), while very few studies have considered cognitive performance declines beyond mental
status test scores or mild cognitive impairment. If serum cholesterol or other lipids alter
dementia risk, we would expect to see notable impacts on longitudinal cognitive
performance and change that predates clinically detectable impairments.

Reviews of existing literature suggest that high midlife cholesterol, or decline in cholesterol
from mid to late life, may be important to later risk of cognitive impairments, AD, and
dementia (1), while serum cholesterol measured in late life is less clearly related (1,2).
Findings for total serum cholesterol and cognitive decline, typically measured with cognitive
status exams, are mixed and at best suggest a weak association (1). The scant number of
studies predicting longitudinal cognitive performance from serum lipids report equivocal
findings for change in verbal ability, memory, or perceptual speed traits over a 5 to 10 year
period (3-5). Consideration of APOE genotype has not clarified the associations between
serum lipids and cognitive change (1,3,5). The suggestion of a potential age-moderation of
the effect of serum total cholesterol on cognitive health and the insufficient examinations of
other serum lipids warrant further longitudinal studies (1,2).

In particular, apoplipoproteins B (apoB) and A1 (apoA1) have not been examined in studies
of cognitive change despite their role in lipid metabolism and associations with relevant
health outcomes. ApoB forms the primary protein component of atherogenic lipoprotein
particles (e.g. LDL) while apoA1 forms the primary anti-atherogenic lipoprotein particles
(HDL) (6). ApoB acts as a receptor ligand for LDL receptors (7) while apoA1 promotes the
effusion of cholesterol from tissues (6). ApoB, apoA1, and their ratio (apoB /apoA1) may be
more reliable predictors of cardiovascular events and coronary heart disease mortality (7-9)
compared to routine lipid measurements. Ratios of apoB to apoA1 of 1.0 or higher may
constitute a high cardiovascular risk and between 0.7-0.9 a medium cardiovascular risk (7).

The possibility of nonlinear serum cholesterol-cognition relationships (10) or age-period
effects affecting the magnitude of the association between serum lipids and cognitive health
(1,2) may explain the ambiguous relationship between serum lipids and cognitive change in
the existing longitudinal studies of cognitive performance. Furthermore, studies have not
considered differential lipid-cognition associations by gender, but have typically controlled
for gender rather than testing for moderation of effects, despite evidence for differing lipid
profiles between older men and women (11-16).

The primary purpose of the current study is to examine the prediction of cognitive change
across verbal, spatial, memory and perceptual speed domains from baseline serum lipid
values in Swedish adults 50 years and older. In addition to a longer follow-up time of up to
16 years compared to earlier published longitudinal studies, we consider: multiple lipid
parameters, multiple cognitive domains, whether lipids have different effects on cognitive
trajectories before and after age 65 years, and sex differences. In addition, we consider
baseline lipid values in twin pairs discordant for dementia.

Method
Participants

The Swedish Adoption/Twin Study of Aging (SASTA) is a population based-study drawn
from the Swedish Twin Registry (17,18) that includes pairs of twins separated before the age
of 11 and reared apart and a sample of twins reared together matched on gender, birth date
and county of birth (19). Participants in the in-person testing (IPT) assessments were aged
50 to 96 years of age (59.7% female). The sample for the current analyses includes 819
twins with available lipid and cognitive assessments, representing 96.7% of those tested at
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IPT sessions1. IPT participants who did not provide blood samples (N = 28) tended to be
female (78.6%) and older at baseline (M = 5.11 years older).

Sample sizes at each IPT reflects a combination of loss of participants due to dropout or
death and entry of new participants who became age 50. For the current analysis, the sample
size at each IPT was 606, 590, 566, 539, and 443, respectively. Those with 1, 2, 3, 4 or 5
occasions of measurement were 79 (9.6%), 169 (20.6%), 191 (23.3%), 146 (17.8%), and 234
(28.6%), respectively. There was no sex difference in the number of IPT measurements (p
= .490).

Measures and Procedures
Cognitive performance—Five in-person testing sessions (IPT1, IPT2, IPT3, IPT5 and
IPT62) included a cognitive battery assessment: IPT1 took place between 1986 and 1988.
The second and third IPT sessions occurred at three-year intervals, IPT5 occurred seven
years later and IPT6 at a three-year interval (20). In total, the span of observations is up to
16 years. Cognitive traits include principal component scores formed from the following
tests, standardized to IPT1 means and standard deviations to preserve a metric to assess
change at subsequent waves: Verbal abilities (Information subtest, Analogies, Synonyms),
Spatial abilities (Koh's Block Design, Figure Logic, Card Rotations), Memory (Digit Span,
Thurstone's Picture Memory, Names and Faces immediate and delayed recall task), and
Perceptual Speed (Symbol Digit, Figure Identification). In addition, the first principal
component of all cognitive tests, ‘g’, was formed. All component scores were rescaled as t-
scores by adding a constant of 50 and multiplying by 10. Additional information on the
cognitive tests is provided elsewhere (21,22).

Dementia—Individuals aged 60 years and older were screened for cognitive dysfunction at
each wave of SATSA data collection. Screening used in-person cognitive performance
including the MMSE (23,24) or, for anyone not visited, the TELE interview (25). Those
who screened positive were assessed clinically, following the CERAD standard workup
protocol (26). Diagnoses were made by consensus conference, using DSM-IIIR or DSM-IV
criteria for dementia, NINCDS/ADRDA criteria for AD, and other standard criteria for other
dementias.

As of May 2007, 74 individuals who had been tested with the psychometric battery and who
had lipid values available were determined to have developed incident dementia. For these
individuals, all data measured concurrent with or subsequent to dementia onset were set to
missing. Thus, any cognitive and lipid data prior to dementia onset are included in the
longitudinal analyses. We believe that this approach is most consonant with the recognition
that some in the study who have not developed dementia may still do so in the future.

Serum lipids—Serum samples extracted from whole blood taken at IPT sessions were
frozen at -70°C prior to lipid analysis. Serum triglycerides and cholesterol were measured
using calorimetric enzymatic assay procedures at all IPTs (IPT1-IPT3, IPT5-IPT6) (27-30).
HDL was measured at IPT1 using a precipitation procedure (27) while later measurements
(IPT5, IPT6) used a homogenous method (Abbott Scandinavia, AB). Apolipoprotein A1 and
B concentrations were determined by radioimmunoassay at IPT1 (27) and
immunoturbidimetric tests (31,32) at subsequent IPTs (IPT2-IPT3, IPT5-IPT6). ApoA1 and
apoB values obtained prior to the establishment of international reference standards (IPT1-
IPT3) were transformed according to relevant calibration studies (31,33). All lipid values are

1 Ten individuals were determined to have dementia at baseline and were excluded.
2 Neither the cognitive battery nor lipids were assessed at IPT4; only a brief telephone cognitive screening was completed.
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reported in mmol/L units with the exception of apoA1 and apoB which are reported in g/L
units.

Lipid values from the first available IPT session were used in the current analyses. Outliers
were excluded according to previous work (28). For 96.8% of the sample, lipids were
assessed at their first IPT session while for 3.2% of the sample lipids were available from
subsequent IPTs.3 Altogether, 67% of the sample had baseline lipid measurements from
IPT1, and 33% from later IPTs. There was no significant sex difference in baseline wave (p
> .512). No significant differences were found in baseline HDL, apoA1 or apoB levels
before and after changes to assay technique (p > .539), adjusting for age, fasting, medication
use, and sex. Prior to analyses, triglycerides, HDL, apoB, and the apoB /apoA1 ratio values
were log transformed to reduce skew and kurtosis.

Covariates—Covariates were taken from the same IPT session as basline lipids.
Covariates controlled for in the analyses included: fasting status (no, yes), smoking status
(never, past, current), alcohol use (no, yes), use of prescription or non-prescription
medications (none, any medication), body mass index (BMI), and mean arterial pressure
(MAP) (see Table 1). Among those who fasted, the average fast time reported was 8.50
hours (SD = 3.70). For analysis, quantitative covariates were mean-centered while non-use
was coded as zero for dichotomous or ordinal variables.

Statistics
We applied latent growth models to cognitive data using SAS PROC Mixed with full
maximum likelihood estimation (22,34). The growth model included three latent variables:
performance level at age 65 years (i.e., intercept, I), linear slope prior to age 65 years (S1),
and linear slope after age 65 years (S2). Observed variables included cognitive scores and
corresponding ages at testing. Variances and covariances were estimated for the intercept (I)
and the slope components (S1, S2) thereby allowing individual differences in growth. Pair
dependencies were accounted for by estimating between- and within-pair variances and
covariances.

An unconditional growth model was fit as a comparison to a subsequent model where a
baseline lipid parameter was entered as a predictor of the growth components (I, S1, S2).
The difference chi-square test with 3 df indicated the extent of improvement in fit by adding
the baseline lipid parameter as a predictor of growth processes. Given a significant omnibus
chi-square test, individual significance of the lipid parameter on I, S1, and S2 was examined.
A follow-up series of models were fit with covariates to determine if the effect of the lipid
predictor remained significant. Models were fit separately for males and females.

For descriptive purposes, we present expected cognitive trajectories for significant
associations, depicting those at the mean and those one standard deviation above or below
the mean on the respective lipid parameter. As the cognitive trait scores are scaled as t-
scores with standard deviations of 10 (see above), 8-, 5-, and 3-point differences constitute
large (0.8), medium (0.5), and small (0.3) effect sizes, respectively. For comparability with
known limits, figures depicting cognitive trajectories predicted from log-transformed lipid
and lipoproteins are presented based on back-transformed (exponentiated) units.

Discordant pair analysis—A total of 21 pairs discordant for dementia were identified (6
MZ, 15 DZ; 6 male, 15 female). Pairs were included if the affected twin had lipid values
prior to dementia onset and the unaffected cotwin had been followed at least one year after

3 For HDL, assessed at fewer IPTs, 82% had values concurrent with their first IPT session.
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the age of onset of the case. Average onset age was 77.29 years (SD = 7.08 years). Types of
dementia included: probable AD (N = 7), possible AD (N = 6), vascular dementia (N = 2),
mixed AD and vascular dementia (N = 2), and not otherwise specified (N = 4). Lipid values
were obtained on average 6.45 years (SD = 3.81) prior to age of onset in those with
dementia.

Results
The average age at which baseline lipids were assessed was 63.76 years (SD = 8.49 years).
Median length of longitudinal follow-up was 10.02 years. Sample statistics for serum lipids
and covariates are presented in Table 1. Person by occasion samples sizes and descriptive
statistics of the cognitive measures are presented in Table 2 including cross-wave
correlations.

HDL
HDL did not predict cognitive change for males in any domain. In females, greater levels of
HDL were associated with increasing verbal ability prior to age 65 and greater maintenance
of ability after age 65 [Δχ2(3) = 12.0, p = 0.007] (see Figure 1a). HDL predicted change in
verbal ability before 65 years (S1) (p = 0.046), and achieved trend significance for change
after age 65 (S2) (p = 0.062). The increase in verbal ability from 50 to 65 years was 2.41
points greater in those with a HDL level of 1.9 mmol/L, considered desirable, than those
with HDL values of 0.9 mmol/L, considered low. Similarly, decline in verbal ability from 65
to 80 years was 1.81 points smaller in those with a more desirable HDL level at 1.9 mmol/L
than those with low HDL at 0.9 mmol/L. HDL remained a significant predictor of verbal
ability trajectories when controlling for covariates (p = 0.014).

In addition, increasing values of HDL predicted better perceptual speed performance but
faster rates of change prior to age 65 in women, suggesting that performance benefits wane
over age [Δχ2(3) = 15.7, p = 0.002] (see Figure 1b). The prediction of decline before age 65
(S1) was individually significant (p = 0.003). Decline in perceptual speed from 50 to 65
years was 6.23 points greater in those with low versus desirable HDL values i.e., 0.9 mmol/
L versus 1.9 mmol/L. Omnibus significance remained when controlling for covariates (p =
0.027).

Results controlling for occasion of HDL measurement lead to virtually identical findings
(available upon request).

ApoA1
No significant effects of apoA1 were found for cognitive change in men across any domain.
For women, perceptual speed achieved significance [Δχ2(3) = 10.1, p = 0.018] with a pattern
similar to HDL where increasing values of apoA1 were associated with better performance
but faster rates of change before age 65 (S1, p = .016) (no figure shown). However,
significance fell after controlling for covariates (p = 0.117).

ApoB
ApoB values predicted perceptual speed in men [Δχ2(3) = 8.5, p = 0.037] where higher apoB
values were associated with better performance but steeper rates of decline prior to age 65
(S1) (p = 0.030), suggesting diminishing benefits of higher apoB values (see Figure 2a).
From age 50 to 65 years, the loss in perceptual speed was 3.13 points greater at 1.7 g/L
compared to 1.1 g/L. Similar trajectory patterns were observed with respect to general
cognitive performance (g) [Δχ2(3) = 9.2, p = 0.027] where higher values of apoB predicted
steeper rates of decline before age 65 years (S1) at trend significance (p = 0.077) and less
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steep decline after age 65 (S2) (p = 0.029) (see Figure 2b). When controlling for covariates,
omnibus significance increased for perceptual speed (p = .016) but decreased for g (p = .
053).

ApoB values predicted verbal ability in women [Δχ2(3) = 10.4, p = 0.015] where higher
values of apoB predicted faster rates of decline after 65 years (S2) (p = 0.039). From age 65
to 80 years, loss in verbal ability was 2.04 points greater for those at 1.8 g/L compared to
those at 1.1 g/L (see Figure 1c). When controlling for covariates, omnibus significance
increased (p = 0.003).

ApoB/ApoA1 ratio
No significant effects of the apoB/apoA1 ratio were found for cognitive change in men
across any domain. For women, the apoB/apoA1 ratio significantly predicted verbal ability
performance [Δχ2(3) = 11.3, p = 0.010] that was maintained after inclusion of covariates (p
= 0.015). Trajectory patterns mirrored that observed for apoB alone where higher apoB/
apoA1 ratios predicted a faster rate of decline after 65 years (S2) (p = 0.029). From age 65
to 80 years, those with a ratio of 1.4, considered at high risk for cardiovascular events, lost
2.28 points more than those at 0.7, considered at medium risk (see Figure 1d). In addition,
perceptual speed achieved significance [Δχ2(3) = 9.3, p = 0.026] with a pattern
complementing HDL and apoA1 findings (no figure shown), though significance fell with
covariates (p = 0.090).

Total Cholesterol
Total serum cholesterol was associated with perceptual speed in men [Δχ2(3) = 7.9, p =
0.048] where higher values of total cholesterol were associated with better performance
though faster rates of decline prior to age 65 (see Figure 2c). Total cholesterol predicted
change prior to 65 years (S1) at trend significance (p = 0.058) while performance level at
age 65 (I) or change after age 65 (S2) were not individually significant. Decline in
perceptual speed between 50 and 65 years is 3.41 points greater at cholesterol values of 7.9
mmol/L, considered high, versus those at 5.3 mmol/L, considered borderline high (see
Figure 2c). With covariates, the omnibus significance level remained (p = 0.042).

In women, no significant effects of total serum cholesterol were found across any domain.

Nonlinear effects of total cholesterol on cognitive change were explored in both sexes but no
significant findings emerged.

Triglycerides
Higher triglycerides predicted worse performance and faster decline in general cognitive
ability (g) prior to age 65 in males [Δχ2(3) = 7.9, p = 0.048] although significance fell after
controlling for covariates (p = 0.204) (no figure shown).

Lower values of triglycerides were associated with increased verbal ability in women up to
age 65 and greater maintained ability after age 65 [Δχ2(3) = 14.6, p = 0.002] (see Figure 1e).
The impact of triglycerides on verbal ability at age 65 years (I) was significant (p = 0.027),
with trend significance for change after age 65 (S2) (p = 0.0715). At age 65 years there was
a 2.17 point advantage in verbal ability with a triglyceride level of 0.8 mmol/L, considered
in the normal range, compared to those at 2.3 mmol/L, considered in the high range. The
verbal ability advantage of those with lower versus higher triglycerides nearly doubled by
age 80 years (3.94 points). Omnibus significance remained when including covariates (p =
0.0244).
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Lower values of triglycerides predicted better memory ability across age for women [Δχ2(3)
= 26.4, p < 0.0001] (see Figure 1f). Memory performance at age 65 (I) was better at lower
levels of triglycerides (p < 0.0003). At age 65 years there was a 4.20 point advantage with
triglycerides at 0.8 mmol/L compared to 2.3 mmol/L. This advantage was maintained from
50 to 80 years. Omnibus significance remained when including covariates (p = 0.0030).

In addition, triglyceride levels predicted spatial ability [Δχ2(3) = 13.2, p = 0.004], perceptual
speed [Δχ2(3) = 15.3, p = 0.002], and general cognitive ability (g) in women [Δχ2(3) = 18.6,
p < 0.001], with similar patterns to that described for verbal ability and memory (figures not
shown). However, when controlling for covariates omnibus significance fell to trend levels
(spatial ability, p = .0858; perceptual speed, p = .0858; g, p = .0526).

Lipids in discordant pairs
We next considered 21 pairs discordant for incident dementia, for whom baseline lipid
values were assayed for both members of the pair at either the first or second in-person
testing occasion (IPT1 or IPT2). The affected twin had significantly higher values on total
cholesterol and apoB than their unaffected cotwin (see Table 3). Sex, fasting status,
medication use, age at onset in the demented twin, and number of years between the lipid
assay and dementia onset in the demented twin were not significant predictors of pair
differences (all p > .09). The covariate-adjusted pair differences remained significant for
total cholesterol (p = .012) and at trend significance for apoB (p = .067).

Discussion
The goal of the current study was to examine predictive relationships of serum lipid and
lipoprotein parameters for cognitive change in a population-based sample of twins. Our
findings suggest that the impact of lipids and lipoproteins on cognitive trajectories is most
prominent prior to age 65. Moreover, the results emphasize the importance of lipids for later
life cognition in women: low triglycerides, low apoB and high HDL values were beneficial
to maintaining cognitive abilities over age, particularly for verbal ability and perceptual
speed. Lipid values were less predictive of cognitive trajectories in men and, where
associations were found, were in the contrary direction: higher apoB and total cholesterol
levels were advantageous to cognitive performance though effects diminished by age 65.
Finally, the importance of lipid and lipoprotein levels was extended from cognitive
trajectories to dementia risk: higher apoB and total serum cholesterol levels, measured more
than 6 years on average before dementia onset, were found in the affected than in the
unaffected twin.

The current study clarified prior equivocal findings by considering whether lipids have
distinctive effects on cognitive trajectories before and after age 65. We observed greater
predictive relationships between lipids and cognition prior to age 65. This observation is
consistent with a recent review and meta-analysis of prospective studies of lipids and
dementia suggesting that high midlife cholesterol may be particularly important to later
cognitive impairments and dementia as compared to late-life cholesterol values (1). None of
the prior studies of lipids and longitudinal cognitive performance considered nonlinear
models of cognitive change or that the period of effect may differ (3-5). In two studies
where significant lipid-cognitive change effects were reported (3,4), some or all participants
were younger than 65 years at baseline. However, findings for triglycerides and total
cholesterol were not consistent between the studies, perhaps because of differing cognitive
domains considered or gender composition, i.e., males only (4) versus males and females
considered together (3).
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Patterns of lipid-cognition relationships differed for males and females, a point not directly
considered in recent studies (3,5). We observed that the direction of effects for women were
generally expected from clinical recommendations, i.e., higher levels of HDL or lower
levels of triglycerides and apoB values were predictive of better maintained cognitive
performance. In contrast, higher serum cholesterol or apoB values in men led to better
perceptual speed and general cognitive performance, although that advantage diminished by
age 65. The effects of apoB and total cholesterol for men are consistent with a cross-
sectional study of young to middle-aged adults up to 59 years of age that reported that
higher serum non-HDL- and total cholesterol were associated with faster visuomotor speed
performance in men but not women (35). Moreover, Swan and colleagues (4) compared total
cholesterol in six male MZ twin pairs discordant for decline on a perceptual speed task
(average age 55.2 years) reporting that higher total serum cholesterol was observed for the
non-declining twin. Finally, in men with incident dementia from the Honolulu-Asia Aging
Study, total serum cholesterol declines occurred 15 years prior to diagnosis, resulting in
lower levels than for those who remained intact (36). This observation is further supportive
of the current study findings that men with higher cholesterol may better maintain cognitive
capabilities.

Broader support that lipid-cognition relationships could differ between men and women can
be taken from studies of gender differences in serum lipid patterns. For example, movement
of fat in the blood stream is nearly double the rate in women than in men, and greater change
in serum lipids are observed in women than men with intake of elevated carbohydrates or fat
while reduced benefits accrue with dietary restrictions of fat (37). Furthermore, earlier age-
graded changes in serum lipids occur in men than in women (11-16). Finally, lipid profiles
differ in men and women in terms of predicting cardiovascular disease (CVD) or coronary
heart disease (CHD) where HDL and triglycerides emerge as a stronger or unique predictor,
respectively, of CVD or CHD in women compared to men (13,14,38).

Prior findings of gender differences in lipid profiles over age are mirrored by gender
differences in lipid-cognitive change relationships found in the current study. For men,
effects were essentially concentrated before age 65 while for women effects were noted
before and after age 65. As the period of effect may extend beyond age 65 for women,
gender should be considered in future studies of the effect of lipids on cognitive
performance and cognitive health in late life.

The lipoproteins apoA1, apoB, and the apoB/apoA1 ratio have not been examined in prior
longitudinal studies of cognition. Recently these markers have been considered to be more
reliable than routine lipid measurements to predict relevant outcomes including
cardiovascular events (7-9). In the current study, findings for apoA1 were weaker compared
to HDL. Meanwhile, ApoB showed stronger findings of association with cognitive
trajectories compared to total cholesterol, though both were associated with risk of dementia
in the analysis of twin pairs discordant for dementia. While total serum cholesterol was
unrelated to cognitive trajectories in women, higher apoB values predicted verbal ability
declines after age 65. Higher apoB values in males appeared to confer early advantages on
perceptual speed and general cognitive performance but faster rates of decline before age 65,
similar to total cholesterol but only observed for perceptual speed. ApoB levels tend to peak
and then subsequently decline 10 years earlier in men (∼60 years) than women (∼70 years)
(31). Thus, in the current study, higher apoB values in males may reflect better lipid
homeostasis and thereby better-maintained cognitive performance until age 65, whereas
higher apoB levels in women may confer a particular risk to declining performance after age
65. The apoB/apoA1 ratio showed few relationships with cognitive change and none were
unique to that observed for apoB or apoA1. The comparability of apoB to the apoB/apoA1
ratio is consistent with a recent US study of CHD mortality (8).
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Limitations
A greater number of significant findings were observed in women than in men, although
power may have been reduced in men given a smaller sample size. Power to detect potential
sex or age-period effects in the discordant pair analyses was untenable with 21 pairs.

To reduce the number of tests and the chance of type 1 error, we considered omnibus three
degree-of-freedom tests of the effect of each lipid on growth trajectories. With that, 30
analyses were performed each for males and for females (six lipid markers, five cognitive
traits). Further adjustment of p-values in light of a-priori hypotheses is likely to be overly
stringent. Nonetheless, Sidak–adjusted p-values, accounting for correlation among the
cognitive traits, would have suggested values less than .0143 to be significant
(http://www.quantitativeskills.com/sisa/calculations/bonfer.htm), resulting in 13% of
analyses being significant rather than 25%, which is still well above 5% chance.

Conclusions
Cholesterol control is often included in advice about how to maintain cognitive health (e.g.,
the Alzheimer's Association/CDC Healthy Brain Initiative booklet (39)). Our results suggest
that cholesterol control may be most salient for cognitive health in the young-old age period
generally, and for women may extend into old-old age periods. Additional research is
needed to confirm the noted gender differences in lipid-cognition relationships in the present
study. Lastly, temporal relationships between longitudinal lipid and longitudinal cognitive
profiles must be examined in future research to verify whether changes in serum lipids lead
to changes in cognitive performance.
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Figure 1.
Serum lipids and cognitive trajectories in females: (a, b) HDL; (c) ApoB; (d) ApoB/ApoA1
ratio, (e,f) Triglycerides.
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Figure 2.
Serum lipids and cognitive trajectories in males: (a,b) ApoB, (c) Total cholesterol.
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