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Abstract

The current study examined associations between blood lipid profiles and cognitive functioning using a healthy non-demented
elderly sample. The sample comprised 196 healthy volunteers (male; 86: female 110) aged 60—75 years from the Australian
Research Council Longevity Intervention (ARCLI) study cohort. Serum total cholesterol (T-C), low density lipoprotein cholesterol
(LDL-c), high density lipoprotein cholesterol (HDL-c) and triglycerides (TGL) were collected, and participants completed the
Swinburne University Computerized Cognitive Assessment Battery (SUCCAB). In line with prediction, higher levels of T-C and
LDL-c were found to be associated with impaired speeds of response in tasks assessing recognition memory, working memory and
inhibitory processing. However, contrary to prediction both TGL and HDL-c were found to be unrelated to cognitive functioning in
the current sample. It is suggested that frontal lobe function may be differentially sensitive to the effects of T-C and LDL-c
accumulation during the aging process. Future data collection as part of the larger ARCLI intervention study will provide important

follow-up data regarding the ability of the baseline blood lipid data to predict subsequent cognitive change.
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Introduction

Dyslipidemia, together with other vascular risk factors, have
been found to be associated with an increased relative risk of
dementia during the aging process (Kloppenborg et al. 2008).
Mechanisms of action for these effects may include the effect of
cholesterol on the degradation of the amyloid precursor protein
(Burns and Duff 2002), as well the contribution of cholesterol
to atherosclerosis in the arteries and microvasculature of the
brain (Franciosi et al. 2009; Morley and Banks 2010). A num-
ber of studies have previously investigated associations be-
tween dyslipidemia and dementia risk, however the effect of
increased cholesterol levels on cognitive decline in healthy
aging more generally is yet to be properly established.

Van den Berg et al. (2009) conducted a systematic review
to investigate the effect of vascular risk factors on cognitive
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functioning in elderly, non-demented, participants. Seven
studies examined relationships between blood lipids and cog-
nitive function. Two out of five longitudinal studies (De Frias
et al. 2007; Komulainen et al. 2006) were found to have sig-
nificant associations with one or more measures of
dyslipidemia and worse cognitive function. In the study by
Komulainen et al. (2006) low HDL-c was associated with
increased risk of poor memory after 12 year follow-up, whilst
in the study by de Frias et al. (2007) high triglyceride levels
were associated with a greater 10 year decline in verbal
knowledge. In contrast, in the studies by Teunissen et al.
(2003) and Reitz et al. (2005), blood lipid levels were found
to be unrelated to changes in cognitive function over 6 and
7 years, respectively, whilst in a study by Henderson et al.
(2003) increases in T-C and LDL-c over an 8 year period were
associated with better memory performance.

In relation to the two cross-sectional studies (Dik et al.
2007; Zhang et al. 2004) listed in the review by Van den
Berg et al. (2009), only one of these studies (Dik et al. 2007)
reported a significant association between dyslipidemia and
worse cognitive function. In the study by Dik et al. (2007),
which utilized a sample of 1183 participants aged 65-85 years,
low HDL-c was found to be associated with impaired
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processing speed and fluid intelligence after controlling for
age, sex and education, while triglyceride levels were not
found to be associated with any of the cognitive measures.
However, it is noteworthy that the sample included some par-
ticipants with mild-moderate cognitive impairment, as evi-
denced by MMSE scores in the range of 16 to 30. In contrast,
the study by Zhang et al. (2004), which utilized a sample of
4110 men aged 20-59 years, reported higher levels of serum
T-C and non-HDL cholesterol to be associated with faster
visuomotor speeds, as measured by a computerized simple
reaction time test. Further, no association between T-C and
cognitive function was found in the baseline data of
Teunissen et al. (2003).

Additional studies, which were not included in the sys-
tematic review by Van den Berg et al. (2009), have also
provided mixed findings. A prospective study by Ancelin
et al. (2014) provided evidence to suggest that for elderly
men a hypercholesterolemic pattern, consisting of high T-
C, low HDL-c and high LDL-c was associated with a 25—
50% increased risk of declines in psychomotor speed,
executive abilities and verbal fluency over a 7 year
period. Leritz et al. (2016) found that memory perfor-
mance was negatively associated with triglyceride levels
but positively associated with LDL-c, whilst executive
function and language ability were not found to be
associated with any of the serum cholesterol measures.
In a more recent study by Lu et al. (2017) a quadratic
relationship was found between T-C and cognitive perfor-
mance, whereby males with either low or high T-C levels,
rather than mid-range levels, performed worse on mea-
sures of executive function, attention and processing
speed. However, other cross-sectional studies have report-
ed better cognitive performance associated with higher
levels of T-C (Elkana et al. 2018; Mielke et al. 2008) or
LDL-c (Leritz et al. 2016), and a prospective study by
Henderson et al. (2003) found increases in T-C and
LDL-c over an 8-year period were associated with better
memory performance.

In light of the previous inconsistencies reported in the lit-
erature, regarding the relationship between blood lipids and
cognitive decline function, the aim of the current study was to
investigate the relationship between total serum cholesterol
(T-C), low-density lipoprotein cholesterol (LDL-c), high-den-
sity lipoprotein cholesterol (HDL-c), triglycerides (TGL)
and cognitive function using a sensitive computerized
cognitive battery in a sample of high-functioning
healthy older adults without diabetes or dementia. It
was hypothesised that higher T-C, LDL-¢ and TGL
levels would be associated with decreased accuracy
and slower reaction times in cognitive tasks, whereas
it was also hypothesised that high HDL-c levels would
be associated with improved accuracy and faster reac-
tion times in cognitive tasks.
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Methods
Participants

The sample comprised 196 healthy volunteers (Male; 86:
Female 110) aged 60-75 years from the Australian Research
Council Longevity Intervention (ARCLI) study cohort
(Stough et al. 2012a). The data for this analysis was drawn
from baseline data from the ARCLI study (a large intervention
study aimed at examining the effects of two compounds on
cognitive performance), whereby a complete case approach
was used in relation to missing blood lipid or cognitive data.

Participant recruitment

Participants were recruited through radio, newspaper articles
as well as poster and flyer distribution. Volunteers were ex-
cluded if they were taking cognitive enhancing supplements
(e.g. Ginkgo biloba), were current smokers, had a history of
drug and/or alcohol misuse or were currently taking pre-
scribed antidepressant, anxiolytic or antipsychotic medication.
Participants were eligible if they did not have a diagnosis of
diabetes, dementia, neurological or psychiatric disorder or car-
diovascular disease. Eligibility also included not having a re-
cent history (defined as a period longer than 6 weeks, over the
past 5 years), of a chronic or severe illness. Initial telephone
screening was conducted by an experienced research assistant
using participant self-reports. A second round of face-to-face
interviewing was conducted to confirm eligibility according to
the following screening measures: the Mini Mental State
Examination (MMSE; Folstein et al. 1975) excluding those
with a score of 23 or less which indicates cognitive impair-
ment; and the Geriatric Depression Scale (GDS; Yesavage
et al. 1982) excluding those with a score of 20 or more, which
is indicative of depressive symptoms in the severe range. All
participants provided written and informed consent, and the
Swinburne University Human Research Ethics Committee ap-
proved the study. The ARCLI trial was registered with the
Australian and New Zealand Clinical Trials Registry
(ANZCTR12611000487910).

The Swinburne University computerised cognitive
assessment battery (SUCCAB)

Cognitive function across a number of domains were also
assessed using the SUCCAB, which is a computerized cogni-
tive battery that was developed specifically for the detection of
changes in cognition associated with aging (Pipingas et al.
2010). In the current study, sub-tests were administered in
the following order: a simple recognition memory task (testing
immediate memory of abstract pictures), a congruent colour-
word stroop task, an incongruent colour-word stroop task, a
spatial working memory task (testing working memory of
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spatial locations), a contextual recognition memory task (test-
ing the learning of associations between objects and their lo-
cation) and a delayed recognition memory task (testing the
recall of previously presented abstract pictures). Further de-
tails regarding these computerized tasks have been described
in Pipingas et al. (2010). The outcome measures for each tasks
were response time (in milliseconds) and accuracy (percent-
age of correct responses) for each of the memory tasks.

Screening and clinical scales

Mini-mental state examination (MMSE) The Mini-Mental
State Examination (MMSE; Folstein et al. 1975) is a brief
30-point test that is commonly used to screen for dementia.
The MMSE evaluates six areas of cognitive function: orienta-
tion, attention, immediate recall, short-term recall, language,
and the ability to follow simple verbal and written commands.
Scores >24 points indicate normal cognition, whereas scores
below this level indicate some level of cognitive impairment
(Folstein et al. 1975).

Wechsler abbreviated scale of intelligence (WASI) Two tests
from the Wechsler Abbreviated Scale of Intelligence (WASI;
Wechsler 1999) were administered in order to provide an es-
timate of the full scale intelligence quotient (IQ). The vocab-
ulary and matrix reasoning subtests of the WASI were admin-
istered to all participants. The vocabulary subtest is a 42-item
task, which requires the participant to orally define words that
are presented visually and orally. The matrix reasoning subtest
involves the presentation of a series of 35 incomplete grid
patterns, which the participant is asked to complete by
selecting the correct pattern from five possible choices. The
WASI is a reliable and valid measure of intelligence for use in
research settings (Canivez et al. 2009).

Geriatric depression scale (GDS) The GDS (Yesavage et al.
1982) is a basic screening measure for depressive symptom
severity which is suitable for use in elderly populations. The
GDS sums 30 questions each of which are answered “yes” or
“no”. A total score of 09 is considered normal, a score of 10—
19 indicates mild depressive symptoms and a score of 20-30
indicates severe depressive symptoms.

Blood sampling For each participant, 8.5 ml of blood was
collected via venepuncture into a serum-separator tube follow-
ing an overnight fast of >12 h. The samples were centrifuged
for 10 min at 4000 rpm, then stored at 4 °C before being sent
to a commercial laboratory in Melbourne, Victoria for analysis
(Clinicallabs Pathology). Serum concentrations of total cho-
lesterol (T-C), triglycerides (TGL), low-density lipoprotein
(LDL) and high-density lipoprotein (HDL) were measured
using the ADVIA system (Siemens, USA) according to stan-
dard enzymatic methods (Appleton et al. 2007).

Procedure Participants attended Swinburne University of
Technology in Melbourne for two sessions with the visits
being up to one week apart. Eligible participants could attend
during the morning or afternoon with the allocated time of day
remaining consistent, minimizing confounding effects of fa-
tigue and diurnal variation on cognitive and blood parameters.
Morning participants attended after fasting overnight while
afternoon participants were able to consume a light breakfast
and lunch. At the beginning of the first visit, participants pro-
vided written and informed consent prior to engaging in any
screening questionnaires or undergoing blood pressure mea-
surements or cognitive test batteries. Participants were
screened for depressive symptoms and any possible memory
impairments using the GDS and the MMSE, respectively.
General cognitive ability (IQ) was assessed using the WASIL
General demographic information was also collected at the
time of the first visit, including age, gender, height, weight,
body mass index (BMI) and total years of education (includ-
ing primary school). Blood pressure measurements were
assessed at the second visit, prior to participants completing
the computerized cognitive tasks.

Statistical analysis All analyses were conducted using IBM
SPSS Statistics Version 25. Confirmatory factor analysis
(CFA) was conducted in IBM SPSS AMOS 25 Graphics.
Initial exploratory correlations were conducted in order to test
for patterns of association between demographic variables and
both blood lipid and SUCCAB cognitive outcome measures.
Age, body mass index (BMI), years of education and intelli-
gence (WASI) were found to form significant correlations
(p<.05) and for this reason were included as covariates in
all subsequent analyses. Participants were then divided into
high and low blood lipid groups on the basis of median splits
for T-C, LDL-cholesterol, HDL-cholesterol and Triglycerides.

For SUCCAB simple recognition memory, spatial working
memory, delayed recognition memory and the stroop task re-
peated measures analysis of covariance (ANCOVA) was used
to test for the effects of blood lipid concentration on cognitive
performance. Separate analyses were conducted for accuracy
(% correct) and reaction time (ms) for each of T-C, LDL-cho-
lesterol, HDL-cholesterol and triglyceride groups. In each
analysis, blood lipid group (high, low) and gender (male, fe-
male) were included as between-subject variables, and stimu-
lus type (original/novel for the memory tasks, and congruent/
incongruent for the stroop task) was included as the within-
subject variable. In the case of significant main effects or
interactions (p <.05), follow-up pairwise comparisons were
conducted in order to test for the direction of the difference.
For SUCCAB contextual recognition memory univariate
ANCOVA was used to test for the effect of blood lipid
concentration on cognitive performance using blood lip-
id group (high, low) and gender (male, female) as between-
subject variables.
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Results

Means, medians and standard deviations for demographic,
screening and blood lipid measures are displayed in Table 1.
Means and standard deviations of means for SUCCAB tests
according to blood lipid groupings (T-C, LDL-cholesterol,
HDL-cholesterol and triglycerides) are displayed in Table 2.

Simple recognition memory

Reaction time A significant gender x stimulus type interaction
was observed (F(1,190)=4.593, p=.033, partial n°=.024),
whereby males were significantly slower than females when
responding to original stimuli (males: M =993.27, SE = 15.05,
females: M =940.52, SE = 13.28, p =.010). A significant main
effect was observed for T-C (F(1,188) =4.146, p =.043, partial
1° =.022), whereby participants in the high cholesterol group
had slower reaction times than participants in the low cholester-
ol group (high cholesterol: M =1016.17, SE = 12.01, low cho-
lesterol: M =982.22, SE=11.42, p=.043).

Accuracy A significant T-C x stimulus type interaction was
observed (F(1,188)=5.118, p=.025, partial n2 =.027),
whereby there was a trend (p <.10) towards participants in
the high cholesterol group being more accurate than partici-
pants in the low cholesterol group for original stimuli (high
cholesterol: M =63.77%, SE =1.98, low cholesterol: M =
58.71%, SE =1.85, p =.063).

Stroop task

Reaction time Significant main effects were observed for T-C
(F(1,188)=8.310, p =.004, partial 1 =.042) and low density

Table 1

lipoprotein (F(1,188)=5.761, p=.017, partial n*=.030),
whereby participants in the high cholesterol group had slower
reaction times than participants in the low cholesterol group
(high cholesterol: M =896.14, SE=11.02, low cholesterol:
M =852.06, SE =10.47, p =.004) and participants in the high
LDL group had slower reaction times than participants in the
low LDL group (high LDL: M =885.72, SE=10.60, low
LDL: M =848.96, SE=10.94, p=.017). A significant gender
x T-C interaction was observed (F(1,188)=13.472, p <.001,
partial n* =.067) together with a significant gender x low
density lipoprotein interaction (F(1,188)=4.402, p=.037,
partial n?=.023). Males in the high cholesterol group had
significantly slower reaction times than males in the low cho-
lesterol group (high cholesterol: M =934.42, SE =17.86, low
cholesterol: M =834.47, SE=14.37, p<.001), and males in
the high LDL group had significantly slower reaction times
than males in the low LDL group (high LDL: M =906.68,
SE =15.89, low LDL: M =837.87, SE=16.61, p=.003).
Accuracy: No significant main effects or interactions were
found for stroop accuracy.

Contextual recognition memory

Reaction time Significant main effects were observed for T-C
(F(1,188) = 5.395, p = .021, partial n* = .028) and low density
lipoprotein (F(1,188) =5.207, p =.024, partial n*>=.027).
Participants in the high cholesterol group performed signifi-
cantly slower than participants in the low cholesterol group
(high cholesterol: M =1088.66, SE =13.45, low cholesterol:
M =1045.30, SE=12.78, p=.021). Participants in the high
LDL group performed significantly slower than participants in
the low LDL group (high LDL: M = 1083.94, SE =12.61, low
LDL: M=1042.36, SE=13.02, p=.024). Accuracy: No

Means, medians and standard deviations of demographic, screening and blood lipid measures

Males (n = 86)

Females (n=110) Overall (n=196)

M median  (SD) M median  (SD) M median  (SD)
Demographic and screening measures
Age (years) 66.37 66.00 (3.80) 65.65 65.00 (4.09) 65.96 66.00 3.97)
Body Mass Index 26.33 25.85 (3.90) 2547 24.63 4.57) 25.84 25.39 (4.30)
Education (total years) 16.57 17.00 (3.62) 15.79 16.00 (4.44) 16.13 16.00 (4.11)
Intelligence” 119.51 121.00  (10.60)  119.16  120.00 (11.86)  119.32  121.00 (11.29)
Mini Mental Status Examination 28.31 29.00 (1.41) 28.94 29.00 (1.14) 28.66 29.00 (1.30)
Geriatric Depression Scale 3.70 3.00 (3.75) 3.77 3.00 (3.56) 3.74 3.00 (3.63)
Blood Lipid measures
Total cholesterol (mmol/L) 5.25 5.30 (.99) 5.67 5.70 (.79) 5.49 545 (.91)
Low density lipoprotein cholesterol (mmol/L) 3.18 3.30 (.84) 3.29 3.30 (.73) 3.24 3.30 (.78)
High density lipoprotein cholesterol (mmol/L)  1.46 1.40 (.41) 191 1.90 (.49) 1.71 1.60 (.51)
Triglycerides (mmol/L) 1.39 1.20 (.80) 1.05 .90 (51 1.20 1.00 (.67)

T Fullscale intelligence quotient obtained using the Wechsler Abbreviated Scale of Intelligence (WASI)

@ Springer



481

Metab Brain Dis (2019) 34:477-484

(ILv01) €8°7101 (L6'TIT) 96'866 (81°L0T) ¥T°0001 (Teo11) 80°L10T (8€'901) 06'0201 (89°601) ¥€'€66 (85°€01) LS'TT101 (SL €11 TT€001 (sw) 1d
(08°01) TE0L (6111 €1°0L (8121 09°69 T1r6)90'1L (99°11) 9%°69 (ST0D 90°1L (€11 TO'0L (ov"01) S¥'oL () Koemooy
A1owdpyy uoy1u303y padvjaq
(€TSED 10766 (LL9TD) L1166 (Tree) LE0101 (8¥°821) ¥9°696 (66°TTD) £¥T101 (10°8TD ¥L'1L6 (81°621) TT'6101 (LE€TD) 61'996 (sw) 1d
(0€€D) 60°TL (81$D 9TTL (Isv1 8769 (S6°T1) L9SL (ILvyD oT1L (Ss'€D 0T EL (I9vD LLOL (€9°€1) 9S°€L () Koemooy
Arowapyy Supyiop| [pyvds
(TS8€) L6'6501 (S8°0€1) T8'S901 (LS'SED ST'0LOT (I18°€€1) L8TS0T (For1) LS T80T (0'92D) ¥S'THOT (€8'8€1) 15°8L0T (8T°6T1) 08'9101 (sw) 14
(LT0D) SL99 (T191) 9S°0L (L8'61) ST'L9 (09'91) TT'0L (z9'61) L0'89 0¥'LT) $6'89 (60°61) TL'89 (S0'81) LT'89 (%) Koemooy
A1owdpyy uoyIUS003Y [PNIXIUO))
(81'¥E1) 06'9T6 (Ly'TTl) 96'7€6 (8%'121) 9€'ST6 (W6'LED ¥¥'LE6 (LY 1ED) 6L'9V6 1oy 6€€16 (€6'LT1) 0S°€v6 (LL'8TD) 69°L16 (sw) 14
(€2°91) ¥9°06 (LEST) 05°06 (€0's1D 9’16 (18'91) 89'68 (S9°€1) S1°06 (L8'L1) €0'16 L9'1D s€'16 (60°61) 08°68 () Koemooy
Juan.L3uoouy dooyg
(S9°LTD) 09°66L (€9°C11) 9¥°808 (61°T11) 80908 (rL'0T1) TS008 (66'S11) ST'618 (OF°TI1) 68°98L (orozp TIL1s (S6'801) TT'06L (sw) ¥
(97°9) 08°S6 (€9°9) 8T'L6 (€8'%) 08'96 (8L°9) 90'96 (T€9) #1796 (TT$) €596 (€0°9) ¥8'96 (8%°9) T1'96 () Koemooy
Juan.i3uoy) doo.sj§
(16'911) LS'866 (LT011) T6°686 (0¥'ST1) 78'986 (T 11D SL+001 (S6°€11) S¥'9001 (89C11) 00°Z86 (ST'811) 60°9001 (L¥'801) 01°€86 (sw) 1d
(6£91) 1T°6S Wy v 0€°€9 (6$°S1D 7919 (TL'SD 6€°09 (0g'sD TH'19 (209D ¥L09 #9°SD 1179 (19°S1) L0°09 () Koemooy
Atowdpy uou3022y 21duirg
(@as)w @as)w @as)n @aswn (@) @as)w @asn @asw
YSIH M0 YStH M0 YSIH Mo YStH M0
SOPLIOJAISLI], urjoxdodry Aysua ySiH urjordodry Aysuog Mo [0I21S9[0Y [eI0T,

sSurdnois pidi] poojq Aq ‘sajqerreA awoono gy HDNS JO SUONBIAID pIepue)S pue SUedJ\ g d|qel

pringer

Qs



482

Metab Brain Dis (2019) 34:477-484

significant main effects or interactions were found for contex-
tual recognition memory accuracy.

Spatial working memory performance

Reaction time For Spatial working memory reaction time,
significant main effects were found for T-C
(F(1,188)=12.107, p=.001, partial nZ:.061) and low
density lipoprotein (F(1,188)=6.410, p=.012, partial
n°=.033). Participants in the high cholesterol group
performed significantly slower than participants in the
low cholesterol group (high cholesterol: M =1027.32,
SE=12.80, low cholesterol: M =965.50, SE=12.16,
p=.001). Participants in the high LDL group performing sig-
nificantly slower than participants in the low LDL
group (high LDL: M =1014.60, SE=12.21, low LDL:
M =969.96, SE=12.60, p=.012). Accuracy: No signif-
icant main effects or interactions were found for spatial
working memory accuracy.

Delayed recognition memory

Reaction time A significant main effect for gender was ob-
served (F(1,190)=4.346, p =.038, partial n2 =.022), with
males performing significantly slower than females (males:
M=1031.49, SE=11.89, females: M =998.15, SE=10.49,
p =.038). A significant main effect for low density lipoprotein
was also observed (F(1,188)=4.583, p=.034, partial
1* =.024), whereby participants in the high LDL group per-
formed significantly slower than participants in the low LDL
group (high LDL: M=1031.18, SE=10.92, low LDL: M=
997.40, SE=11.27, p=.034).

Accuracy A significant T-C x stimulus type interaction was
observed (F(1,188)=4.274, p=.040, partial n2 =.022)
whereby in the high cholesterol group accuracy was signifi-
cantly better for original stimuli compared to novel stimuli
(original stimuli: M =74.38%, SE =1.53, novel stimuli:
M =65.06%, SE=1.66, p<.001).

Discussion

Higher levels of serum T-C were found to be associated with
slowed speed of response across multiple cognitive domains,
including simple recognition memory, inhibitory processing
(stroop), contextual recognition memory and spatial working
memory. Similarly, higher levels of LDL-c were also found to
be associated with a decreased speed of response for
inhibitory processing (stroop), contextual recognition
memory, spatial working memory and delayed recogni-
tion memory. HDL-c and triglycerides were found to be un-
related to the cognitive outcome measures included in the
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battery, whilst accuracy in the cognitive tasks was unrelated
to any of the blood lipid measures.

The current findings for T-C and LDL-c are consistent with
the prospective study by Ancelin et al. (2014) whereby a hy-
percholesterolemic pattern in late-life men, consisting of high
T-C, low HDL-c and high LDL-c was associated with a 25—
50% increased risk of declines in psychomotor speed, execu-
tive abilities and verbal fluency over a 7 year period. The
current findings are also partially consistent with the study
by Lu et al. (2017) whereby males with either low or high T-
C levels, rather than mid-range levels, performed worse on
measures of executive function, attention and processing
speed. However, these findings are in contrast to previous
cross-sectional studies which have reported better cognitive
performance associated with higher levels of T-C (Elkana
et al. 2018; Mielke et al. 2008; Zhang et al. 2004) or LDL-c
(Leritz et al. 2016), and the prospective study by Henderson
et al. (2003) whereby increases in T-C and LDL-c over an 8-
year period were found to be associated with better memory
performance. Similarly the current findings diverge from pre-
vious studies which observed no relationship between T-C,
LDL-c and cognitive outcome measures (Dik et al. 2007;
Reitz et al. 2005; Teunissen et al. 2003).

The finding of no associations between HDL-c and cogni-
tive performance was consistent with some previous studies
(Leritz et al. 2016; Reitz et al. 2005; Teunissen et al. 2003).
However, these findings were in contrast to a number of stud-
ies which reported impaired cognitive performance associated
with low HDL-c¢ (Dik et al. 2007; Mielke et al. 2008) or
increased risk of declines associated with low HDL-c
(Ancelin et al. 2014; Komulainen et al. 2006). Similarly, the
current findings are in contrast to the study by Lu et al. (2017)
where women with mid-range HDL-c performed better than
those with low or high HDL-c across a number of domains.
The finding of no association between TGL and cognitive
performance was also consistent with a large number of pre-
vious studies (Ancelin et al. 2014; Dik et al. 2007;
Henderson et al. 2003; Komulainen et al. 2006; Reitz
et al. 2005; Teunissen et al. 2003), yet in contrast to the find-
ings of Leritz et al. (2016) and Frias et al. (De Frias etal. 2007)
where higher TGL levels were associated with worse memory
function and a greater subsequent decline in verbal knowl-
edge, respectively.

Due to the large degree of heterogeneity in both sample
characteristics and cognitive outcome measures used across
previous studies, it is difficult to clearly identify reasons for
the strong pattern of association between T-C, LDL-c and
cognitive impairment observed in the current study, and the
lack of association found for HDL-c and TGL. However, what
can be observed from the current demographics (see Table 1)
is that the sample consisted of late middle-age participants
(M =65.96 years, SD =3.97), that were well educated (M =
16.13, SD =4.11), with above average intelligence (M =
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119.32, SD =11.29), and no evidence of either depression
(GDS; M =3.74, 3.63) or cognitive impairment (MMSE scores
>24 points). Similarly, by observing the lipid profiles of partic-
ipants for the sample as a whole it can be seen that the partic-
ipants are on average in the normal range. According to the
third report of the National Cholesterol Education Expert Panel
(NCEP Expert Panel 2001) the T-C median of 5.45 mmol/L is
within the ‘borderline’ range (5.2 — 6.2 mmol/L), the LDL-c
median of 3.30 mmol/L is at the upper limit of the ‘good’ range
(2.6 — 3.3 mmol/L), the HDL-c median of 1.60 mmol/L is
within the ‘good’ range (>1.55 mmol/L), and the TGL median
of 1.0 mmol/L is also within the ‘desirable’ range (<
1.7 mmol/L). For these reasons, it is most accurate to interpret
the current relationships between T-C, LDL-c and cognitive
function within the context of healthy late-middle age individ-
uals who do not have clinically elevated blood lipid profiles.
Another important factor which differentiates the current study
from many previous studies is that it utilized a computerized
(speeded) cognitive battery which measured both memory re-
call as well as inhibitory processes and working memory func-
tion. In consideration of the fact that it was the reaction times,
rather than the accuracies, that were found to form significant
associations with the blood lipid measures it could be argued
that previous studies which do not measure speed-of-response
(i.e. utilize only global measures such as the MMSE, or paper-
and-pencil tasks without millisecond precision), may have
failed to capture these relationsihps.

In regard to interpreting the possible effect of T-C and
LDL-c on cognitive abilities, it is interesting to note that both
the spatial working memory and stroop (inhibitory process-
ing) task rely predominantly on frontal lobe functioning,
which suggests that blood lipids may be detrimentally
impacting function in this area of the brain, a region which
has been found to be particularly vulnerable to structural
changes during the aging process (Hedden and Gabrieli
2004). However, it is noteworthy that higher T-C and LDL-c
levels were also associated with declines in performance for
simple recognition, learning of contextual associations and
delayed recognition memory, indicating that the medial tem-
poral lobes may also be effected early in the aging process by
accumulation of blood lipids. A potential common mecha-
nism by which elevated T-C and LDL-c may impact brain
functioning within these disparate regions is via atherosclero-
sis in the arteries and microvasculature providing blood to this
region (Franciosi et al. 2009; Morley and Banks 2010).

An important limitations of the current study was that it
was only cross sectional in nature, and hence there needs to
be caution in inferring mechanisms of causality. However,
longitudinal data is to be obtained over a 12-month period
for participants enrolled in the intervention phase of the
ARCLI study (Stough et al. 2012b). With this data it will be
possible to compare changes over time on both blood lipid and
cognitive data, and also to test how baseline blood lipid

profiles predict subsequent changes in cognition of the subse-
quent 12-month period.

In summary, the current study examined associations be-
tween blood lipid profiles and cognitive functioning using a
healthy non-demented elderly sample. In line with prediction,
higher levels of T-C and LDL-c were found to be associated
with impaired speeds of response in tasks assessing recogni-
tion memory, working memory and inhibitory processing.
However, contrary to prediction both TGL and HDL-L were
found to be unrelated to cognitive functioning in the current
sample. A number of these tasks rely on intact frontal lobe
function, which suggests that these structures may be differ-
entially sensitive to the effects of T-C and LDL-c accumula-
tion during the aging process. Future data collection as part of
the larger ARCLI intervention study will provide important
follow-up data regarding the ability of the baseline blood lipid
data to predict subsequent cognitive change.
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