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Abstract

We examined cross-sectionally which lipid profiles are associated with better cognitive function
among those aged 80 and older-free of dementia (Clinical Dementia Rating < 0.5), functionally
independent and community-dwelling. Our cohort consisted of 193 participants from the “Keys to
Optimal Cognitive Aging (KOCOA) Project”, a prospective cohort study in Okinawa, Japan.
Higher low-density lipoprotein cholesterol levels and lower triglyceride/high-density lipoprotein
cholesterol (TG/HDL-C) ratios were associated with higher scores in memory performance after
controlling for confounders. Further research is required to clarify the associations among LDL-C
levels, TG/HDL-C ratios, and healthy cognitive aging.
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INTRODUCTION

Facing a growing number of those affected by dementia, prevention of cognitive decline is
becoming increasingly important. The identification of modifiable factors associated with
healthy cognitive aging is of significant importance in designing effective preventive
strategies against cognitive impairment.

There are conflicting results regarding the association between dyslipidemia and cognitive
impairment [1-7], which appear to depend on the age when the lipids were assessed, whether
at middle-age or older-ages. Longitudinal studies have shown consistently that low high-
density lipoprotein cholesterol (HDL-C), high total cholesterol (TC), and high low-density
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lipoprotein cholesterol (LDL-C) in midlife are associated with higher risk of cognitive
decline in later life [1, 2]. On the other hand, there are no consistent findings among older
people to show that low HDL-C, high TC, and high LDL-C are associated with subsequent
cognitive decline or dementia. Low HDL-C, high TC, and high LDL-C have been associated
with increased risk of cognitive impairment or dementia in some studies [3-5, 7], but no
association in others [8, 9]. Furthermore, Mielke et al. reported that high TC in late life was
associated with decreased dementia risk [10], while West et al. found a positive association
between elevated LDL-C and better memory function among the oldest old [11].

Additional lipid indices derived from the standard lipid measures, such as higher non-HDL-
C, TC/HDL-C ratio, LDL-C/HDL-C ratio, and triglyceride (TG)/HDL-C ratio, are
considered risk factors for cardiovascular disease (CVD) [12-16]. Non-HDL-C, which is
calculated by simply subtracting HDL-C from the TC, has an association with risk of CVD
[12]. The TC/HDL-C ratio is one of the predictors of future coronary heart disease (CHD)
[13], and changes in TC/HDL-C ratio and LDL-C/HDL-C ratio are better predictors of
lowered CHD risk [14, 15] than TC, LDL-C and HDL-C alone. The high TG/HDL-C ratio is
closely correlated with the concentration of small, dense LDL-C particles [18] which are
widely acknowledged as a major risk factor of CVD [16, 17]. While recent studies suggest
that cardiovascular risk factors are also important risk factors for Alzheimer’s disease (AD)
[1, 2, 19], to our knowledge, there have been few reports on the association between these
ratios and cognitive function among very old subjects, such as those aged 80 and older.

In this study we examined cross-sectionally which lipids and ratios contribute to better
cognitive function among community dwelling older people aged 80 and older who are
functionally independent and free from dementia.

Study design and subjects

Measures

Data came from the Keys to Optimal Cognitive Aging Project (KOCOA), a prospective pilot
cohort study of community-dwelling older people aged 80 years and older living in
Okinawa, Japan. A detailed description of the recruitment process has been presented
elsewhere [20, 21]. Briefly, researchers visited 22 senior centers, explained the study
protocol, and asked them to participate in the study. A request to join the study was made at
the conclusion of each presentation. We recruited community-dwelling older people aged 80
and older who were functionally independent (no or partial assistance required for any
activities of daily living). The study was conducted annually between November 2007 and
March 2010. Using baseline data from this study, we analyzed the cross-sectional
associations of three key cognitive domains (global, executive and memory functions) with
each lipid level as well as each lipid ratio (TC/HDL-C, LDL-C/HDL-C, and triglyceride
(TG)/HDL-C ratios). Of 194 consented subjects who completed a face-to-face interview at
baseline, one participant with frank dementia (Clinical Dementia Rating scale (CDR) [22] =
1.0) was excluded. The remaining 193 participants with CDR < 0.5 were used in this study.
The study was approved by the Ethics Committee of the University of the Ryukyus, and the
Institutional Review Board at Oregon Health and Science University. Informed consent was
obtained from all participants prior to enrollment in the study.

Cognitive function was assessed by a trained interviewer using the Japanese version of the
Mini-Mental State Examination (J-MMSE) [23], the Verbal Fluency Initial Letter (VFL)
[24], and the Scenery Picture Memory Test (SPMT) [25]. The J-MMSE is a measure of
global cognitive function and ranges from 0 to 30 points, with higher scores representing
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better cognitive function [23, 26]. The VFL was used to measure executive function. This
test requires the participant to generate words beginning with the letter “Ka” (in Japanese) in
60 seconds, and has been validated as an equivalent test to Initial Letter Fluency by Lezak
[24]. The SPMT is a measure to assess memory function using a scenery picture, combined
with verbal answers. We selected SPMT because it was found to be sensitive to detect mild
cognitive impairment (MCI) and easy to administer and valid for use among those with
lower educational levels. In the SPMT, the participants were first shown a scenery picture of
a living room containing 23 familiar objects for 60 seconds and were instructed to memorize
the items. Next, digits forward test (four digit strings consisting of 4, 5, 6 and 7 digits,
respectively) was conducted to distract the participants. After the filler test, the participants
were then asked to recall the objects in the scenery picture without time limit. The number
of objects recalled was the score for the SPMT. The SPMT has good test-retest reliability (r
= 0.898), inter-rater reliability (r = 0.750), and content validity [25].

Lipid levels and lipid lowering drugs

Venous blood samples were collected in the morning after an overnight fast. Serum was
separated by centrifugation at 3000 r.p.m. for 15 min and stored at —80 °C until analysis.
The laboratory analyses were performed by SRL Inc. (Tokyo, Japan), using standard
laboratory protocols. The LDL-C and non-HDL-C levels were calculated using the formula
of Friedewald et al [27] and as TC minus HDL-C, respectively. Use of lipid-lowering drugs
was assessed by asking each participant to show their medication bottles. Lipid-lowering
drugs were grouped into 3-hydroxy-3-methylglutaryl-coenzyme-A (HMG-CoA) reductase
inhibitor (statin) and non-statin. Statins were further classified as lipophilic or hydrophilic
statins.

Other covariates

The history of stroke and heart diseases (myocardial infarction, angina pectoris, heart
failure) were ascertained by a question: “Have you ever had a stroke/heart diseases
diagnosed by a physician?” Hypertension was defined by systolic blood pressure = 140
mmHg or diastolic blood pressure = 90 mmHg [28], or currently taking antihypertensive
medication. Type 2 diabetes was defined by glycosylated hemoglobin (HbA1c) level = 6.5%
[29], or currently taking diabetes medication. The HbA1c value was estimated as a National
Glycohemoglobin Standardization Program (NGSP) equivalent value (%) calculated by the
formula HbAlc (%) = HbAlc (Japan Diabetes Society (JDS) method) (%) + 0.4% [29].
Smoking and alcohol drinking status were assessed by self-report and categorized as “never/
former” and “current”.

Statistical analyses

Logistic regression analysis was used to estimate the odds ratio of cognitive performance
associated with serum TC, HDL-C, LDL-C, and non-HDL-C levels, TC/HDL-C, LDL-C/
HDL-C, and TG/HDL-C ratios. We divided subjects into two groups for each cognitive test
at baseline: the highest quartile scores (i.e., top 25%, better cognitive performance group),
and the rest (remaining 75%, intermediate/poor cognitive performance group). Separate
models for each lipid profile were run for each of the three cognitive tests as a binary
outcome using the intermediate/poor cognitive performance group as a reference. Four lipid
levels (serum TC, HDL-C, LDL-C, and non-HDL-C levels) and the three ratios (TC/HDL-
C, LDL-C/HDL-C, and TG/HDL-C ratios) were analyzed as continuous variables. We first
examined unadjusted models, followed by models adjusted for age, gender, years of
education, and finally the fully adjusted models including all covariates (use of lipid-
lowering drugs, history of stroke and heart diseases, hypertension, diabetes, and current
smoking and alcohol drinking status). Statistical significance was set as p < 0.05 with
Bonferroni adjusted p-value in the footnote of the results table. Model fitness was examined
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by using the Hosmer-Lemeshow goodness-of-fit test. All analyses were conducted with SAS
9.1 for Windows (SAS Institute Inc., Cary, NC).

Baseline characteristics of participants are shown in Table 1. The mean age of the
participants was 85.2 years, and 73.6% were women. The mean years of education was 7.3
years. Use of lipid-lowering drugs was reported by 44 subjects. The mean cognitive test
scores were 23.3 for the J-MMSE. Somewhat low cognitive test scores are expected among
this group due to their advanced age and low educational attainment. The previous study,
conducted in older people aged 70 and older living in Okinawa, which is the same
geographical setting, and which involved subjects with similarly low educational attainment
to our study, reported an optimal cutoff score of 16/17 for the J-MMSE to detect AD [30].

No associations were found between each lipid level/ratio and the J-MMSE, and VFL score.
We found that lower TC was associated with a higher score of SPMT, but this significant
inverse association disappeared when age, gender, and years of education were added to the
model. However, higher LDL-C level and lower TG/HDL-C ratio were associated with a
higher score of SPMT, even after controlling for age, gender, and years of education. These
associations remained significant after controlling for use of lipid-lowering drugs, history of
stroke and heart diseases, hypertension, diabetes, and current smoking and alcohol drinking
status (Table 2). None of them, however, was significant under the Bonferroni adjustment.
All models showed adequate fit using the Hosmer-Lemeshow goodness-of-fit test.

The association of higher LDL-C level and lower TG/HDL-C ratio with better memory
function might be influenced by use of statins, which lower blood LDL-C level by inhibiting
HMG CoA reductase. Since lipophilic statins could cross the blood-brain barrier more easily
than hydrophilic statins, they could be more related to cholesterol metabolism in the brain.
As a post-hoc analysis, we examined whether there are differences in the association of
LDL-C and TG/HDL-C with memory function by type of lipid lowering drugs (lipophilic
statins, hydrophilic statins and non-statins); we reran the full models with the interaction
term of LDL-C level or TG/HDL-C ratio with type of lipid lowering drugs (Table 3). The
interaction terms were not significant. That is, the effect of LDL-C ratio and TG/HDL-C
level on memory function did not depend on use of statins or type of lipid lowering drugs.

Finally, in another post-hoc analysis, we excluded those with CDR = 0.5 (n = 54) and reran
all models. The results remained as before.

DISCUSSION

In this study, we found marginally significant associations of a higher LDL-C level and a
lower TG/HDL-C ratio with better memory function among community dwelling,
functionally independent dementia-free older adults aged 80 years and older, even after
controlling for demographic characteristics and use of lipid-lowering drugs.

Consistent with our findings, at least one study has reported an association between elevated
LDL-C level and better memory function in the oldest old (aged 85 and older) [11]. One of
the potential explanations for our findings is that it is possible that people aged 80 and older,
who are healthy survivors, may be less susceptible to the negative effects of high LDL-C.
Another possible explanation is that lower LDL-C may be an indication of preclinical
dementia. A previous study in Japanese-American men found an additional decline in total
cholesterol level beyond what would be expected for age associated normative decline [31].
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Those with relatively better memory performance had a lower TG/HDL-C ratio compared to
normal/poor memory performance group. A higher TG/HDL-C ratio has been found to be
closely correlated with a higher concentration of small, dense LDL particles [18]. Small,
dense LDL particles have a low affinity for the LDL receptor [32], and are readily oxidized
compared with larger and more buoyant LDL particles [33]. Oxidized LDL is associated
with atherosclerosis. Additionally, Barzilai et al. have shown that larger LDL particle size
(i.e., lower levels of small LDL particles) is associated with a lower prevalence of CVD
[34], and at least one study has shown that those with a predominance of small, dense LDL
had an increased risk for development of non-insulin dependent diabetes mellitus in older
people [35]. Atherosclerosis in cerebral arteries is considered one of the risk factors for AD
[36, 37], and vascular factors, including diabetes mellitus, are found to be associated with
not only the risk of vascular dementia, but also of AD [38]. Our results could imply that
larger and more buoyant LDL might be required to maintain memory function among older
people aged 80 and older.

This study has several limitations. First, these findings were not statistically significant
under the Bonferroni adjustment. Therefore, the results should be interpreted with caution.
Second, the cross-sectional analysis provides associations but not causal relationships.
Third, our sample consisted of older people who were relatively healthy community
volunteers in Okinawa, Japan. Therefore, our results may not be generalizable to other
populations. Fourth, the effect sizes reported were relatively small and the statistical
significance might not be clinically meaningful. Fifth, we did not examine apolipoprotein E
(APOE) genotype which is known to be a genetic risk factor of AD. Since there could be a
difference in the association of lipid profile with memory function between carriers and
noncarriers of the APOE-&4 allele [11], the results might be confounded or have interacted
with the APOE genotype. Apolipoprotein A5 (APOADS) gene identified by Pennacchio et al
[39] has been suggested to have a significant effect on TG metabolism. Of several common
single-nucleotide polymorphisms of the APOA5 gene, APOA5 —1131 T>C has been
associated with lipid levels [40, 41]. The frequency of the C allele, the carriers of which
have higher TG levels, was reported to be much greater in Japanese than in Caucasians [40].
Therefore, our results might be influenced by polymorphisms of APOAS5, as well as APOE
genotype, neither of which we could confirm from the current study design. Lastly, the
cognitive battery was limited to a single test in each domain. We only selected one cognitive
test for measuring each cognitive domain in order to reduce interview time and test-taking
stress. Additionally memory function was measured by SPMT. Although this test was
validated and found to be sensitive to early stage AD [25], using other verbal or episodic
memory tests could have yielded different results from our study. Further studies are
required to confirm our findings using more conventional methods, including a full
cognitive test battery.

In conclusion, LDL-C, especially large, buoyant LDL may be required to maintain or
support memory function among older people. Lowering the TG/HDL-C ratio could be
useful as a preventive strategy for cognitive impairment and dementia in advanced age.
Longitudinal follow up and analysis of the current study cohort should help to further clarify
the associations among LDL-C levels, TG/HDL-C ratios, and healthy cognitive aging.
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Table 1
Baseline characteristics of the 193 individuals

Characteristics

Demographics
Women, n (%) 142 (73.6)
Age, mean (SD) 85.2 (3.3)
Years of education, mean (SD) 73(2.2)

Lipids
TG, mg/dL, mean (SD) 110.6 (53.3)
<median, interquartile range> <99, 74-131>
TC, mg/dL, mean (SD) 202.3 (30.2)
<median, interquartile range> <202, 180-220>
HDL-C, mg/dL, mean (SD) 60.0 (11.9)
<median, interquartile range> <59, 52-67>
LDL-C, mg/dL, mean (SD) 120.2 (26.4)
Non- HDL-C, mg/dL, mean (SD) 142.3 (29.5)
TC/HDL-C ratio, mean (SD) 3.5(0.8)
LDL-C/HDL-C ratio, mean (SD) 2.1(0.6)
TG/HDL-C ratio, mean (SD) 2.0(1.3)
Use of lipid-lowering drugs, n (%) 44 (22.8)
Use of lipophilic statins, n (%) 18 (9.4)
Use of statins (lipophilic and hydrophilic) 39 (20.4)

Others
History of stroke, n (%) 14 (7.3)
History of heart diseases, n (%) 18 (9.6)
Hypertension, n (%) 149 (77.2)
Type 2 diabetes, n (%) 25 (13.0)
Currently smoking, n (%) 8(4.2)
Currently drinking alcohol, n (%) 25 (13.0)

Cognitive tests
Japanese version of Mini-Mental State Examination (J-MMSE), mean (SD) 23.3(4.0)
Verbal Fluency Initial Letter (VFL), mean (SD) 6.1(2.9)
Scenery Picture Memory Test (SPMT), mean (SD) 7.0(2.9)

J Alzheimers Dis. Author manuscript; available in PMC 2013 March 03.

SD = standard deviation, TG = triglyceride, TC = total cholesterol, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density
lipoprotein cholesterol
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Table 2

Associations of three congtive function tests with total cholesterol, high-density lipoprotein cholesterol, low-
density lipoprotein cholesterol, non- high-density lipoprotein cholesterol, total cholesterol to high-density
lipoprotein cholesterol ratio, low-density lipoprotein to high-density lipoprotein cholesterol ratio and
trigriceride to high-density lipoprotein ratio

1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Unadjusted
OR (95% CI)

Adjusted®

Adjusted?

OR (95% Cl)

OR (95% Cl)

Japanese version of the Mini-Mental State Examination (J-MMSE)

TC

HDL-C

LDL-C

Non-HDL-C
TC/HDL-C ratio
DLL-C/HDL-C ratio
TG/HDL-C ratio

1.003 (0.992 - 1.013)
1.007 (0.980 - 1.034)
1.003 (0.991 - 1.016)
1.002 (0.991 - 1.013)
1.001 (0.666 - 1.504)
1.030 (0.618 - 1.718)
0.966 (0.743 - 1.257)

Verbal Fluency Initial Letter (VFL)

TC

HDL-C

LDL-C

Non-HDL-C
TC/HDL-C ratio
LDL-C/HDL-C ratio
TG/HDL-C ratio

1.003 (0.993 - 1.014)
1.011 (0.984 - 1.037)
1.005 (0.993 - 1.017)
1.002 (0.991 - 1.012)
0.980 (0.659 - 1.457)
1.076 (0.656 - 1.764)
0.862 (0.656 - 1.131)

Scenery Picture Memory Test (SPMT)

TC

HDL-C

LDL-C

Non-HDL-C
TC/HDL-C ratio
LDL-C/HDL-C ratio

TG/HDL-C ratio

1.013 (1.002 - 1.024)°

1.023 (0.996 - 1.050)

1.019 (1.006 - 1.032)¢

1.010 (0.999 - 1.021)
0.964 (0.647 — 1.438)
1.217 (0.741 - 1.997)

0.661 (0.473 - 0.925)°

0.999 (0.987 - 1.012)
0.998 (0.967 - 1.030)
1.003 (0.989 - 1.017)
1.000 (0.987 - 1.012)
0.988 (0.629 - 1.551)
1.060 (0.601 - 1.869)
0.909 (0.681 - 1.212)

1.003 (0.992 - 1.015)
1.011 (0.983 - 1.041)
1.005 (0.993 - 1.018)
1.002 (0.990 - 1.013)
0.936 (0.616 - 1.424)
1.044 (0.620 - 1.758)
0.811 (0.609 - 1.081)

1.010 (0.998 - 1.022)
1.009 (0.980 - 1.039)
1.019 (L.005 - 1.033)¢
1.008 (0.996 - 1.021)

1.019 (0.662 - 1.568)
1.387 (0.810 - 2.374)

0.629 (0.444 - 0.889)"

1.000 (0.987 - 1.013)
1.003 (0.970 - 1.037)
1.002 (0.988 - 1.017)
0.999 (0.986 - 1.012)
0.935 (0.584 - 1.497)
0.991 (0.549 - 1.789)
0.882 (0.648 - 1.200)

1.003 (0.990 - 1.015)
1.003 (0.970 - 1.036)
1.005 (0.991 - 1.019)
1.002 (0.990 - 1.015)
1.038 (0.663 - 1.626)
1.152 (0.660 - 2.012)
0.884 (0.653 - 1.197)

1.007 (0.994 - 1.020)
1.005 (0.974 - 1.036)
1.017 (1.002 - 1.032)°
1.006 (0.994 - 1.019)

1.033 (0.650 - 1.643)
1.402 (0.791 - 2.485)

0.641 (0.444 - 0.925)°

wduosnue Joyiny vd-HIN

TC = total cholesterol, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, TG = triglyceride
aAdjusted for age, gender and years of education

bAdjusted for age, gender, years of education, use of lipid-lowering drugs, history of stroke and heart diseases, hypertension, diabetes, and current
smoking and alcohol drinking status

<005
dp <0.01

e . -
p-value significant after Bonferroni adjustment
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Association of low-density lipoprotein cholesterol or triglyceride to high-density lipoprotein ratio with

Table 3

Page 11

memory function (Scenery Picture Memory Test score) by use of lipophilic statins, hydrophilic statins, and

non-statins
B (sE)? p-value
Lipophilic statins
LDL-C 0.011 (0.008) 0.148
Lipophilic statins -9.841 (5.929) 0.097
LDL-C * lipophilic statins 0.072 (0.045) 0.108
TG/HDL-C raio -0.398 (0.190) 0.037
Lipophilic statins 2.792 (2.494) 0.263
TG/HDL-C raio * lipophilic statins -3.161 (2.170) 0.145
Statins (lipophilic and hydrophilic statins)
LDL-C 0.010 (0.008) 0.246
Statins -3.835 (2.568) 0.135
LDL-C * statins 0.033 (0.021) 0.104
TG/HDL-C ratio -0.338 (0.193) 0.079
Statins 1.288 (1.099) 0.241
TG/HDL-C raio * statins -0.830 (0.688) 0.228
Lipid lowering drugs (statins and non statins)
LDL-C 0.010 (0.008) 0.232
Lipid lowering drugs -3.415 (2.493) 0.171
LDL-C * lipid lowering drugs 0.030 (0.020) 0.130
TG/HDL-C ratio -0.331 (0.194) 0.089
Lipid lowering drugs 1.257 (1.041) 0.228
TG/HDL-C ratio * lipid lowering drugs -0.793 (0.651) 0.224

HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, TG = triglyceride

aAdjusted for age, gender, years of education, use of lipid-lowering drugs, history of stroke and heart diseases, hypertension, diabetes, and current

smoking and alcohol drinking status
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